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High-efficiency illumination device and image projection apparatus comprising such a device. 

The invention relates to an illumination device for supplying a beam of 

linearly polarized light having a non-rotationally symmetrical beam cross-section at the . 

location of an object to be illuminated, said device comprising a light source, a reflector, an 

optical integrator for forming said beam cross-section and for realising a uniform light 

S distribution across the beam cross-section, and a polarizing system for converting the source 

light into linearly polarized light • 

. The invention also relates to an image projection apparatus comprising 

such an illumination device. 

The term. image projection apparatus should be considered to have a wide 

10 meaning and comprises an appara~ for displaying, for example a video image, a graphic 

image, numerical information or a combination thereof. The images may be both 

monochrome and color images. In the latter case the apparatus comprises an image display 

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 bas 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 having a uniform 

20 intensity can be projected on a projection screen by means of an image projection apparatus 

comprising this device. This is achieved by passing the light beam. emitted by the source 

through an. optical integrator comprising a first lens plate having a plurality of first lenses 

whose height-width ratio corresponds to that o_f 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 fll'St split 

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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subsequently these sub-beams are CQmbined again after Otte Of the sub-beams has undergone 

a polarization rotation so that its direction of polarization is the s~e as that of the other sub­

beam. Also as regards the polarization, all light from the source can thus be used for 

illuminating the LCD panel. 

In most embodiments of the known illumination device the second lens 

plate must be imaged in or near the exit pl8ne of the polarizing system, for which image a 

plurality of lenses is required and, moreover, a given distance between this lens plate and the 

polarization system is necessary. 

US Patent 5,184,248 shows an emb6dbnent in Fig. 31 in which the · 

10 · polarizing system is directly arranged behind the optieaf integrator and in which no lens 

system for imaging the second integrator plate is present on the polarizing system, so that 

this embodiment· is shorter and comprises fewer comporients than the other embodiments. 4 
However, the different embodiment supplies a beam having a larger cross-section than that 

which is supplied by the other embodimentS~· so·tbat, for example the projection lens system 
. . 

15 . must have a latge aperture when this embodiment is wi~ ~ an image projection apparatus .. 

Moreover, in the devices described in US Patent 5,184,248 the lens plates should have 

relatively large dimensionS and therefore be arranged ai a relatively large distance from each 
other, because the optical integrator js arranged in ·a beam having a teladvely large cross­

section. 

20 It is an object of the present illveiltion to provide· an illumination device· of 

the· type described ill the opening paragraph, which device is considel'Bbly smaller arid 

compri5es fewer optical elements ·than the known device, while the cross-section· of the · 

supplied beam nevertheless remains limited. 

The device according to the invention is Characterized in that the 

25 polarizing system is arranged in the radiation path in· front of the optical integrator, 

In this dem, lens plates having ·a ctoSs-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 incide!lt·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 optimum extent and for obtaining the desired polarized 

light, the construction length of the image projection apparatus need not be extended. 

It ·is essential for the device· according to the invention th2it the beam 
incident on the 0ptical integrator is a converging beam. Such a beam can be obtained by 
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giving the reflector such 'i''shape that it has a converging effect. This reflector is, for 

example elliptical. 

However, the device may be further characterized in that a converging 

lens is arranged between the light source and ,the polarizing system. 

S This lens can take over the converging action of the reflector, or it may 

10 

add a converging action to that of the reflector so that· the distance between the light source· 

and the polarizing system can be reduced. If the reflector Iieed not be converging, it can be 

optimized for other aspects, for example, the reflector may then be a paraboloid or a 

. hyperboloid~ Such surfaces can easily be provided with a layer having a high reflection. 

The polarizing system preferably comprises the combination of a 

polarization-sensitive beam-splitting prism developed by the Applicant and a polarization 

rotator, of which combination different embodiment8 are described in claims 2-10. These 

embodiments are known per se from US Patent 5,184,248 in which also the operation and 

advantages of these embodiments have been described. These advantages are maintained 

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 light 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 desciibed 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 illumination device according to the invention. 

· The invention also relates to an image projection apparatus comprising an 

illumination 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 

c~cterized in that the illumination device is implemented as described hereinbefore. 

·A preferred embodiment of this apparatus for projecting color images is 

further characterized in that the image display system comprises color-selective beam splitters 

for splitting the beam into three differently coiored sub-beams and a separate image display 



W095/33ll2 PCl'/IB95/00418 

4 

panel for each sub-beam, as wen as beam-recombining means for combining the sub-beams 

coming from the image display panels to one color beam. 

An alternative embodiment of .the. color image projection apparatus is 

provided with three color channels each comprising an illumination device according to the 

5 invention. 

10 

15 

These and other aspects of the· invention will now be apparent from and 

elucidated. with reference to the embodiments deseribed hereinafter. 

In the drawings 

Fig .. 1 shows the diagram of'an image projection device, 

Fig. 2 shows a first embodiment of a beam splitter for use in an 

illumination device according to the invention, 

Fig. 3 shows the operation of this beam splitter~ 

Fig. 4 shows this beam splitter with a polarization rotator on one of the 

exit faces, 

Fig. S ·shows a second embodiltlent of a beam spiitter, 

Fig. 6 shows a known illumination device in a perspective view, 

Fig. 7 shows an embodiment of the· Ulumination 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 perspective front and rear vie\vs, respectively of the 

fifst lens plate of the optical integrator, 

Fig.· 11 shows an embodiment of a·color·image projection apparatus 

comprising one il)nminarion device and tran$missive image display panels, 

Fig. 12 shows an embodimeilt of a color image projection apparatus 

25 comprising one illumimtion device and reflective image display. panels, and 

Fig. 13 shows a color image projection apparatus comprising sepa"rate 

illumination devices for each color cbannel. 

In Fig. l, the block A represents an illumination device which emits a 

light beam b whose principal axis cohicides with ·the optical axis 00' 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 ·cor LCD panel). Such a panel comprises a layer of liquid crystalline · 

materiai 4, for example of the nematie type which is enclosed between two transparent, for 

example glass plates 2· and 3. Drive electrodes S and 6 are amnged on each of these plates. 

i 
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These electrodes may be diyided into a large nuniber of rows and columns defining a large 

number of pixels in the image display panel. The different pixels are then driven by driving 

the matrix electrodes, as is diagrammatically shown by means of the drive terminals 7 and 8. 

An electric field can thus be applied across the liquid crystalline material 4 at the desired 

5 positions. Such an electric field causes a change of the effective refractive index· of the 

· material 4 so that the light which passes through a given pixel is subjected or not subjected to 

a rotation of the direction of polarization, dependent on the absence or presence of a local · 

· electric field at the location of the rele"ant pixel. 

Instead of this passive-drive image display panel, an active-drive panel 

10 may be used. In the latter image display panel one of the supporting plates comprises an 

electrode while the other plate is provided with the semiconductor drive electronics. Each 

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 parallel 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 pix°els which are energii.ed 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-energized pixels, which rotate the direction ·of polarization of the beam 

through 90°, i$ 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 panel 1 on a 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 dispersive panel, for 
. ' 

example a PDLC (Polynier Dispersed Liquid Crystal) panel which is preceded by a polarizer 

30 and succeeded by an analyser, 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 303 of the radiation incident on a monochrome panel and only 

103 of the radiation incident on a color panel is passed to the projection lens system. 
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Moreover, this system images the panel in ~ magnified fonn so that the ill'umination' beam 

should have a· large intensity if there is to be a sufficient radiation intensity per surface unit 

on the screen·; The use of a light source in the fotm of a lamp having a higher. iilten5ity only 

provides limited advantages. In fact, lamps having a· higher light intensity also generally have 

5 a larger radiating surface in the fonn of a lamp arc so that. the exit aperture of the 

illumiriation system will ·be larger. If. the beam apenure is reduced so as to limit the 

dimensions of the subsequent optical components in the projection apparatus, a portion of the 

light energy would be lost again. It is therefore desirable to capture ·and use as much·· light 

from the lamp as possible and to concentrate it in a narrow ·beam. A further requirement is 

10 that the cross-section of this beam is adapted as·· satisfactorily as possible to the rectangular 

shape of the image· display panel ·so that a minimum quantity of light ·is incident alongside 

this panel. 

To satisfy these requirements, a number of measures have bCen taken in 

the device described in US Patent 5~184,248. First, the.two polarization components of the 

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 light beam incident on the LCD panel has a specific 

. cross-section. 

Fig. 2 shows the polarization-sensitive beam splitter in a cross-section. 

20 This beam.splitter 20 comprises two prisms 21and25 of, for example glass and a 

birefringent layer 27. 'Ibis layer consists of, for example a liquid crystalline material. The 

ordiilary refractive index n., is subsrantiaJJy always equal to 1.5, w~e the extraordinary 

refractive index ·ne· may have a value of between 1.6 and 1.8, dependent on the composition 

of the layer 27. Orientation layers 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. Ithasbeen ensuted tbat the refraCtive 

index n1 of the prism material· is equal to De of the layer· 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 me drawing in Fig. 2. For the S-polarized 

f 
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component, whose direction of polarization is transverse to the plane of incidence, the 

extraordinary refractive index of·the layer 27 holds so that this cc;>mponent does not have any· 

refractive index difference upon passage through the beam splitter and successively traverses 

the prism 21, the layer 27 and the prism 25 in the original direction. 

The critical angle </>1 for the P-component is given by sin 'Pl = no 
n1 

or: 'Pl = arcsin no. so that it should hold for the angle of incidence q, that: q, > arcsin n°, 
n1 ni 

if the P-component is to be reflected completely. Also if the extraordinary refractive index Ile 

of the layer 27 is not equal to n1 of the prism material, the -S-component is completely passed 

as long as the angle of· incidence <P is smaller than the critical angle "'2 for which it holds 

10 that: 

n . n 
sin 'P2 = .....! or 'P2 = arcsin .....! • The full condition for the angle of incidence q, for 

n1 n1 . 

obtaining the division by the layer 27 thus is: 

15 ( ) . n0 . • n, ( .) 
'Pl = arcsm - < 'fJ < arcsm - = 'fJ2 . n1 . n1 

The angles q,1 and "'2 are shown in Fig. 2. 

The refractive index difference 4n = u_ - n., of liquid crystalline material 

may be large so that the beam splitter 20 is suitable for a large area ( "'2 - t/>1) of angles of 

incidence q,. 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 polaril.ation-separating efficiency for a large 

wavelength 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 refractive index equal to n. of the layer 27 is provided. These walls should 

then have the same refractive index as the liquid or synthetic material, which materials 
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should not have any depolarizing. effects. 

Instead of a.liquid crystalline layer, a birefringent adhesive layer is 

preferably used as a polarization-separating layer in the bea1n splitter of Fig. 2. As compared 

with a beam splitter ~ving a liquid crystalline layer, ,a .~ splitter having a birefringent 

5 adhesive layer has the advantages of an easier construction and less temperarure dependence, 

better resistanee to higher tem:Perarures and more possibilities of matching the refractive . 

index of the layer and those of the prisms. 

The birefringent adhesive layer is preferably a uniaxial~y oriented polymer 

layer. The desired orientation can be obtained, for example by rubbing the prism surfaces 

10 between which the layer must be provided in one direction, whereby it is practical. if a layer 

of polyimide is provicled on the- surfaces to be rubbed. . 

A very temperature-resistant beam splitter is the beam splitter in which 

the polymer layer has a cured liquid crystalline monomer composition. 

Fig. 3 shows how an illumination beam b incident on the beam splitter 20 

15 is split by this beam splitter into two linearly, mutu&lly petpendicularly polarized b~ 

_ components bP and b .. Only the chief ray and the two border rays of the illumination beam b, 
. . .· . 

which rays enter the prism 21 through the face 22 are shown. This face is at an angle a to 

the separating layer 27 so that, after refraction by this face, the angle of incidence q, of the 

beam on the layer 27 has a value between the above-mentioned critical angles q,1 and "'2 so 

20 that the P-polarized beam component b, is completely reflected and l~ves the prism 21 via 

the exit face 23. The S-polarized component enters the prism 2S and leaves this prism via the 

exit face 26. The exit faces 23 and 26 are also placed at an angle a to the separating layer 27 

so that the beam components bP and b, have effectively fl'aVersed 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 

components b, and b1 have a round cross-section and are. loeated at different sides of the 

principal axis within a ciJcle 32, as is shown in the right-band part of Fig. 3. 

If, as shown in Fig. 4, a W2 plate 31 is arranged on one of the exit faces, 

for example the face 26, .the direction of polarization of the: component b, is J'.(>tated through 

30 90° so that the beam emerging from the plate 31 is also P-polari7.ed. Linearly polarized light 

which is completely suitable for illumimting the panel 1 ·of Fig. 4 emerges from the 

polarizing system constituted. by the beam splitter_ 20 · and the polarization rotator 31. 

Instead of-a W2 plate, a layer of rotated liquid crystalline material, for 

example a polymer or a plurality of ·uriiaxial birefringent .. layers which. are mutually rotated 

; 
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. can be used as a polanzatipn rotator 31. The polarization rotator may not only be provided 

on an exit face 23 or 26J but also behind such an exit face. . . -·~ . ' ···•. . 

Fig. S shows a second embodiment of a beam splitter. The polarization­

sensitive separating layer 41 of this beam splitter 40 comprises a cholesteric liquid crystalline 

S material. This material may be of the laevorotatory or dexttorotatory type. If the material is 

of the laevorotatory type, the. component which is levocircularly polarized, bc.L• of the 

entering unpolarized beam bis reflected, while the dextrocircularly polarized component bc.R 

is passed. The component bc,R is reflected by a special reflector 42 to the image display 

system (not shown). This reflector does not change the state of polarization of the component 

10 bc,R and comprises, for example a dextrorotatory liquid crystalline material. The reflected 

component bc.L is incident on a normal reflector 43, for example a metal mirror which 

converts the levocircularly polarized light into dextrocircularly polarized light which is 

passed by the layer. 41 and bas the same direction as the component bc,R· The beam b is thus 

converted into two beam components b1 and bz, 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 is smaller than in the case 

where linearly polarized radiation is used. Alternatively, a >J4 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 nonnal 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 SO which emits light both in the 

direction of the image display panel and~ the backward direction (at the left in Fig. 6). A 

30 reflector S 1 is arranged at the rear side of the lamp, which reflector reflec~ the light emitted 

by the lamp to· an optical integra~ in the form of a first lens plate 54 and. a second lens 

plate 57 spaced apart therefrom. The lenses SS of the lens plate 54 divide the incident beam 

into a number of sub-beams corresponding to the number of leDses and ensure that these sub­

beams 1i:ave their beam waist in the plane of the lenses 58 of the second lens plate 57. The 
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number of lenses SS is equal to the mimber of lenses 58: Each of the lenses SS thus images 

the source on an associated lens S8. The lenses 58 have such a power in such a direction that 

they image the radiation· spots fanned on the lens plate 54· in a superimposed manner in an 

intennediate image 60. It is thereby achieved that the illwnination beam has a satisfactory 

5 unifonn distribution in situ, which distribution will be maintained further down the device. 

At the area of the lens plate 57 a source image having a· ·semicircular cross-5ection is 

produced. The intermediate image 60 is an image of the lenses SS and thus has a shape 

which corresponds to that of these lenses. 

A lens system 62 comprising, for example two planoconvex lenses 63 and 

10 64 is arranged behind the intermediate image 60. This lens system images the intermediate 

image 60 at infinity, while it forms an image 65 of the lens plate 57 at the location of the 

prism 20 of the polarizing system .. 

The lens plate 57 and hence its image 65 is preferably semicircular so that 

the prism is filled optmwly. 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. 

In accordance with the present invention thC 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, 51. Fig. 7 shows a cross-section of the novel illumination device. For the 

purpose of comparison, Fig~ 8 shows a cross-section of the known device. In the device of 

·Fig. 8 the ~ifcular lens plate S7 of Fig. 6 is replaced by a cii'cular lens plate 57'. The 

construction length can be slightly shortened by· means of an extra lens 75. A circular lens 

25 image sop· consisting of two halves and being formed with~ for example p-polarized light is. 

produced again behind the prism 20. . . 

The 'illumination device according to the invention (Fig. 7) again 

comprises a lamp SO, a retlettor 80, a polarizing system 2Q, 31 and an Optical integrator 

consisting of two lem plates· 54~ 82. The polarizing system bas the same construction and 

30 operation as described with reference to Figs. 2, 3 and 4 .. Now, instead of one beam having 

·a round cross-section, two sub~beams 86 anc1· 87 each having an intensity decreasing from. 

their centres to the· edge ire produced behind the polarizing. system. This is shown in the 

inset 85 of Fig. 7. The ridiation 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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equalized so that the beam emerging. from the integrator and incident on the image display 

panel has a uniform inte~1ey. This is a further advantage of the device according to the 

invention as compared with that of Fig. 7 in which each half of the image SO'p consists of a . . 
plurality of sub-spots having an intensity decreasing from their Centres to the edges. The 

5 reflector 80 may be an elliptical refleetor in which the lamp:50 is at or close to the first 

focus of this reflector while the first lens plate 54 is arranged in or in the vicinity of the 

second focus because the beam cross-section is smallest at that location. Alternatively, a 

reflector. having a different shape, for example a parabolic reflector may be used, which 

reflector forms a substantially parallel beam of the lamp light. The reflecting surface of a 

10 parabolic reflector is less parallel to the optical axis than that of the elliptic reflector, which 

simplifies the provision of a layer having a high reflection on this surface. When a parabolic 

reflector is used, a lens 81 must be arranged behind the reflector so as to converge the lamp 

light on the first lens plate. It. is alternatively possible to place a lens behind the reflector 

which already converges of itself so as to obtain extra convergence of the beam. The 

15 reflector may alternatively be a hyperbolic reflector or· a combination of said reflectors. 

The side of the first lens plate 54 facing the source is provided with a 

plurality of lenses SS and the other side 56 is preferably plane. Fig. 9 shows this plate in a 

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

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 S9 of this ·plate, which principally bas 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 S 1 forms a lamp image next to the lamp, twice the number of lenses 

SS of the plate 54. For imaging the light source 50 on the corresponding lenses 581 ••• 5810 

25 by means of the different lenses 551, ••• , 5510, eaeh time a different portion of the beam 

incident on the lens plate S4 is used. The lenses 551 • • • 5510 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 forined 

30 on the lenses SS 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 

achieved. that the beam at the location of the object or the intermediate image bas a 

satisfactory uniform intensity distribution. 

The cross-section of the beam at those positions is then adapted to that of 
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the object to be illuminated. The liquid crystal display panels which are used for displaying 

conventional video images hive an aspect ratio b:h = 4:3, in which the width bis the 

dimension in the X direction, of Fig. 6, and the height his the dimension in the Y direction. 

In the embodiment shown in Figs. 9 and 10, the lenses 55 of the plate 54 have the same 

S aspect ratio. It is thereby achieved that all radiation from thtrradiation source unit 50, 80 

passes through the image display panel and that the illumination system has a· high collection 

efficiency. 

The image display panel and the lenses SS may alternatively have a 

different aspect ratio, for example 16:9. 

10 Similarly as in the known device, at least one of the lenses of at least ·one 

· of the lens plates may be aspherical in the novel illumination device. 

An aspherical lens is understood to mean a lens whose fundamental shai>e 

is spherical but whose real shape deviates to· a slight. extent therefrom so as to correct for 

spherical aberrations •of the fundamental• shape. The system efficiency can be improved by 

15 using asphericat lenses in a lens plate. 

The first lenses are further preferably amnged in such a way and have 

such a size that the surface of the first lens plate is approximately equal to the cross-section 

of the illumination beam incident thereon. 

Then, a maximum quantity· of the light emitted by the source and collected 

20 by the reflector is received. 

The diameter of the first lens plate may be different from that of the 

second lens plate. If the illumination device is, however, implemented in such a way that 

these diameters are equal, likewise as the shape and dimensions of the first and second 

lenses, only one type of lens plate is to be used so that the device may be made· at a lower 

25 cost and its aisembly 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 efficiency of the 

illumination device is enhanc.ed. 

30 The lenses of the first and second lens plates may not only be provided on 

the sides 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. 

When a lens plate is preceded or succeeded by a lens, this· lens and the 

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

c 
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S, 184,248 and as described in this Patent. 

Moreover; as is shown in fig. 19 of us··Patent 5,184,248, the lens-

. supporting surface of the first lens plate may be curved so as to achieve that the intensity of 

the illumination beam on the image display panel is smaller at the edge of the beam than in 

5 the middle so as to obtain a more natural image on the projection screen, as has been 

described in US Patent 5,184,248. 

Since in the device according to the invention the second lens plate 57 is 

no longer imaged behind or in fro1_1t of the prism 20, the number of components in and the 

· length of this device is smaller than in the known device. Since, moreover, the beam incident 

10 on the optical integrator has a smaller cross-section than in the known device, the integrator 

plates are smaller and these plates can be arranged closer together so that the build-in length 

is reduced. 

Fig. 11 shows an embodiment of a color projection television apparatus in 

which the illumination device according to the inV~tion can be used to great advantage. 

15 This· apparatus comprises three main sections: the illumination system A, 

the image display sy_stem B and the projection lens system C, for example a zoom lens .. The 

principal axis 00' 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 ax~ EE' of the 

20 projection lens system. 

The beam from the illwnination system A is inCident on a color-selective 

reflector 90, for example a dicbroic mirror which reflects, for example the blue color 

component ba and passes the rest of the beam. This beam portion reaches a second color­

selective reflector 91 which reflects the green color component b0 and passes the remaining 

25 . red color component ·ba. 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 viti a color­

selective retl~or. 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 b0 traverses a 

second display panel 97 where it is modulated with the green image component and is then 

successively reflected to the projection lens system C by the color-selective reflectors 94 and 
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95. The red beam ha traverses a third display panel 98 where it is modulated with· the red 

image component and subsequently reaches the projection lens system via the color-selective 

reflector 95. 

The blue, red and green beams are superimposed at the input of this lens 

5 system· so that a· color image is produced at this input which is imaged in a magnified fonn 

by this system on a projection screen not shown in Fig. 11. 

The optical path lengths between the output of the illumination system A 

and each of the display panels 96, 97 and 98 are preferably equal so that the cross-sections 

of the beams b8 , b0 and ~ are equal at the location of their display panel. The optical path 

10 lengths between the display panels 96, 97 and98 and theenttance pupil of the projection 

lens system are also preferably equal so that the differently, colored scenes are satisfactorily 

superimposed on the projectfon screen. 

Each of the lenses 99, 100 and 101 arranged in front of the image display 

panels 96, 98 and 98 correspc;>nds to the lens 73 in Fig ... 6 and ensures that all radiation 

15 coming from the exit face of the illumination system is concentrated in the entrance pupil 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 

sy8tem according to the invention is split into three differently colored beams bR, b0 and bn 
20 by a dichroic cross 115 constituted by two dichroic mirrors 116 and 117. 

The projection lens system C, shown by ~ of a single lens in this 

Figure, can only receive radiation of the.beam bu reflected by the image display panels and 

no radiation of the beam boN supplied by the illumination system. 

In order to realise that the beams· boN and· bu are sufflciently 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 

Dm of the prism material·(Dm is, for example 1.S) is larger than the refractive index, n1, of air 
. . . . 

30 (n1 = 1.0)_, a radiation beam incident on the interface between the prism and ·air at an angle 

ei whi~ is larger·than or equal to the critical angle e, for which it holds that 

.. 0 n, 
sm g = -. n· 

Ill 

C·· 
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will be totally reflected. Upon incidence on the interface at an angle smaller than the critical 

angle, the beam is completely passed. In the embodiment of Fig. 12 the refractive index of 

the prisms 106 and 107 and the orientation of the air layer 108 are chosen to be such that the 

beam boN coming from the illumination system A is totally reflected by the interface 106, 

5 108 towards the display system and the beam bRE coming from this system is completely 

passed by this interface. The angle of incidence of the beam boN and the beam bRE on the 

interface is to this end larger or smaller, reSpectively, than the critical angle. 

The prism system causes the chief ray of the beam bRE to extend at a large 

angle, which may be proXimate to 90°, to that of the beam boN· Consequently, the projection 

1 O lens system C can be placed close· to the display system so that ·the length. of the image 

· projection device may be considerably smaller than in the absence of the prism system. 

It is alternatively possible to choose the orientation of the interface 106, 

108 With respect tO the directions Of the beams boN and bRE in suCb a Way that the beam boN 

is passed to the display system, which is then present under the prism system, and the beam . . . 
15 bRE is reflected towards the projection lens system C. When color beam projection is _used, 

· the latter set;.up provides the· advantage that fewer color aberrations occur in the modulated 

beam bRE. 

In Fig. 12 the beam boN reflected by the interface 106, 108 is incident on 

a first dichroic mirror 116 which reflects, for example blue· light. The blue component boN.B · 

20 is ·incident on the display panel 112 in which the blue sub-image is generated and the beam 

bu.a 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 to 

the display paqel 110. The red sub-image is generated in this panel. The beam bRE,R 

25 modulated with the red image information is reflected to the dichroic cross 115. The green 

beam component boN,G passed by the· mirror 117 is modulated by the green image display 

panel 111 and reflected as beam component bu.a to _the dichroic cross 115. Since the 

dicbroic mirrors 116 and 117 reflect the returning beam components bu.a and bu.R and pass 

the beam comp<>nent bRE,0 , these· beam components are combined in one ·beam bu which is 

30 modulated with the color image information. 

The polarizer 10 and the analyser 11 are preferably arranged between the . 

illumination 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 separite system of such elements need not be used for each 
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color component. 

A directly driven reflective liquid crystal image display panel is de$cribed 

in inter alia United States Patent no. 4,239,346 .. 

In the color image projection apparatus a polarization-sensitive beam 

5 splitter may be used instead of the composite prism 105, so tblt the beams can be 

perpendicularly incident on the image display panels. Ttte polarization-sensitive beam splitter 

ensures that only light having a given direction of polarization. is reflected or passed to a 

display panel, and that of the light reflected by the panel only the component having a 

direction of polarization which is perpendicular to the direction of polarization of the incident 

10 beam is passed or reflected to the projection lens system~ The. polarization-sensitive. beam 

splitter also functions as a converter from polarization niodulation to intensity modulation. 

Instead of an image display system.having three.monochrome panels, the 

color image projection apparatus may alternatively be .provided with an image. display .system 

having only one image display panel, vb:. a composite or e;olor panel.. This color p~l then 

15 · comprises a number of pixels which is, for example three times as large as the number of 

pixels of a monoc~. panel. The pixels of the colo~ panel are manged in acco~ 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 projection screen. For 

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

20 the desired color only for the relc:vant pixel. 

The color panel may be a .tnmsinissive panel in which 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 color panel is placed at the position of the monochrome panel 

25 111, while the panels 110.and 112 as well as the dichroic cross llS have been omitted. 

Fig. 13 shows in a diagrammatic plan view. a color image projection 

device.having three color channels 120, 121and122.for the primary colors green, blue and 

red, respectively.· Each of these color chBnnels cmnprises an illumination system A. according 

to the invention, a leJIS 73 and a transmissive image display panel 111. These elements are 

30 shown in the. green channel 120. For the other channels ~rresponding elements are amnged 

in the same way. The differently colored beams. b0 , ba and ba modulated with the image 

information are combined to one beam bu by, for example; a dicbroic cross llS, which beam 

is projected by the projection lens system C on a display·~ (not shown). 

The illumination system according to the invention may not only be used 
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for illuminating a liquid crystal image display panel, but also for illuminating an image 

display system in which use is made of a cathode ray tube in co~bination with a 

photoconducting layer and a layer of liquid crystalline material, which image display system 

is described in United States Patent no. 4, 127 ,322. 

5 The invention may generally be used in those cases where a non-round 

object is to be illuminated with light having a given state of polarization and where very 

efficient use must be made of the radiation supplied by a radiation source. 
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Claims: 

1111111111111111111 tlllUUHl · . 
I . * < "C · ,· l. M S• ·~ · 

1. An ilbunination device for supplying· a.·.beam of linearly polarized light 

having a non~rotationally symmetrical beam cross-section at the location of an objeet to be 

illuminated, said device comprising a light source, a reflector, an optical integrator for. 

forming said beam cross-section and for realising a uniform ·light distribution across the beam 

5 cross-5ection, and a polarizing system for converting the light supplied by the source into 

linearly polarized light, characterized in that the polarizing system is arranged in the 

radiation path in fiont of the optical integrator. 

2. An illumination device as claimed in Claim l, characterized in that a 

converging lens is arranged between the light source and the polarizing system. 

10 3. · An illumination device as·claimed in Claim 1 or 2, in which the 

polarizing system is constituted by a polarization-sensitive beam splitter for splitting the beam 

into two differently polarized sub-beams, the first sub-beam of which is directly suitable to 

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

the secoiid sub-beam into a beam having the same state ~f pQlarization as the first sub-beani, 

15 characterized in that the polarization-sensitive bean\ 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 

. polarization-rotating 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 me 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 approximately equal to that of the prisms, in that a 

25 8ecoild and a third face of the first prism, which faces extend at an equally large but opposite 

angle to the first face constit1:1te 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. 

s. An illumination device as claimed in Claim 4, characterized in that the 

{ 
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polarization-rotating element is arranged on·one of the exit faces of the beam splitter. 

6. An m4•tion device as claimed in Cfaun 4 or S, characterized in that 

the birefringent material is a liquid crystalline material. 

7. An illumination device as claimed in Claim 4 or 5, characterized in that 

S the layer of birefringent material is a birefringent adhesive layer. 

8. An illumination device as claimed in Claim 7, characterized in that the 
adhesive layer is a uniaxially oriented polymer layer. 

9. An illumination device as claimed in Claim 8, characterized in that the 

polymer layer is formed from a ·cured liquid crystalline monomer composition. 

10 10. An illumination device as claimed in Claim l, characterized in that the 

beam splitter has a layer of cholesteric material placed at an angle of approximately 45 ° to 

the principal axis, which layer splits the.illumination beam into a first, reflected sub-beam of 

circularly polarized light having a first directio~ of rotation and a second, on-going sub-beam 

·of circularly polarized light having a second, opposite direction of rotation and is further 

15 provided with a first reflector arranged in the path of the first sub-beam, which reflector ·is 

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 qiat the optical integratOr successively comprises a fir$t 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 0n 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. 

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, cbaractetjzed in that 
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the number of· first lenses is equal ·to the number of secori.d lenses. 

14. . An illumination device as claimed in Claim ll~ 12 or 13, characterized in 

that the first lenses have such a size and are arranged in such a way that the surface area of 

the first lens plate is approximately equal to the cross ... sectfon of the beam incident thereon. 

5 15. An illumination device as claimed in Claim ll, 12, 13 or 14, 

char8cterized in that the first lens plate is amnged in. a ·plane in which a first image of the 

light source is formed and in that said image is re-imaged by the second lens plate on the 

object plane to be illuminated. 

16. An illumination device as claimed in Claim 11, 12, 13 or 14, 

10 · characterized in that a. demagnified image of the light source is formed on each of the second 

lenses. 

17. An image projection apparatus comprising an illumination device, an 

· image display system for generating an image to be projected and provided with at least one 

image display panel, and a· projection Jem· system for projecting the image formed by the 

15 image display system on a projection screen, characteii7.ed in that the illumination device is a 

device as claimed in any one of Claims··· I to 16~ 

18. An image projection apparatus as claimed in Claim 17 for projecting color 

images, characterized· in that the image display system comprises color-selective 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-recombiDing means for combining the sub­

beams coming from the image display. panels to one· color beam. 

19. A color image projection apparat1JS·provi~ with.three color channels 

each comprising an illumination device and an image display panel, a beam-recombining 

system for combining the beams coming ·from the color·cbannels to one color beam, and a 

25 ·projection lens system for imaging the image· display. panels on a projection screen, 

characterized in· tbi.t each illumination device is a device as claimed in any one of Claims 1 

to 16. 

f . 


