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light 5 distribution across the beam cross-section, and a polarizing system
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monochrome and color images. In the latter case the apparatus comprises an image dxsplay
system having three color channels for, for example the primary colors red, green and blue,

each of which accommodates an image display panel.

15 A device and an apparatus of this type are described in US Patent
5,184,248. The illumination device described in this Patent has a high efficiency, that is to
say, a high percentage of the light emitted by the light source is used for illuminating the
object which consists of a liquid crystalline image display panel referred to as LCD panel, in
which the illumination is also satisfactorily uniform. A bright image baving a uniform

20 intensity can be projected on a proj'ection' screen by means of an image projection apparatus
comprising this device. 'I'hxsnsachxevedbypassmgthehghtbeamemlttedbythesource

. through an optical integrator comprising a first lens plate having a plurality of first lenses
whose height-width ratio corresponds to that of the LCD panel to be illuminated and a
second lens plate having a plurality of second lenses which image the light spots formed on

25 the first lenses in a superimposed manner on the LCD panel. It is thereby achieved that the
light beam cross-section at the area of the LCD panel exactly fits this panel and that the |

_intensity distribution within this cross-section is uniform. Subsequently the beam is first spht
" in a polarizing system by means of a polarization-sensitive beam splitter into two linearly
‘polarized sub-beams having mutually perpendicular directions of polarization, and
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15 - must have a large aperture when this embodiment is used i m an image projection apparatus
Moreover in the devices described in US Patent 5,184, 248 the lens plates should have
relatlvely large dimensions and therefore be arranged ata relauvely large distance from each
other, because the optical integrator is arranged in a beam havmg a relatively large cross-
‘'section. | C '

20 ' It is an object of the present invention to provide an illumination device of
the type described in the opemng paragraph, which device is consrderably smaller and -

- comprises fewer optical elements than the known device, while the cross-section of the -
supp_hed beam nevertheless remains limited.
' The device accordmg to the invention: is characterized in that the

25 polanzmg system is arranged in the radiation path in front of the optical integrator.

“In this device, lens plates having a cross-section which is smaller than that
of the exit plane of the reflector are used, so that these plates become less expensive and can
be arranged closer together. To this end the beam incident on the first lens plate should be a
converging beam and a given distance between the reflector and the first lens plate should be

30  observed. By arranging the polarizing system in the space between the reflector and the first
lens plate, this space is utilized to an optlmum extent and for obtaining the desired polanzed
hght the construction length of the image projecuon apparatus need not be extended.

_ It is essential for the device according to the invention that the beam
incident on the opncal integrator is a convergmg beamn. Such a beam can be obtamed by

]



20 It is an object of the present invention to provide an
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15 when said combination is used in the novel illumination device according to the invention.

The optical integrator in this device may be constituted by a light guiding
-tube in which the liéht propagates via reflections on the inner wall and whose entrance face
is adapted to the cross-section of the beam emerging from the polarizing system, while the
exit face of the light guiding tube, which can be arranged close to the object to be
20 illuminated, is adapted in shape and dimensions to the object to be illuminated.

. However, the optical integrator preferably comprises a first and a second
lens plate having the constructions and functions as described in claim 11. Different
embodiments of such an integrator are described in claims 12-16. These embodiments are
known per se from US Patent 5,184,248 which also describes the operation and advantages

25 of these embodiments. These advantages are maintained when said integrator is used in the
novel lllummanon device according to the invention.
' - The invention also relates to an image projection apparams compnsmg an
' ﬂlummauon device, an image display system for generating an image to be projected and
provided with at least one image display panel, and a projection lens system for projecting
30 the image formed by the image display system on a projection screen. This apparatus is
characterized in that the illumination device is implemented as described hereinbefore.
' A preferred embodiment of this apparatus for projecting color images is
further characterized m that the xmage display system comprises color-selective beam splitters
* for splitting the beam into three differently colored sub-beams and a separate image display



hyper bol oi d. Such surfaces can easily be provided with a |ayer having a
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conprises the conbination of a polarization-sensitive beamsplitting prism
devel oped by the Applicant and a polarization rotator, of which conbination
di fferent enbodi nents are described in clains 2-10. These enbodi ments are
known pepangk for each gabbgamnas wellsas beam-recombining aeans forecombiningi the sat-eams
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an image to be proj ecFigl Sastsbwy thei apethtiont df this Beanpéplitee, i mage di spl ay
panel, and a projectign |ens systemfor projecting 30 t he | mage forned by
the image display sysggn‘bﬂl this Beam splitter with a m&mm@m;ﬂm ane of the
char act eizgéed N that the ill um nat ion device is inplenmented as described
her ei nbe?‘ore A preferred embodi nent of this apparatus for projecting col or

i magEs is further chaFigtSeshowsda mmhanﬁchhneﬁt&ﬁ'éa Beéahp kplittery St €m conpri ses
col or-sel ecti ve beamfjfgll tersfgmawg tting the beaminto three _
differently colored s é‘éwpmagon feyise dn 9 nezspective view,
: Fig. 7 shows an embodiment of the illumination device according to the
invention in a cross-sectional view, '

| Fig. 8 shows the known illumination device in a cross-sectional view,
20 - Figs. 9 and 10 are perspectlve front and rear views, respectively of the
firstlensplateoftheoptlcalmtegrator,_ Lo
Fig." 11 shows an embodiment of a color image pmjecuon apparatus
comprising one illumination device and transmissive image display panels,
Fig. 12 shows an embodiment of a color image projection apparatus
25 compnsmg one illumination device and reflective image display panels, and
| Fig. 13 shows a color i image. pro;ecnon apparatus comprising separate
illumination devices for each color channel. | | . |
In Fig. 1, the block A represents an illumination device which emits a
light beam b whose principal axis coincides with the optical axis OO’ of the image projection
30 apparatus. This beam is incident on the image display system B which has one image display
panel 1 if a monochromatic image must be projected. This panel is, for example a liquid
crystal display panel (or LCD panel). Such a panel comprises a layer of liqpid crystalline
material 4, for example of the nematic type which is enclosed between two transparent, for
example glass plates 2 and 3. Dnve electrodes 5 and 6 are arranged on each of these plates.
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respective I TSt optical integrator, Fig. 11
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pixel is now driven by its own active drive element such as, for example a thin-film

- transistor. Both types of direct-drive image display panels are described in, for example
European Patent Application no. 0 266 184.
15 The beam incident on the image display panel 1 should be polarized,
preferably linearly polarized. However, the illumination system A supplies unpolarized light.
It is common practice to select a linearly polarized component having the desired direction of
polarization from this light by means of an absorbing polarizer 10. An analyser 11 whose
direction of polarization is, for example effectively parallei to that of the polarizer 10 is
- 20 arranged in the path of the light transmitted by the image display panel. Consequently, the
light coming from those pixels which are energized and do not change the direction of
polarization of the beam is passed to a projection lens system C by the analyser. The light
coming from the non—energiied pixels, which rotate the direction of polarization of the beam
through 90°, is blocked by the analyser. The analyser thus converts the polarization
25 modulation of the beam into an intensity modulation. The projection lens system C projects
the image formed on the panél lona projection screen D. This projected image can be
observed by a viewer W who is present in the space behind the projection screen.
The image display panel may alternatively be a disp'e_rsive panel, for
example a PDLC (Polymer Dispersed Liquid Crystal) panel which is preceded by a polarizer
30 and succeeded by an anhlyser, as described in the article "A full-color TFT-LCD with
Polymer Dispersed Structure” in Japan Display 1992, pp. 531-634. ' |
' _ When used in transmission, a liquid crystal image display panel has a low
efficiency, for example only 30% of the radiation incident on a monochrome panel and only
10% of the radiation mcxdent on a color panel is passed to the projection lens system.
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15  source light are used to illuminate the image display panel. To this end, use is made of a

. combination of a special polarization-sensitive beam splitter and a polarization converter.
_Secondly, it has been ensured that the llght beam incident on the LCD panel has a specnﬁ

.Cross-section.

_ . ~ Fig. 2 shows the polanzauon-sensltlve beam splitter in a cross-section.

20 This beam sphttet 20 comprises two prisms 21 and 25 of, for example glass and a
birefringent layer 27. This layer consists of, for example a liquid crystalline material. The
ordinary refractive index n, is substantially always equal to 1.5, while the extraordinary
refractive index n, may have a value of between 1.6 and 1. 8, dependent on the composition
of the layer 27. Orientation l_ayers- 28 and 29 ensuring that the optical axis of the layer 27 is

25  perpendicular to the plane of the drawing in this case are provided on the prisms. This axis

*is denoted by the reference numeral 30 in Fig. 2. It has been ensured that the refractive
index n, of the prism material is equal to n, of the lay‘et-27', for example 1.7. If-an' |
unpolarized light beam is incident via the prism 21 on the layer 27 at an angle of incidence ¢
which is larger than or equal to the critical angle, the P-polarized component of this beam is |

30 totally reflected towards the exit face 23 of the prism 21 because the ordinary refractive =

_ index of the layer 27 holds for this component, which refractive index is smaller than that of
the prism 21. The P-polarized component is the component whose direction of polarization is
parallel to the plane of incidence, i.e. the plane through the normal n on the layer 27 and the
chief ray of the incident beam, hence the plane of the drawing in Fig. 2. For the S-polarized
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Mor eovd, thts system i mages the panel in a magnified formso that the

i | lumination beam should have a large intensity if there is to be a
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light source 14 the ing a er 1nte

obfaining the division by the layer 27 thus is:

15 () =) arcsin 22 < ¢ < arcsin .:_ (= ¢,).
1 . 1
The angles ¢, and ¢, are shown in Fig. 2.
| The refractive index diffe_rence An = n, - n, of liquid crystalline material
inéy_ be large so that the beam splitter 20 is suitable for a large area (¢, - ¢,) of angles of
- incidence ¢. Moreover, it can be ensured that the refractive index of the prism material and

20 that of the layer 27 vary in the same manner at a variation of the wavelength of the incident
light beam so that the beam splitter has a large polariz'ation-separating efficiency for a large
Wévelengm range. A very great advantage of the beam splitter of Fig. 2 is that it is
inexpensive because no expensive birefringent prism materials are necessary, as in a
Wollaston prism, and that this prism can be produced in a relatively simple manner.

25 The prisms 21 and 25 need not be solid; these prisms may alternatively
have glass or other transparent walls within which a transparent liquid or synthetic material
having a high refractiﬁe index equal to n, of the layer 27 is provided. These walls should
then have the same refrac.;tive index as the liquid or synthetic material, which materiais
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conponent, which refractive index is smaller than that o
the separating layer 27 so that, after refraction by this face, the angle of incidence ¢ of the
beam on the layer 27 has a value between.the above-mcntioned critical angles ¢, and ¢, so
20 that the P-polarized beam component b, is completely reflected and leaves the prism 21 via
the exit face 23. The S-polarized component enters the prism 25 and leaves this prism via the
exit face 26. The exit faces 23 and 26 are also placed at an angle o to the separating layer 27
so that the beam components b, and b, have effectively traversed a plane-parallel plate and
thus, after refraction at the faces 23, 26, are parallel to the incident beam b.
25 | The beam b is located at one side of the layer 27. The emerging beam
cdmponents_ b, and b, have a round cross-section and are located at different sides of the
principal axis within a circle 32, as is shown in the right-hand part of Fig. 3.
If, as shown in Fig. 4, a A\/2 plate 31 is arranged on one of the exit faces,
for example the face 26, the direction of polarization of the. component b, is rotated through
30 90° so that the beam e_mcrgihg from the plate 31 is also P-polarized. Linearly polarized light
-which is completely sﬁitabl_e for iliuminating the panel 1 of Fig. 4 emerges from the
polarizing system constitqted:by the beam splitter 20 and the polarization rotator 31. -
Instead of a \/2 plate, a layer of rotated liquid crystalline material, for
example a polymer or a plurality of uniaxial birefringent layers which are mutually rotated
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i n the sanconvertsaite l_w_oamtﬂanl;apolmzed ligheinte dexteoviriculaclly potarided dighe which is
passed by the layer.41 and has the same direction as the component b ;. The beam b is thus

~ converted into two beam components b, and b,, both with dextrocircularly polarized light,
15 and is located within a circle 32, as is shown in the lower part of Fig. 5.

‘The beam with dextrocircularly polarized light can be applied to an image
display panel without polarization conversion. This has the advantage that the field with
which the panel, for example of the nematic type, is to be driven 1s smaller than in the case
where linearly polarized radiation is used. Alternatively, a A/4 plate 45 may be arranged in a

20 diagonal position behind the beam splitter 40, which plate converts the circularly polarized
light into linearly polarized light. .

: ' Instead of a laevorotatory cholesteric layer, a dextrorotatory cholesteric
layer may be used as a separating layer 41 in which the reflector 42 may then consist of
laevorotatory material and the reflector 43 may be a normal mirror again. Then the light

25 emerging from the beam splitter 40 is levocircularly polarized. .
- Fig. 6 shows the illumination device in accordance with US Patent _

5,134,248 in a perspective view, which device is provided with an optical integrator and a
polarizing system. The device further comprises a lamp 50 which emits light both in the
direction of the image display pahel and in the backward direction (at the left in Fig. 6). A

30 reflector 51 is arranged at the rear side of the lamp, which reflector reflects the light emitted
by the lamp to an opﬁcal mtegrator in the form of a first lens plate 54 and a second lens
plate 57 spaced apart therefrom. The lenses 55 of the lens plate 54 divide the incident beam
into a number of sub-beams correspondmg to the munber of lenses and ensure that these sub-
beams have their beam waist in the plane of the lenses 58 of the second lens plate 57. The



| i ght beam so that the beamsplitter has a | arge polarization-separating
ef ficiencywdod3iazd arge wavel ength range. A very great advanipegapsdookize beam

splitter of Fig. 2 is that it is inexpensive because no expensive ' i
birefringent prismmaterials are necessarl@g, as in a Wllaston prism and
that this prismcan be produced in a relatively sinple manner. 25
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e obt ai ned.  for exan) KB RERED ontihling KR cxafe (A plbeiveL il 61
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pol yrmer W - % gwug crystal line nononer conposition. Fig. 3
shows ho anQiol uméggﬁﬁléo am b incident on the beamsplitter 20 15 is
split by this beam splThetlens platec5? amd henvedits imagenGSuis!pryferably serlictroblar 5o that
Pol arl 264l Defm is filled optimally. A further lens 67 is arranged behind the polarization-sensitive
15 beam splitter 20. An image 70 of the intermediate image 60, hence a superimposed final -
image of the lenses 55 is produced in its focal plane. The image display panel 1 is placed in
this final image. R ' '

In accordance with the ptesent invention the length of the known device,
.~ as well as the diameter of the lens plates 54, 57 can be considerably reduced by arranging
20 the polarizing system 20, 31 of Fig. 3 between the radiation source unit 50, 51 and the
integrator 54, 57. Fig. 7 shows a cross-section of the 'tioVél'illhmination‘de‘vice. For the
purpose of comparison, Fig. 8 shows a cross-section of the known device. In the device of
Fig. 8 the semicircular lens plate 57 of Fig. 6 is replaced by a circular lens plate 57°. The
 construction length can be slightly shortened by means of an extra lens 75. A circular lens
25 image 50, consisting of two halves and being formed with, for example p-polarized light is
producedagainbehindtheptismzo. S .

The illumination device according to the invention (Fig. 7) again
comprises a lamp 50, a reflector 80, a polarizing system 20, 31 and an optical integrator
consisting of two lens plates 54, 82. The polarizing system has the same construction and

30 operation as described with reference to Figs. 2, 3 and 4. Now, instead of 'bne-beam'haVing
2 round cross-section, two sub-beams 86 and 87 each having an intensity decreasing from
their centres to the edge are produced behind the polarizing system. This is shown in the

inset 85 of Fig. 7. The radiation spots 86 and 87 shown in this inset are actually slightly put
together. Since the beam 85 still traverses the integrator 54, 81, the intensity distributions are
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conprises a cholesteric |liqurd crystalline
The side of the first lens plate 54 facing the source is provided with a
plurality of lenses 55 and the other side 56 is preferably plane. Fxg 9 shows this plate in a

perspective front view, while Fig. 10 shows the plate in a rear view. The plate 54 compnses,

for example 10 lenses. Each of these lenses images the source 50 on an associated lens 58 of
20 the second lens plate 57. The source-facing side 59 of this plate, which principally has the
same shape as the first lens plate 54, is plane, whereas the side remote from the source
supports a plurality of lenses 58. The number of lenses 58 of the plate 57 is equal to or, for
example, if the reflector 51 forms a lamp image next to the lamp, twice the number of lenses
55 of the plate 54. For imaging the light source 50 on the corresponding lenses 58, ... 58,
25 by means of the different lenses 55,, ..., 55,, each time a different portion of the beam
incident on the lens plate 54 is used. The lenses 55, ... 55, have such a power in such a
direction that the suB-beams passing through them have their beam waist in the plane of the
~ lenses 58, while their chief ray is directed towards the centre of an associated lens 58. The
lenses 58 have such a power in such a direction that they image the radiation spots formed
130 on the lenses 55 in a superimposed manner on the object to be illuminated, for example an
'LCD panel, or in an intermediate image which is conjugated with this object. It is thereby
éu:hieved_that the beam at the location of the object or the intermediate image has a
satisfactory uniform intensity distribution. Ny
The cross-section of the beam at those positions is then adapted to that of
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20 by the reflector is received. ' '

The diameter of the ﬁrstlensplatemaybedxfferentfromthatofthe
second lens plate. If the illumination device is, however, unplemented in such a way that
these diameters are equal, likewise as the shape and dunens:ons of the first and second

_ lenses,onlyonetypeoflensplatenstobensedsothatthedevmemaybemadeatalower
25 cost and lts assembly can be simplified.

The shape and dimensions of the lenses of the second lens plate may be
chosen to be such that they exactly fit the beam cross-sections, in the plane of the second
lenses, of the sub-beams constituted by the first lens plate so that the efﬁcxem:y of the

. ~ illumination device is enhanced. : : :
| 30 . The lenses of the first and second lens plates may not only be provided on
: the s1des of the relevant plate facing and remote from the light source, but also on the sides
of the relevant plate remote from and facing the light source, respectively.

Whenalensplatexsprecededorsuccwdedbyalens this lens and the

plate may be integrated in one element as is shown in Figs. 17 and 18 of US Patent

-lr"




into a nunmber of sub-beans corresponding to the nunber of |enses and ensure
that these Swd95/88222s have their beamwai st in the plane of tRETIBMBWIIHS
of, the second |l ens plate 57. The WO 95/ 33222

PCT/ 1 B95/ 00418 10 nunber of lenses 55 is edBal to the nunber of |enses 58.
Each of the lenses 55 thus imges the source on-an associated |ens 58. The
| enses 58 B5A8d,=i8cindaaspdeseribedhimsthisPatenti r ecti on t hat they i nmage the

radi ati on spots forned the.lens plate 54 in_ a peri S nanner in an
i nternmedi até i mage 60. | °¥°§’V%'é'|sé5§h%i‘b68dl9Pgw(éémgrgd%g@é@i&?Eé%tm
has a sati.g j¢f i b1t ' j ' ' ' | i |
be- mai nt ai ROROFAY ekfacl i ik s ok o'yl Guielito b 0 BYE Hiak MY fhott of
sour ce i nate illaminaion beam on theuinage display paned isosmalterat disiedyg. ofTthe beam than in
i nternmedi ate i e 60 is an,inmage of the |enses, 55 and, t hus has shape

whi ch o3 r BEJBHEE 522 Hipbi3ia § AiFe Aprura) dEa2A RIHE DEEHam 3ecan #h RS PoRR. 1 or
exanpl e tV\gedd}iBoP iP W&CPatb@$ 384 24gand 10 64 is arranged behind the

i ntermedi ate 1 mage 60. This Tens systemimages the internediate i mage 60 at
infinity, while it fornSioee inthgaetice atcartling torthe friventiorn theasecomd lens pidte 57 is

f th ism 20 of th lLari zi Th ' | at 7 d h i
ages cb. | B0aeRunbih BNALPF b P S 6 rion a1 BiE o FoRBRneiE iad e
A further. {cqB ér?massw%@g G Ief ‘tianintthe kROWR devRb! ggrcé Chiokdovie the be&f Theident

splitter 20. An | mage 7 e intermedi ate i nage hence a 'superi npose
final ilfagen tiie optical integratasthas @ smallén cess-sectionstham imtheknown déMice, ithe gitegrator
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pol ari zi ng system 20, 31 of Fig. 3 between the radiation source unit 50, 51
and the integrator 54, Fig. Fl ghows amembodimend of aselari projection kelevision lapparatus in -

|11 um nati gvﬂicget}/xiecn ﬁnulil%{ioﬁ rElgvice according to the invention can be used to great advantage.

15 - This apparatus comprises three main sections: the iilumination system A,
the image display system B and the projeétion lens system C, for example a zoom lens. The
principal axis OO’ of the illumination system is in alignment with the optical axis DD’ of the
apparatus which in the embodiment shown is first divided into three sub-axes, which sub-

_ axes are later combined to one optical axis coinciding with the optical axis EE’ of the
20 projection lens system. | |
The beam from the illumination system A is incident on a color-selective
reflector 90, for example a dichroic mirror which reflects, for example the biue color
component b, and passes the rest of the beam. This beam portion reaches a second color-
selective reflector 91 which reflects the green color component b and passes the remaining

25 red color component by to a reflector 92 which reflects the red beam to the projection lens
system. The reflector 92 may be a neutral reflector or a reflector which is optimized for red

" light. The blue beam is reflected by a neutral or blue-selective reflector 93 to a display panel
96 in the form of a liquid crystalline panel. This panel is electronically driven in known
manner so that the blue component of the image to be projected appears on this panel. The

30 beam modulated with the blue information reaches the projection lens system C via a color-
selective reflector 94, which passes the blue beam and reflects the green beam, and a further
color-selective reﬂector'95 which reflects the blue beam. The green beam bg traverses a
second display panel 97 where it is modulated with the green image component and is then
succeésively reflected to the projection lens system C by the color-selective reflectors 94 and



pur pose of conparison, Fig. 8 shows a cross-section of the known device. In"
the devi w0 9332. 8 the semcircular lens plate 57 of Fi gpcémBssones aced

by a circular lens plate 57'. The construction | ength can be slightily 4
shortened by neans of an extra lens 75. 1A circular lens 25 inage 50[err] -
consisting of two halves and being fornmed with, for exanple p-polarized

| i ght i95. Fhedreddmtangby travm'bnsrajtlunbdqspllay pafi€l. 98T Whe'ﬂelit timimdmamd wiitly itleered

G0, o plHeE ComRonEGarSrsoBeraen i, rek ey G brolara <0 SHGR T P SEVE o

I ens pl@he&or9ds. 82. The polarizing system has the sane constructlon and 30
operation as described with reference to Figs. 2, 3 and 4. Now, instead of -
one beam havi ng a rolhe bchld)sredsnndtgmnn,bm arelsupnm'npos%aal:ht impueaf thisens ng

an intens easing fromthe entres to eae rod ehlnd
he. ‘bolsuReD se 6l SRaI eipeS T brkly 5 i Toobf whish 1 tap& & manited form

radi at igynth$PSstens Wﬁoﬁn&ﬁ%&eh'hiﬁh&vﬁmﬁ e actually sllghtly put

t oget hetir';{n Si ﬁ’(i:se t%!el beam 85 still tor aver ses t%‘lgrll ntegrator 54, 81, the

intensity distributi dhe optical patlv\teruﬂ!smqen the output of the illumination system A

o | SRR B e ARHAL 15038, 9 hoa O RO Bl 1 BRR b Ryt ation2

furt herofafy 8eirag8,,0b, A bylare équak &€ teobstionCof! their! dRpAY egmf Wi th
t hat of Flg 7 inowhi ch te)'gch hal f of the inage 516 con?{gtls of galty

of Hib- betveen gheadisplay pasels 96 87 rand & and thsmmmaﬂ:& pupihof the pro_)ectlm

S0°r s APGHerh B 150 BiesSRpIEtau of e ehd B G et pieciarly IZ;

pl at e Ffpérimpoded it thel projection séreen.vi cinity of the second focus because th
beam cross-section is snallest at that |ocation. Alternatively, a reflector

havi ng a di-fferent sﬁ&@bOfﬂErICMrﬂﬂ 408 apdrlé)dmrr@gcdgin fronbof theylmageuhspdb,y

ot | ecmehelS S o s ortdsBohdl to B ind B B F{R, 6 R e Mipe At Baciaefim 1o
optisalcogting fion@the &t fak of'the Almidhtién Eﬁftétﬂ‘ié éénceilﬁtt@@ in the entrance pupxl of
' the projection lens system C.

. Fig. 12 shows an embodiment of a color image projection apparatus with
 reflecting image display panels 110, 111 and 112. The beam b supplied by the illumination |
system according to the invention is splii into three differently colored beams by, b and by
20 by a dichroic cross 115 constituted by two dichroic mirrors 116 and 117.
~ The projection lens system C, shown by means of a single lens in this
Figure, can only receive radiation of the beam by reflected by the image display panels and
no radxanon of the beam boy supplied by the illumination system. .
Inordertoreahsethatthebeamsbo“andb,saresnff'menﬂy separated at
25 the area of the projection lens system without the distance between this system and the image
| display panel having to be large, use is made of an angle-dependent beam separator in the.
- form of a composite prism system 105. This system comprises two transparent prisms 106
and 107 of glass or synthetic material enclosing an air layer 108. Since the refractive index
- Dy, of the prism material (n,, is, for example 1.5) is larger than the refractive index, n,, of air
30 (n, = 1.0), a radiation beam incident on the interface between the prism and air at an angle
O, which is larger-than or équal to the critical angle ©, for which it holds that
. n
sin O = —



sinplifies the provision of a layer having a high reflection on this
surface. Wiawmoaspaeabolic reflector is used, a | ens 81 nust beCIVIBISIP4IB

~ behind the reflector so as to converge the Ianp light on the first |lens
plate. It is alternatively possible to pladd a | ens behind the reflector

whi ch al ready converges of itself so as to obtain extra convergence of the
beam The Wil be edthly treflecosdy Iipmemnmbncebw ﬂmemrfnppeat Ianlanglersﬂidllecthan the ceitical

nbi t d fl t Th
I Cinl e peabc Ppsty mRe 1 Cus ebEmentf Elgs 12, Be St Gastive iagexick
i s preferag %ﬁrﬁnenme ﬂcﬂl?’ﬂaﬁd‘&iﬁﬁoﬁéﬁt&dﬂ' e 'aﬂ' eyaewsoﬁetdh\seeﬂ {0063 sdéh%t the
whi l e Fig. shows t ate In a rear view. 4 conpri ses,

exanpl e 1(Obéammbgs cotﬁmghfrom mheﬂmnhnnensystqag&ss tdwllys mﬂecedaiy the interface 106
associ a ed ns 5 f t he sec d. |l ens ate 57._.The, sour ue-faci ng sjde .
55°of ¢ i o10f Bivards,fhe fiSpipy SessR AR the BoSm Des STE PR G DT 5 ol
plate 54 b&s&i Bjﬂ ¢his \WBHEGRS Tﬂé%niléjéf Rkigehee Bfﬁ{é‘ﬁé&ﬁlﬁ&uirfc?th‘élﬁéﬂﬁfﬁ@cﬁnhe
plurality of |enses 58. The nunber of l|enses 58 of the plate 57 is equal to

or, for eximgrfase is to thieend:largen orr sraallerorespectivelynghamthgecritisat angle.t he | anp,
twicethe nunber of | enges 55 of Iat or i i,bng t.he |ight ,source
50 on the corresponding é’éit‘@ﬁ? 8%'8{ ‘i‘gﬁgwgﬁ’?e'%iﬁ§ (‘#Pef’ﬂ a large
di fferent A oghihlridy be memaé%eyd"l to @it ofché"Besdn oL feaﬁsa twp&ﬁecuon
t he beam i nci dent on the ens plate 54 is used. The | enses

5
55[ er r 10haless symmac pambe placed atnseao dhe display systemt sof that ﬁntienggmf tbemgeg
t hrough them h heir_be nlmal |n th an the |l ensegs 58 _ while
thel 1 “chi PRIGOR deser o B Fomisrebtstmafigh i g e pPeoec BF e i, et
The | enses 58 have such Iﬁlspﬂt@,?ﬁaﬂvel)splféﬁlbk £ Elfsoké ehie Mféﬁratidiﬁdf theBARrfabL106,
radi ation spots formed 30 on the I'enses 55 in a superinposed nmanner on t he

obj ect to withunespest taitherdirectionsrof ﬁleabemmopmdlbmmsuqhmwaynh&rthedbmdm

whi ch th | t h d 4NaL phhe
beam at ¢ b8 HeStel e BisBiayelvitpt Cviich 1 et predent, Bpdel the BHRCRGY aob 186 vbas
sati sf 36t Opyy, iy FbfiQted toWaeds theYprojettion M's?ﬁtemTﬁeVﬂEdﬁ%i Projéctiohds hsean

at those positions is then adapted to tha WO 95/ 33222
PCT/ | B95/ Othe latter set-up provides the advantage that fewer color aberranons occur in the modulated

beam byg.

In Fig. 12 the beam b,y reflected by the_interfice 106, 108 is incident on
a first dichroic mirror 116 which reflects, for example blue light. The blue component by s
20 is‘incident on the 'di_'splay panel 112 in which the blue sub-image is generated and the beam
brg,s modulated with the blue image information is reflected by the panel 112 to the dichroic
cross 115. The beam with the red and the green component passed by the dichroic mirror
116 is incident on the second dichroic mirror 117 which reflects the red component bON r 1O
the display panel 110. The red sub-image is generated in this panel. The beam byg» '
25 modulated with the red image information is reflected to the dichroic cross 115. The green
beam component bgy g passed by the mirror 117 is modulated by the green image display
panel 111 and reflected as beam component byg g to the dichroic cross 115. Since the
dichroic mirrors 116 and 117 reflect the returning beam components byg and byg » and pass
the beam component bz g, these beam components are combined in one beam byg Which is ‘
30 modulated with the color image information. ' '
The polanzer 10 and the analyser 11 are preferably arranged between the
ﬂlummanon system A and the image display system and between the image display system
. and the projection lens system, respectively, so that these elements simultaneously act on the
three color components and a separate system of such elements need not be used for each
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aspect galer epmpqnent t hereby achieved that all radiation fromthe radiation

sourc

e object to be illumnated. The liquid crystal display panels which.
sed WO958322p| ayi ng conventional video i nages have an RGFABISHMHI80 b: h
in which the width b is the di meggi on in the X direction, of Fig. 6,

he height h is the dinmension in thé®Y direction. In the enbodi nent

in Figs. 9 and 10, the lenses 55 of the plate 54 have the sane 5
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sectrons; In the secon
comprises a number of plxels which is, for example three _txmes as large as-the number of -

pixels of a monochrome panel. The pixels of the color panel are arranged in accordance with

three groups with which a red, a green and a blue sub-picture, respectively, is generated. A
pixel of each of the groups is each time associated with -a pixel on the projec_tion screen. For

example, a separate color filter is then placed in front of each pixel, which color filter passes

the desired color only for the relevant pixel. .
The color panel may be a transmmswe panel in whxeh the color image

projection apparatus is then constructed, for example as shown in Fig. 6. If the color panel is

a reflective panel, the color image projection apparatus may. be constructed, for example as

shown_ in Fig. 12, in which the col_of panel is placed at the position of the monochrome panel

111, while the panels 110 and 112 as well as the dichroic cross 115 have been omitted.

| Fig. 13 shows in a diagrammatic plan view a color image projection
device having three color channels 120, 121 and 122 for the primary colors green, blue and
red, _respectively." Each of these color channels comprises an i}l_qminatinn system A:acc‘:o:ding
to the invention, a lens 73 and a'transmissive image display panel 111. These elements are
shown in the green channel 120. For the other channels corresponding elements are arranged
in the same way, The differently colored beams bg, by and by modulated with the image

‘information are combined to one beam byg by, for example a d_xc_hrmc cross 115, which beam

is projected by the projection lens system C on a display screen (not shoyvn).
The illumination system according to the invention may not only be used

®



| enses, of the sub-beans constituted by the first lens plate so that the

ef ficiency 309338221 | uni nati on device is enhanced. 30 PCT/IB95/00418 The
| enses of the first and second | ens plates may not only be provided on the
sides of the relevant plate facing and remde fromthe |ight source, but

al so on the sides of the relevant plate renote fromand facing the light -
sour ce, refopdlduminating aiiquid £rystalimage display panel duit dlsorfor ilbwmindting by imagens,
this lens and the plate e.integrated.in one el enent .as is shown in
s, 17 afioPiaY SymEtman e o8¢ if Giaie of 3 Sauiode F4Y nlbe T embitaion Wit 3

PCT/ | B95/ OfkbiScohdudringSthyér nd B dayds of diyaid SiSStailinet Miterilatviiiéh iddpecdivsih |
is shown in fig. 39 0 S Paten?ﬂg 185?,%248, t he Iensl--l supporting su@f%ggﬁ%x?

the first isalescribediin WnijedoStatasrRatent n9. 4s5137%632%hi eve that the intensity of
the illym nati on beam or.the ] e di |4 | Ler t he f
the'bea’?nthan in 5 the :xh&dﬁgélg@algg* gg‘g%ﬁgﬁg%s%ﬁ%&ﬂn% Eﬁsﬁ?%‘i g%“gﬂgﬁ@
proj ect i ongbjédteito baSiitrainabicwith aipht hivwidg iangivén Ratecot pdlarifhtion 48d whe€ Fefryn

t he device according to the invention the second |ens plate 57 is no | onger
i mged beheffigiegt usexmusobe made tof sheradiationosupplied by giyadiation sgwsenent s in and
the length of this device is smaller than in the known device. Since,

nmor eover, the beamincident 10 on the optical integrator has a smaller
cross-section than in the known device, the integrator plates are snmaller

and these plates can be arranged cl oser together so that the build-in
| ength is reduced. Fig. 11 shows an enbodi nent of a color projection

tel evision apparatus in which the illumnation device according to:the
invention can be used to great  advantage. 15 Thi s
apparatus conprises three main sections: the illum nation systemA, the

i mge display system B and the projection |l ens system C, for exanple a zoom
| ens. The o - : .



principal axis OO of the illum nation systemis in alignment with the

opti cal awosBB220f the apparatus which in the enbodi ment sSPONIBISH418r St
divided into three sub-axes, which sub- axes are |ater conbined to one
optical axis coinciding with the opticall@xis EE' of the 20 projection

| ens system The beamfromthe illumination systemA is incident on a

col or - s@lainis: ve refl ector 90, for exanple a dichroic mrror which reflects,
for exarrpl e the blue color conponent b[err] .and passes the rest of the
beam Thi s beam portion reaches a second col or- sel ectlve reflector 91
which reflects the green color co passes the remaining 25
red col or conponent b[err] to a rﬁﬂ“"ﬂj““‘ﬂ"“lg eflects the red beamto
the projection Iens system The refilxecttort92" may . e 'a neutral reflector or
.a reflector which is optimzed for red Iight. The blue beamis reflected by
a neutral or blue-selective reflector 93 to a display panel 96 in the form
of a liquid crystalliAf idamfiatior defice Fo€supplyifig AWeafbLCRhdaY] dﬂdlﬁ%d' i*gﬂfnom
manner so that the blue conponent of the inage to ‘be proj ecg’ed appears on
thi s pahaying Rrromsmtationally symmetrical beamicrossesegtion at thedocationoof ancobjeetstottiee

Phe bi v iRBoRfea 3 dVicE Onibring 4 Bafi, e 4 AFDeEBE, £ atical e gtalor Jof T vo
reflect g5rmfin ‘éﬁ‘idoﬁéaﬁﬁ&o@f-&éctlbh%n@ﬂdﬁrmg aTmf&f@ﬁgmbﬁe&%BhSﬂ abros$ MeBeafs

a second dISp| ay panel where it is nodulated wth the green I mage
conpdnerrossisection, and 2 mlmsm forcorverting the light spppljedchy the source intost em

C by the colo el e ef ect of WD 95/ 33222

pr! | poSpbthoR-8E iy chfiacEfed i et B vourydbe bt i araneninty paner
98 wher gadistiorSpdtR dh \ffdne &f \the Optida integhatopge conponent and subsequently
reaches the pI‘OJ ection |lens systemyvia the color-selective reflector 95.

The blud, red and grmlmwtandegnp@schmé@n b, ¢chapaaterigedtinitbati &ns 5
SYS €M St 1ot el Uord B0 ek R bobbee e Yoy §huis, | 90 1 @

magni f i
10 3. An illumination device as claimed in Claim 1 or 2, in which the
polarizing system is constituted by a polarization-sénsitive ‘beam splitter for splitting the beam
into two differently polarized sub-beams, the first sub-beam of which is diféctly suitable to

be modulated by the image display system, and a polarization-rotating element for converting

the second sub-beam into a beam having the same state of polarization as the first sub-beam,
15 characterized in that the polarization-sensitive beam splitter comprises an oriented layer of
birefringent material, in that the sub-beams traverse the same path length through the beam
 splitter, and in that the sub-beams emerging from the assembly of beam splitter and
_polanzatlon-rotaung element jointly form a beam having a round cross-section.
4. An illumination device as claimed in Claim 3, characterized in that the
20 beam splitter comprises a first prism having a first face parallel to the chief ray of the
illumination beam incident on the beam splitter, and a second prism having a first face
parallel to the chief ray, which prisms have the same refractive index, in that the layer of
birefringent material is located between the first faces of the prisms, while one of the
refractive indices of said material is épproximately equal to that of the prisms, in tha; a
25 second and a third face of the first prism, which faces extend at an equally large but opposite
angle to the first face constitute the entrance face and a first exit face, respectively, of the
 beam splitter, and in that a second face of the second prism, which face is parallel to the
second face of the first prism, constitutes a second exit face of the beam splitter.
5. An illumination device as claimed in Claim 4, characterized in that the



by this systemon a proj ectigj!m r, :luH" ﬂ:l“tm in Fig. 11. The opti cal
pat h | engt h'WO2/3382 t he out P Wi Afhat i on system A B2RETBAG41%
the display panels 96, 97 and 98 are preferably equal so that 'the
cross-sections of the beans b[err], b[err]1%nd b[err] are equal at the

| ocation of their display panel. The optical path 10 - | engt hs between the

di spl ay paniarigati@-ragtingclep@ntiscarranged onranecef the ekit fadestof dhe) begm splitter. | ens
system are al so preferaply,.e@aual. so that the dif.ferently | ored scepes .are
3 AsiiBriod Ysiish as cHimBl in SO b Y sRhRerad R ut

satisfactorily superi

99, 100 amsl BRdfrgeRASRaNis’d RGkidYrydiltink Faa&idl sp! ay panel s 96, 98 and 98
corresponds to the lens 73 in Fig. 6 and ensures that all radiation 15
coming fr@mthe exit faAs ileminasion|device daiclaimed yim Claini 4 or &, cbaracterized imthahe

t (1 of .1h Lect] | . t El 12 sh nmbodi t
of & cat oftd 1RgEon piFtePhoaishal 1 Birsi e atmethY iy rmge ai apl ay panel o
110, 111 @)d 112. The baaniimstsnhidevics ysichame i Ol 7 0eharacmBIARARACES0

to the invention is split into three differently colored beans b[err],
b[ err] anadhgsive Ryenis ayniaxially iriented polymerilayer:onsti t ut ed by two di chroic

Singl e 1 ofs in this FigupaucaitioR o as R QUEARET sdERRa Bnd e
ref | ect ed pblynidi9ayereis fofthéd froih #etRdSiquid chftllidt Abhemeéompssithaam bl err]
supplied by the illum nation system |n order to realise that the beans

bl err]10and0b[ err] are sAnfillemingtion dewisg asclaimgd ip Clainn, ehasacterizedHia that the

rage. ai S AP SURET B Myt BE pdsSfed e olBGE iR o bRRAREY B 1

beam sepatig prindipall dds, 'hith dyed sBRGNAES ilfnidhtionbeais o alfifst, rBflected ¥ab-HEAm of
conprises two transparent prisnms 106 and 107 of glass or synthetic materi al

encl osi ng cireularly polarized light haying & first dirsetioncef wéationcand s pesond, on-going sybrbeam
et er) ) o bagh Yo BE B fin e B8, BRI IR oo e
i nt er figc e phAHIKE Withhefibst irémmﬂaﬁéﬂﬁedtindlib it |of the first subibedim| which geflectolas)
or equal to the critical angle [err] for ich it holds that [err]
parallel to the principal axis, and a second reflector which is arranged in the path of the
second sub-beam at an angle of approximately 90° to the cholesteric layer, and in that one of
the reflectors reverses the direction of rotation of the sub-beam incident thereon.
11. . An illumination device as claimed in any one of Claims 1 to 10,
20 characterized in that the optical integrator successively comprises a first lens plate provided
with a plurality of first lenses which, in a plane perpendicular to the principal axis of the
beam emerging from the polarizing system, have a uniform width in a first direction and a
uniform height in a second direction perpendicular to the first direction, and a second lens
~ plate provided with a plurality of second lenses, the number of which is proportional to the
© 25 number of first lenses, the first lens plate dividing the light beam incident thereon into a
number of sub-beams proportional to the number of second lenses, which sub-beams have
' their beam waist in the plane of the second lenses and whose chief rays are directed to the

centres of the second lenses, the second lenses imaging the radiation spots formed on the first

lens piate in a superimposed manner on the object plane to be illuminated or on a plane
30 conjugated therewith, and in that the aspect ratio of the first lenses corresponds to that of the
object plane. _ T _ .
12. An illumination device as claimed in Claim 11, characterized in that at
. least one of the lenses of at least one of the lens plates is aspherical.
13. An illumination device as claimed in Claim 11 or 12, characterized in that
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15 wi || bwotssiazzy refl ected. Upon incidence on the interfaper/mosanisngl e
smal l er than the critical angle, the beamis conpletely passed. In the
enbodi ment of Fig. 12 the refractive i n@x of the prisms 106 and 107 and
the orientation of the air layer 108 are chosen to be such that the beam -
b[err] themungbek rofrfirstiensds| is equaltto ahe numbem)ﬂsecsnddﬁmédy refl ected by the

interf 106, 5 108t ds.the di dtheb b

rom thi& syst em i s comBlBRBRon devies i Ssimac iy Clagiy bo d2 om Chefhpraciasized in *
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pri Ism sghs_tfar;n baswgne ishapprhxmtatelypggﬂ tbrthe bmsfh{tmt?rdf the bearndincidedt thedeoni.ge
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Co%s quetitly, t%e prIo }li d?‘@?&a% ?ﬂ@ggﬁmbﬁ ﬁlrzncl%om'c}‘bse ‘to the
di spl aycmﬂtétiﬂea%ttﬁﬂtmé*f&sﬂl@ﬁﬂbﬁt@fs drféi, ged B9 plind ROVhich a0t fi-ﬁag?df e

considerably snmaller than in the absence of ‘the prismsystem
al t er nalightesoyraecis Sotsnas and ihthat said limage iscrerimaged byfthe isecondtlens plate didthe 108

Wi th regpect .tot rections of_ the beams b[err] and b[err]. in such a way
that t h&% ‘gmghﬁﬂ"@ﬁﬁ'gg'ed to the display system which is then present
under tfg prism syst@mnﬁﬁﬂnsﬁkﬁxaaa&a&clahﬁ&ﬂdcmrﬁflQCtlggort rds the

projection | ens system C. Wien col or beam projection i's use ie latter
 set 10p ¢hamaterizedtinghatoa demagnified image-of:thedight source iis formedsonoeachrofithe sdvend
nodul ated beam b[err]. In Fig. 12 the beam b[err] reflected by the _
interfa 06, 108 is incident ona first dichroic mrror 116 which
reflectgy, for exanpl Miﬁfgdpﬁj&uoihﬁphhﬁsc@amﬂ@%ﬁﬁﬂﬂu&o vg agmdem‘
on the dlsplay panel 112 in which the bllue sub-inmage i's generate and the
beam b[ israge display system fpr genenating an imageote benprojectad and provided| with etileast anee

P om0 Sulfy Bhtely B HreRicttfens Sisaof ity dfc ihed Pimed By he"

di chsoi ﬁ:d@erdiﬂﬂa}l stffiion'n prijéctionscidif, ERitaterEd B thabEh! iffuhhatibh ddvieliey

panel 110. The red sub-image is gener at ed in th| S panel - The beam b[err]
device as claimed in any one of Claims-1 to 16.

18. An image projection apparatus as clalmed in Claim 17 for projecting color
images, characterized in that the i m_age display system comprises color-selectlve beam .
splitters for splitting the beam into three differently colored sub-beams and a separate image
20 display panel for each sub-beam, as well as beam-recombining means for combining the sub-
beams coming from the image display panels to one color beam. '
‘19. - A color image projection apparatus provided with three color channels
..each comprising an ﬂlummat:on device and an image display panel, a beam- -recombining
system for combining the beams coming from the color- channels to one color beam, and a
25 projection lens system for i magmg the image dlsplay panels on a projection screen,
charactenzedmthateachﬂlummanondevwelsademasclmmedmanyoneofCla:ms1
to 16. '
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25 nodulated with the red image information is reflected to the dichroic

cross 115. TWO9§B3RA beam conponent b[err] passed by the m rr ACTABIS/G0418
dul ated by the green i mage display panel 111 and reflected as beam

conponent b[err] to the dichroic cross 115. Since the dichroic mrrors 116

and 117 reflect the returning beam conp ts b[err] and b[err] and pass

t he beam conponent bf[err], these beanycqﬂggnents are conbined in one beam

b[err] which is 30, nodul ated with t color image ¢nformatign. The

pol ari zer 10 and tﬁe anal yser 11 are preferably arranged betazen t he

illumination systemA and the inmagg.di gl ay system and betwegq the inmage

di splay system and the projectiongl efif faystem respectively, jdo that these

el enents si mul, t ont ts and]a separate
system of sucH el ements nded ; 95/ 33322
PCT/IBQS/OOQtE 16 _col or cdqnponen *' riven réfl ectifje g?gzigr
crystal imagt [di splay pan I's dpgqr al 1afUni ted St at ent
no. 4,239,346.} In the col " : n appar at usj]a W

pol ari zati on-s npS s Stead {ff the
conposite prism 105, so that thH{) b&ads cantibe perpendicularquincident on
the i mage di splay panels. The pol at+zeati on- sensi thEGnmm spl®tter ensures
that only light having a given di rectli on of pol arli zeW.oh is reflected or
passed to a display panel, and that of the light reflected by the panel
only the conponent having a direction of polarization which is _
perpendi cul ar to the direction of poﬁghization of the incident 10 beamis
passed or reflected to the prqjeci sy aenl The

pol ari zati on-sensitive beam ﬁ' § ions as a converter from
pol ari zati on nodul ati on to i nj&nsi t $<m0g . Instead of an inmage

? ol or. i mage projection
nge _di spl ay ﬁysten1'

27

29

b FIG.2




havi ng only one inmage di splay panel, viz. a conposite or color panel. This
col or panel Wﬁ’e“?“?“ﬁ%ﬂ conprises a nunber of pixels which.is, foRCEBVINMGS
thfee tines as |large as the nunber of pixels of a nonochrone panel. The

pi xel s of the color panel are arranged in accordance with three groups with
which a red, a green and a bl ue sub-pizzgge, respectively, is generated. A
pi xel of each of the groups is each ti ssociated with a pixel on the
proj ection screen. For exanple, a separate color filter is then placed in
front of each pixel, which color filter passes 20 the desired color only -
for the relevant pixel. The color panel may be a Zggnsnissive panel in
which the col or image projection apparatus is then nstructed, for exanple
as shown in Fig. 6. If the color panel is43 refd-g4tive panel, the color

i mage projection apparatus y be cons for exanple as shown in Fig.
12, in which the colo™ipane? is placed a € iti@'rl:t f the nonochrone
panel 25 111, while thg pangls 11Q and 147 NE as YWhe dichroic cross
115 have been omitted. |Fig. 13 sh vl Liri 4 fiAglie '(:Flgn vi ew a col or

i mage projection device having three colA chafirjel s , 7421 and 122 for
the primary col ors grgg¢m—broe—ane— especirtvery=- k--ef these col or
channel s conprises an illumnation s ednA-ac;qrdingﬂt the invention, a -
| ens 73 and a transm ssive inage di 4y lpanel ||T11. ~Fpgpepel enents are 30
shown in the green channel 120. For the dther fiHannel & Jgﬁresponding

el ements are arranged in the sanme way, IrOireniIydcdibdr ed beans
blerr], b[err] and b[err] nodul ated w tijThe THEge TN grmation are conbi ned

to one beam b[err] by, for exanple a dichroic cross 115, which beamis
projected by the projection | ens system C on a display screen (not shown).
The il lum nation system according to the inye yjznot only be used
WD 95/ 33222 'PCT/ | B95/ 00418
17 for illumnating a liquid crystal inagg , but also for
illum nating an i mage displ ay systenli% e of a cathode ray
tube in conbination with a 2

FI16.5

67

73

Flg6-



phot oconducting | ayer and a layer of liquid crystalline material, which

i mage di spl #O9H832M i s described in United States Patent no. PEATABISAPAIB 5
The invention may generally be used in those cases where a non-round obj ect
isto beillumnated with Iight having a given state of polarization and
where very efficient use nust be nade of'ige radi ati on supplied by a

radi ati on source. WD 95/ 33222 _ 3 .

PCT/ 1 B95/ 00418 18 d ai ms: 1. An illum nation device for
supplying a beamof linearly polarized |light having a non-rotationally
symmetri cal beam cross-section at the | ocation of an object to be

illum nated, said device conprising a light source, a reflector, an optical
integrator for formng said beam cross-section and for realising a uniform
i ght distribution across the beam5 cross-section, and a pol ari zi ng
system for converting the light supplied by the source into linearly

pol ari zed light, characterized in that the polarizing systen1i§5arranged in
the radiation path in front of the optical integrator. 2. == An
illum nation device as clained in aim1l, characterized in efrat=<e=

converging lens is arranged between the |ight source and the}ﬁ&% ng
system 10 ' 3. & : ionlsjtev%e as claitdddAn daim1
S by

or 2, in which by !
flfing t he beaml’

]
e pollalizing System

pol ari zati on-s itive peamsplitter

differently disSIp-Deams . 0 of whi ch=s=urrekt |y
suitable to ' duIaQe- By e i mage di \ m and a
pol ari zati on~Fot & el ement for convertidg 95h® &gcond sub-beaminto a

beam havi ng t he Bhne sthte of porarizatioalas the Tirst sub-beam 15
characterized in that Bhe pol ari zation-sensitive beamsplitter conprises an
oriented | ayer of birefringent: material, in that the sub-beans traverse the
sanme path | ength through the beamsplitter, and in that the beans
energing fromthe assenbly of -beamsplitter and FWTS.7P




pélarization-rotating el ement jointly forma beam having a round

Cr0Ss-sect i OW0D 94/33222 An il lum nation device as cl aircIiBsI00d1%i M
3§ characterized in that the 20 beamsplitter conprises a first prism
haV|ng a first face parallel to the chief ray of the illum nation beam

incident on the beamsplitter, and a second prismhaving a first face
parallel to the chief ray, which prisnsAhﬁ the same refractive index, in
that the layer of birefringen 4water|al I's located between the first faces
of the prism while one of th efrfntlve-indices of said material is
approxi mately equal to that of '“‘\ ms, in that a 25 second and a third
face of the first prism mhlc ‘ at an equally | arge but
opposite angle to the first . ' the entrance face and a first
exit face, respectively, of L/ plltter, and in that a second face of
t he second prism which fac: 91 to the second face of the first

prism constitutes a second : ,/, of the bea i ther. 5. '

An illumnation device as cl , Claim4, ch zed in that the

WD 95/ 33222 19 polarlzatlon-‘v V|ng el enent is arranged on one of the exit
faces of the beamsplitter. 6. : An illum nation device as
claimed in Caim4 or 5, charactetd in that the birefringent material is
aliquid crystalline materia : An illumnation device as
claimed in Claim4 or 5, ch gga i1z684i n at 5 the layer of birefringent
material is a birefringen a he5|v€ @ - _ An il lum nation
device as clained in d ai 1aracte'|zed’m t hat the adhesive layer is a
uni axi al ly oriented poly 55@ayer559. 95 §L}h An illunination device
as clained in Caim$8, dparactetized |1 t hat pol ymer |ayer is forned

An illum nation device a B md®?h C characterized in that the

froma cured liquid crys bbine one éﬁﬁquiition. 10 ‘10.

beam splitter has a | ayer\yvefrehélesterte—yatMri al placed at an angl e of
approximately 45[err] to 55 5510 -
| s R F16.10
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k
the principal axis, which layer splits the illumnation beaminto a first,

refl ected suWOMSBRB circul arl y pol arized |ight having a firsRCHIBISEWMISN
_ofyrotation and a second, on-gai ng sub-beam of circularly polarized Iight
havi ng a second, opposite direction of rotation and is further 15 provided
with a first reflector arranged in the ggis of the first sub-beam which
reflector-is parallel to the principal , and a second refl ector which
is arranged in the path of the second sub-beam at an angl e of approxi mately
90 to the cholesteric layer, and in that one of the reflectors reverses the
direction of rotation of the sub-beamincident thereon. 11. An
illumnation device as clainmed in arfy one pf Cains 1 to 10, 20
characterized in that the optical irtegratpA successively conprises a first

| ens plate provided mﬁth;g plurality of fifSt |enses which, in a plane

per pendi cular to the pri iam energing fromthe - :

| a
pol ari zi ng system hav ‘ﬁgﬁ 0 ' first direction and a uniform
hei ght in a second dBR&cH "i%é ' 8Nthe first directigp, and a
second | ens plate proviyle h ' , the nunber of
which is proporti &onb h; the fif$t |lens
plate dividing t I\ ght Eub- beans
proportional to t D bt heir
beam wai st in tlh . 5 are
directed to the c ) magi ng t he
radi ati on spots ] on 109 etdy plate in i nposedl| manner on
t he obj ect plane beRE,BFYi nated or on a plane conj ugat ed{{herew t h,

and in that the aspect ret=g=ef the first |enses corresponds toajuu of the

obj ect plane. 12. 112 An illum nation device as claimed¥ n Caim
11, characterized in that at |east one of the |lenhses of at |east one of the
|l ens plates is aspherical. 13. An il lum nation device as

clained in Caim1l or 12, characterized in tF§1[5 TQP 95/ 33222
PCT/ | B95/ 00418 20 : . .
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(54) Title: /élGH-EFFICIENCY ILLUMINATION DEVICE AND IMAGE PROJECTION APPARATUS COMPRISING SUCH A
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. An illumination device for supplymg a beam of linearly polanzed light having a non-rotanonall symmetrical cross section at the
location of an object to be illuminated is described, which device comprises a light source (50), a mﬂector (80), an optical integrator (54,
82) for forming said beam cross section and for realizing a uniform light distribution across the beam cross section, and a polanzmg system
(20, 31) for converting the light supplied by the source into linearly polarized light. Since the polarizing system is arranged in the radiation
path in front of the optical integrator, the device can be implemented with a small number of components and in a compact manner. The
device may be used to great advantage i in an image projectlon apparatus.
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