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. Polarizing element. 

The invention relates to a polarizing element having a first layer: for 

influencing the direction of at least one of the polarif.ation components of an unpolari7.ed 
beam incident on the element, which components have diffemJt directions of po1ari7.ation. 

The invention also relates to an image projection device in which at least 

S one of the polarizers surrounding the image display panel is implemented as the first or the 

second layer of a polarizing element in accordance with the invention, and to an image 

projection device in which the first polarizer or the image display panel, together with the 

polarizer and the analyzer. is implemented as a polarizing element in accordance with the 
invention. 

10 

To polarize an unpolarized beam, use may be made of all kinds of 

polarizers. One of the best known types is an absorbing polarizer which absorbs the 
unwanted direction of polarimtion. A drawback of such a polarizer is that approximately 
509' of the intensity of the unpolarized beam is lost. Moreover, when a high-power radiation 

15 source is used, for example in image projection devices, the polarizer may be considerably 
heated, which may be harmful for the material from which the polarizer is made and will 

lead to degradation of the polarizer. To eliminate the ~fut effect of this heating as much 
as possible, expensive cooling systems are to be provided which also detrimentally influence 
the compactness of the device. 

20 Another type of polarizer is a polarizing element of the type described in 
the opening paragraph and is known, for example from British Patent Application OB 2 166 
562. The polarizing element described in this Application consists of a layer in which areas 
comprising a liquid crystalline material and areas comprising a transparent isotropic material 
alternate with each other in a direction located in the plane of the layer. The structure thus 

25 fonned may be considered as a diffraction grating. The major axis of the molecules of the 
liquid crystalline material is directed parallel to the grooves of the diffraction grating. By 
providing electrodes on the substrates between which the diffraction grating is formed, the 

orientation of the liquid crystalline molecules, and hence the direction of the diffraction to 

which light incident on the element is subjected, may be changed. Such a polarizer passes the 
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desired direction of polarization and refracts the unwanted direction of polarization from the 

light path. 

The risk of damage of this type of polarizer is much smaller because the 

unwanted light is no longer absorbed by the polari7.er. However, such a polarizer still has the 

S drawback that substantially half the intensity of an unpolarized beam incident on the element 

is lost because the unwanted direction of polarization is refracted from the original beam~ 

When such an· element is used as a polarizer in a device in which a high brightness· of the· 

images is desirable, as in, for example an image projection device, the use of a high-power 

light source is still desimble. However, such a light source consumes a relatively large 

10 amount of current and dissipates relatively much heat in the device so that cooling measures 

are still to be taken. 

It is an object of the present invention to provide a polarizing element in 

which the greater part of the unpolarized light beam is converted into light having the 

· 15 suitable direction of polarization, while the risk of damage of the element due to heat is 

relatively small and the cooling does not require any special attention, which element is, 

moreover, very flat so that a device in which the element is used can be implemented in a 

much more compact way. 

To this end, the polarizing ~ement in accordance with the invention is 

20 characterized in that the element further has a second layer which influences the direction of 

at least one polarized beam incident thereon, and a polarization-rotating layer which is 

present in at least the light path of said polarized beam. 

An unpolarized beam is split up by the first layer into two beam 

components having mutually different directions of polarization, which will propagate in 

25 different directions. The axes of the beam components will therefore ~ndergo a slight 

divergence. 

30 

The second layer ensures that this divergence is reduced again so as to. 

cause a maximal amount of light to fall within the aperture of optical components arranged 

behind the element. 

In the polarization-rotating layer, the phase of at least one beam 

component is retarded so that the direction of polarization of the relevant component will be 

rotated through a given angle. If the unpolarized bt : 11 is split up by the first layer into two 

mutually perpendicularly polarized beam components, and if one of these two components is 

rotated through an angle of 90°, beam components passed by the polarization-rotating layer 

• 
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will substantially have the same direction of polarization. 

Since none of the three components of the polarizing element absorbs a 

noticeable quantity of light, there is substantially no risk of damage due to heat and the . . 

greater part of the unpolarized beam is converted into a p0larized beam having the same 

S direction of polarization~ Consequently, the light source used need not have any extra high 

" power and the cooling does not require any special attentk>;n~ 

IO 

15 

A first embodiment of the polarizing element in accordance with the 

invention is characterized in that the polarimtion-rotating layer is present between the first 

and the second layer. 

The first layer splits up the unpolirized beam into two polarimtion 

components which will propagate in different directions. Both polarization components are 

incident on the polarization-rotating layer which ensures that the components leaving this 

layer substantially have the same direction of polarization. Subsequently, the beam is 

converged by the second layer. 

A further embodiment of the po~rizing element according to the invention 

is characterized in that the first and the second layer are implemented as a succession of first 

and second areas which alternate with each other in a direction located in the plane of said 

layers, and in which one of the areas comprises a birefringent material having refractive 

indices n0 and ne and the other area comprises an isotropic material having a refractive index 

20 nP, in which n0 = nP or De = Dp· 

The direction of polarimtion of the beam components jointly constituting 

the light beam which is incident on the interface between the first and the second areas of the 

first layer can be influenced by choosing a birefringent ll)aterial for the material of the first 

or the second areas, of which one of the refractive indices 00 or ne is equa1 to the refractive 

25 index nP of the isotropic material in the contiguous area. If, fo~ example Do = nP, the 

ordinary beam component will not detect any difference in refractive index at the interface 

between a first and a second area and will consequently be passed unrefracted. whereas the 

beam component having a direction of polarization perJ)endicular to that of t}le transmitted 

beam component, in other words the extraordinary beam component, will be refracted. The 

30 angle through which refraction takes place is determined by the difference between the 

refractive indices of the material of the first and the second area and the angle at which the 

radiation to be polarized is incident on the interface. If De = r;,, the extraordinary beam 

component will be passed by the relevant layer without being refracted, whereas the ordinary 

beam will be refracted. 
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™ lig1e enclosed between the origiDaldirection of propagation of the 

incident beam and the direction of refraction is given by 

'Y = acos (nJ(n, cosa)) + a - 90° 

Here,. a is the angle enclosed between the normal on the first layer and the interface between 

5 a first and a second area in this layer. 

10 

Refraction occurs in a comparable manner at the interface between the ~ 

first and the second areas of the second layer. The first and the second areas are chosen to 

be such that the beam component rotated by the polari7.ation-rotating layer in the direction of 

polarimtion is refracted by the second layer towards the unrefracted beam component. 

The polarization-rotating layer acts on only one of the polarization 

components in this case. The other component is passed without being refracted. 

A further embodiment of the polarizing element in accordance With the 

invention is characterized in that n0 , 1 = n,,1 holds for the first layer, and in that a major 

axis of the molecules of the first layer is located in the plane of the first layer and parallel to 

15 the longitudinal direction of the first and the second areas. 

20 

A further embodiment of the polarizing element in accordance with the 

invention is characterized in that n0 ,2 = 11p,2 holds for the second layer, and in that a major 

axis of the molecules of the ~nd layer is. located perpendicularly to the plane of the second 

layer. 

If n., - n0 in combination with the above-described orientation of the 

molecules in the first and the second layer, it is achieved that the ordinary rays are passed, 

whereas the extraordinary rays are refracted. 

If np - ne and if the major axes of the molecules in. the first and the 

second layer are located perpendicularly to the afore-mentioned orientations, the 

25 extraordinary rays will be passed and the ordinary rays will be refracted by the first and the 

second layer. 

A further embodiment of the polarizing element according to the invention 

is characterized in that the polarization-rotating layer comprises uniaxially oriented 

molecules. in which the projection, on the first layer, of the axis along which the molecules 

30 are oriented in the polarization-rotating layer is substantially parallel to a major axis of the 

molecules of the first layer. 

The polarization-rotating- layer is implemented in such a way that the 

polarization component which is perpendicularly incident maintains its direction of 

polarization, and that the direction of polarization of the polarization component incident at 
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an angle which is not perpendicular is rotated. · 

This is achieved by locating the axis of the uniaxially oriented molecules 

in a plane enclosing an angle fJ with the normal on the layer. The projection of the axis along 

which the molecules of tbe polarization-rotating layer are Ori~ted then coincides with the 

5 orientation of the major axis of the molecules in the first layer. The radiation which is not 

perpendicularly incident is tefracted at an angle 6Y with respect to the direction of incidence. 

The values of the angle 8, the thickness d and the difference of refractive index of the 
. . . . 

material of the polaril.atioo-rotating layer are determiMd by the angle 6Y· These three 

parameters define the angle through which the direction of pc)huV.ation of the relevant 

10 polarization component is.rotated. A rotation ·of 90° can be obtained by optimizing these 

parameters. 

Another embodiment of the polanzing element according to the invention 
. . 

is characterized in that the polarization-rotating layer comprises uniaxially oriented 

molecules, and in that the orientation axis of these molecuies is located in the plane of the 

15 layer, the layer being tilted with respect to the first layer through an angle at which the 

projection of the axis of the uniaxial molecules on the first layer is substantially parallel to a 

major axis of the molecules of the first layer. 

Instead of orienting the uniaxiaJ · molecUtes in accordance with an axis 

enclosing an angle (J with the normal on the layer, the molecules may be located in the plane 

20 of the layer, whereas the layer itself may be tilted through an angle'· 

A parueular embodiment of the polariZing element in accordance with the 

invention is characterized in that the polarization-rotating• layer is a liquid crystalline layer 

which is divided in the form of a matrix into cells which can be driven independently and 

thus constitutes an image display panel. 

25 The directions of the extraordinary and the ordinary radiation beams are 

separated from each other by the first layer. By providing. an electric field across the pixels 

of the liquid crysta11ine matrix, it can be ensured that per pixel the two polarization 

components each maintain their direction of polarization. Subsequently, each polarization 

component is incident on the second layer which will pass one. of the two components 

30 unhindered and influence the other in its direction in order to converge the beam component 

axes. The result is a pixel beam consisting of two separated polarization components which 

are substantially parallel to each other. 

If no electric field is provided across the pixels of the liquid crystalline 

matrix, the two polarization components in which the first layer has split up the unpolarized 
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beam wiH each undeigo a rotation of 90° in their direction of polari7.ation at the location ·of 

said pixels and again constitute two mutually perpendicularly polarized components which 

will even be further refracted by the second layer. Now, two polarization components are 

produced whose directions enclose an angle of more than 0°. 

Another embodiment of the polarizing element in accordance with the 

invention is characterized in that the second layer is a refractive layer which is polarization­

insensitive. 

An unpolari7.ed beam is split up by the first layer into two mutually 

perpendicularly polarized beam components. Upon leaving the first layer, these two beam 

10 components enclose an angle. The light path of one of these beams accommodates the second 

layer which, independent of the direction of polarization of the polari7.ation component 

incident thereon, refracts-this beam compon~t in a direction substantially parallel to the 

beam component which was passed unhindered by the first layer. Subsequently, a 

polarization-rotating element is provided in -the light path of this refracted beam component 

15 or in the light path of the unrefracted beam component so as to render the direction of 

polarization of the two beam components equal to each other. In this way, a substantially 

parallel beam having mainly the same direction of polarization is obtained. 

The order of the polarization-rotating element and the second layer may 

also be interchanged because the refraction by the second layer is independent of 

20 polarization. 

Another embodiment of the polarizing element in accordance with the 

invention, which may realise a split up of the polarization components as described in the 

foregoing embodiment, is characterized in that the first layer is implemented as a succession 

of first and second areas which alternate with each other in a direction· located in the plane of 

25 said layer, and in which one of the areas comprises a birefringent material having refractive 

indices n0 and n~ and the other area comprises an isotropic material having a refractive index 

n,,, in which n0 = nP or ne ,_ nP' and in that the second layer comprises an isotropic 

material. 

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

30 elucidated with reference to the embodiments described hereinafter. 

In the drawings: 

Figs. la and lb are perspective views of embodiments of the polarizing 

element in accordance with the invention; 

• 
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Figs. 2a and 2b are diagrammatic representations of the radiation through 

the polarizing element in accordance with the invention of ;µi unpolarized beam incident on 

the element for a polarization-rotating layer comprising a li9uid crystalline material; 

Fig. 3 is a diagrammatic representation of a polarizing element in 

S accordance wi~ the invention in which the second. layer refracts independently of 

polarization; and 

10 

Fig. 4 is a diagrammatic representation of an image projectioo device in 

which the polarizer of the image display panel or the image display panel itself is . . 

implemented as a polarizing element in accordance with the invention. 

The polarizing element 1 shown in Fig. la hu a first layer 3 and a second 

layer S-. The first layer 3 influences the direction of one of the beam components which 

jointly constitute an unpolarized beam b incident on the element l, and the second layer 5 
. . . 

influences the direction of polarized components incident on this layer, dependent on their 

15 direction of polarization. Moreover, a polarization-rotating layer 7 is present between the 

first layer 3 and the second layer S. 

The first layer 3 comprises first areas 9 and second areas 11. One of the 

two areas, for example the first area 9, comprises a birefringent material having an ordinary 

refractive index n0 •1 and an extraordinary refractive index n0 •1• The second area 11 then 

20 comprises an isotropic material having a refractive index np,J. When an unpolarized beam b 

is incident on the first layer 3, the ordinary rays will detect no difference in refractive index, 

if n0 • 1 = np,l' at the interface 4 between the first and the second areas and will consequently 

be passed unrefracted. These rays jointly constitute a first beam component b 1• However, the 

extraordinary rays will experience a difference in refractive index because Re, i ¢ np, 1 and 

25 will subsequently be refracted with respect to the ordinary rays. These rays jointly constitute 
. . . 

a beam component b2• Only the chief rays of the beam comp0nents are shown. The angle 

enclosed by the direction of refraction with the direction of incidence on the first layer is 

given by 

"Y = acos (n0 •1/(np,l cosa)) + a - 90° 

30 in which a is the angle which is enclosed between the normal on the first layer and the 

interface 4 between a first and a second area of this layer. 

The beam b which is now split up into two beam components b1, b2 

having mutually perpendicular directions of polarization, indicated by means of double 

arrows through the chief rays, is subsequently incident on a polarization-rotating layer 7. 
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This layer 7 comprisel uriiaxially oriented molecules. The Bhgle through which the direction 

of polarization of a given beam component is rotated is deternrlned by the direction of the 

axis along which the molecules in the layer 7 are oriented with respect to the normal on the 

layer (angle 9), by the thickness of the layer 7 and by the refractive index difference An in 

S this layer. If the two beam components b1, bi are mutually perpendicular polarize.d and -the 

polarization-rotating layer causes a rotation through 90° of the beam which is not 

perpendicularly incident thereon;- the beam compon~ts will mainly have the same direction 

of polarization after passage through the polari7.ation-rotating element. However, the axes of 

the beam components will still divqe. By causing these beam components to be 

10 subsequently incident on the second layer 5, which iri principle is of the same type as the 

first layer 3, the divergence can be reduced so that the total aperture of the beam decreases. 

To this end, the second layer S also consists of first areas 10 and second areas 12. The first 

areas 10 comprise,· for example a birefringent material having indices n0 ,2 and ne,2, and the 

second areas 12 comprise an isotropic material having a refractive index n,,2• The 

15 birefringent material may be the same for the first and the second layer, but it may also be 

different. For Da,2 = n,,2 it holds again that the ordinary rays at the interface 6 do not 

experience any difference in refractive index and are thus passed unrefracted, whereas the 

extraordinary rays are refracted. By orienting the major axis of the molecules perpendicularly 

to the plane of the layer in th~s layer, the extraordinary rays will be refracted in the direction 

20 of_the ordinary rays, in other words. the beam component axes will be converged. 

If in the first layer 3 n., = n0 and the major axis of the moleailes of the 

birefringent material of the first layer 3 is located in the plane of this first layer 3 and is 

parallel to the longitudinal direction of the areas 9, 11, and if in the second layer 5 11p = n0 

and the major axis of the molecules of the_ birefringent material of the second layer 5 is 

25 perpendicular to the plane of this second layer, the two layers 3, 5 will pass the ordinary 

rays and refract the extraordinary rays. This embodiment is illustrated in Fig. la. 

If np - ne and the major axis of the -molecules of the birefringent material 

of the first layer 3 is located in the plane of this first layer-3 but-is perpendicular to the 

longitudinal direction of the grooves, and if nP = ne for the second layer S and the major 

30 axis of the molecules is located in the plane of this layer and is perpepdicular to the 

longitudinal direction of the areas 9, 11, _the extraordinary rays will be passed by both layers, 

whereas the ordinary rays will be refracted. This embodiment is shown in Fig. lb. 

The possibilities of combination of first and second layers are not limited 

to ~e embodiments described above. The embodiments described are, however, relatively 

• 

• 
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easy to manufacture. For the first layer 3 it may hold that Dp = 11c,, while for the second · 

layer Sit may hold that·~ = n., or conversely. 

In order that the polarization-rotating layer 7 rotates the direction of 

polarization of the beam incidel1t thereon at an angle, the pfojection of the uis along which 

S the uniaxially oriented molecules of the polarimion-rotating layer 7 are located should 

coincide with the orientation of the major axes of the ·molecules· of the birefringent material 

of the first layer 3. 

The refractive indices Do and Re and the angle a of the first layer 3 

determine the angle "Y which is enelosed by the retrack,ci polarization component bi with the 

10 on-going polarization component b1• With reference to the vBlue for "f, the angle B, the 

thickness d and the required refractive index difference An of the polarization-rotating layer 

7 are determined. By optimizing these parameters, it can be achieved that one of the 

polarization components is J>assed without its direction of polarization being influenced, 

whereas the direction of polarization of the other polarization component will be rotated 

15 through 90°. 

20 

Instead of having the axis, along· which ·the uniaxial molecules are 
·, ' 

oriented, enclose an angle 9 with the plane perpendicular to the polarization-rotating layer 7, 

the molecule axis may alternatively be located in the plane of the layer 7 and the layer may 

be tilted through an angle 6. 

The interfaces 4; 6 between the first and the second areas 3, 5; 10, 12 

jointly constitute a surface which may have the shape of, for example a sinewave, a 

sawtooth, a zigzag structure or a block. A zigzag structureyields an unrefracted beam 

component and a refracted beam component at both sides· of the on..:going beam. However, a 

sawtooth structure is asymmetrical and yields an on-going beam and only a single refracted 

25 beam. 

The first Jayer·3 may be made, for example by.etching a monocrystalline 

silicon wafer or by me.chanically making grooves in a substrate so as to provide the shape of 

the grating in the silicon or in the substrate. Subsequently, this substrate may be replicated in 

a birefringent material. Birefringent materials which are particularly suitable for 

30 manufacturing the abOVtHiescribed polarizing element by means of this technique are known 

anisotropic networks as described, for example in European Patent Application EP 0 213 680 

(PHN 11.472) and anisotropic gels as described in European Patent Application EP 0 451 

905 (PHN 13.299). When using equally_ suitable LC polymers or olygomers, oriented 

polymers and low-mass glass-forming liquid crystalline material, the desired structure may be 
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directly pressed into die material (embossed polymers). When using anisotropic crystals, the 

structure is provided mechanically •. 

Figs. 2a and 2b show an embodiment of a polarizing element in which the 

polarization-rotating layer 7 comprises a liquid crystalline material and illustrate the radiation 

S of the ordinary and extraordinary rays for an energized cell {a) and an unenergized cell (b). 

The cell consists of, for example two glass plates between which the LC material is present. 

A transparent electrode, for example an ITO electrode, is provided on each glass plate at the 

side of the LC material. 

A material which is based on the TN (twisted nematic) effect, the STN 

10 (super twisted nematic) effect or the ferroelectric effect may be used for the cell. F.a.ch of 

these materials is capable of causing a polarimtion rotation of 90°. The first layer 3 and the 

second layer S may be implemented as described hereinbefore. 

When an unpolariml beam b is incident on the first layer 3, it will be 

split up into two mutually perpendicularly polarized beam components b1 and b2 whose 

15 directions of propagation will enclose an angle rp. Fig. 2 will be explained with reference to 

a celJ causing a rotation of polarization in the unenergized state. 

When an electric field is applied across the liquid crystalline material, it 

can be ensured that each polarimtion component maintains its direction of polarization upon 

passage through the liquid crystalline layer 7. The two different polarimtion components b1 

20 and b2 are subsequently incident at a different angle on the second layer S in which one of 

the polarimtion components, for example "2, is refracted in a direction parallel to that of the 

other polarization component b1• A substantially parallel beam b' is produced which consists 

of two polari1.ation ~mponents b1 and b2 which are separated from each other. 

If there is no electric field across the liquid crystalline material, the two 

25 polarization components b 1 and bi se~ted in their direction by the first layer 3 will each 

undergo a polarization rotation of 90°. The result is still two mutually perpendicularly 

polarized components. However, the direction of polarization of b1 is the original direction 

of polarimtion of bi, and conversely~ The result is that the ordinary and the extraordinary 

beams b 1 and bi are refrac~ away from each other. 

30 A polarizing element with a liquid crystalline layer as a polarization-

rotating layer may be used as an image display panel. Each pixel in the liquid crystalline 

matrix preferably corresponds to half a period of the structure formed by the areas 9, 11; 10, 

12 in the first and the ~nd layer. By applying image information to the pixels, the angle is 

defined through which the direction of polarization of a polarized beam will be rotated by the 
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polarization-rotating layer at the location of this pixel. Dependent on this angle, the 

refraction at the second layer of the polarizing element Witt differ and the unwanted radiation 

is reflected from the light }>ath in a manner as described, for example in United States Patent 

US-A 4,613,207. In this way, the UDWaJ!ted radiation willnot reach the projection lens and 

S grey scales can be obtal~ed. . 

Fig. 3 shows another embodiment of a· polarizing element in accordance 

with the invention. The first layer 3 may be· implemented· siniilarly as the above-mentioned 

first layers. The second layer s is isotropic. The refraction of such a layer is independent of 

polarization so that the layer Smay be present both in front·of.and behind the polarization-

10 rotating layer 7. An unpohlrized beam bis incident on the first layer 3 so that the beam bis 

split up into two mutually perpendicularly polarized beain ·eomponents b1 and b2~ The second 

layer 5 renders the refraCted beam b2 paraUel again to the other component b1• A 

polarization-rotating layer 7 ensuring that the direction of :Polarization of ~ is converted into 

that of b1 is provided in the light path of J>i. The polarizati~rolating layer may be, for 

15 example a )J2 plate or a liquid crystalline cell which is capable of rotating the direction of 

polarization through 90°, in an energized or unenergiZed state. The result is a substantially 

parallel beam which mainly has the same direction of polarization. 

Fig. 4 shows an image projection· device 15 in which the polarizer 17 of 

the image display panel 21 is implemented as a polarizing element in accordance with the 

20 invention. The analyzer 19 may be impl~mented similarly as the firs~ or the second layer of 

the polarizing element shown iii Fig. la or lb. Light coming from a light source 23 is 

incident via a condensor lens 25 on the pt>larizer 17 which precedes the image display panel 

21. If a conventional polarizer is used, approximately 50% of the light is absorbed and only 

the desired direction of polarization is passed towards the image display panel 21. If the 

25 polarizer 17 is implemented as a polarizing element in accordance with the invention, the 

unwanted direction of polari7.ation is no longer absorbed but first separated by refraction 

from the desired direction of polarization, subsequently rotated in its direction of polariation 

and again refracted with respect to the direction of incidence so as to cause a maximal 

' quantity of light of the beam from the light source to be incident on the image display panel 
. . 

30 21 in the suitable direction of polarization. The polarizing· element actually functions as a 

prepolarizer in this case. The direction of polariation of this light beam is subsequently 

modulated by the image display panel 21 in accordance with the image to be displayed. The 

modulated beam is subsequentJy incident on the analyzer 19. If the analyzer is implemented 

similarly as the first or the second layer of the polarizing element shown in Fig. la or lb, 
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the light which does ndt contribute to the formation of the ilnage will not be absorbed but 

will be refracted out of the light path. The light coming from the analyzer 19 goes to the 

projection lens system which is represented, for the sake of simplicity, by a single lens 27 by 

which it is con~· into an image. In this way, a higher image brightness is obtained with 

S the same light source because more light emitted by the light source is utili7.ed for the 

formation of the image. 

Another embodiment of an image projection device is an implementation 

of the combination of the image display panel with the polarizer and the analyzer in a similar 

way as the polarizing element as claimed in claim 7, in which the polarization-rotating layer 

10 7 is formed by a liquid crystaJline layer which is divided in the form of a matrix into cells 

which can be separately driven and function as pixels. The polarizing element now 

simultaneously operates as a polarizer and a modulator. 

.. 



WO '7/01779 
13 PCl'/IB'6/00SZ3 

CLAIMS: 

11111111111111 11111 1111111 1111 
* C L M S * 

1. A polarizing elemer1:t having a first lay~ for influencing the direction of at 
. .·. 

least one of the polarimtion components of an unpolari7.ed; beam incident on the element, 

which components have different directions of polarization, clwacterir.ed in that the element 
. . 

further has a second layer which influences the direction of at least one polarir.ed beam 

5 incident thereon, and a polarization-rotating layer which is present in at least the light path of 

said polariml beam. 

2. A polarizing element as claimed in Claim ·1, characterized in that the 

polarization-rotating layer is present between the first and the second layer. 

3. A polarizing element as claimed in Claim 1 or 2, chamcterized in thai the 

10 first and the second layer are implemented as a succession of first and second areas which 

alternate with each other in a direction located in the plane of said layers, and in which one 

of the areas comprises a birefringent material having refractive indices n0 and n8 and the 

other area comprises an isotropic material having a refractive index nP, in which n0 = nP or 

ne = °i>· 
15 4. A polarizing element as claimed in Claim 3, characterized in that llo, t = 

np. I holds for the first layer, and in that a major axis of the molecules of the first layer is 

located in the plane of the first layer and parallel to the longitudinal direction of the first and 

the second areas. 

5. A polarizing element as claimed in Claim 3 or 4. characterized in that l'lo,2 

20 = np.2 holds for the second layer. and in that a major axis of the molecules of the second 

layer is located perpendicularly to the plane of the second layer. 

6. A polarizing element as claimed in any one of Claims 1to5, 

characterized in that the polarization-rotating layer comprises uniaxially oriented molecules, 

• in which the projection, on the first layer, of the axis along which the molecules are oriented 

25 in the polarization-rotating layer is substantially parallel to a major axis of the molecules of 

the first layer. 

7. A polarizing element as claimed in any one of Claims 1 to 5, 

characterized in that the polarization-rotating layer comprises uniaxiaJly oriented molecules, 

and in that the orientation axis of these molecules is located in the plane of the layer, the 
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layer being tilted with ,respect to the first layer through an angle at which the projection of 

the axis of the uniaxial molecules on the first layer is substantially parallel to a major axis of 

the molecules of the first layer. 

8. A polarizing element as claimed in any one of Claims 1 to S, 

S characteriml in that the polari7.ation- rotating layer is a liquid crystalline layer which is 

divided in the form of a matrix into cells which can be driven independently and thus 

constitutes an image display panel. 

9. A polarizing element as claimed in Claim 1, characterized in that the 

second layer is a refractive layer which is polariation-insensiti~. 

10 10. A polarizing element as claimed in Claim 9, characterized in that the first 

layer is implemented as· a succession of first.and second areas which alternate with each 

other in a direction located in the plane of said layer, and in which one of the areas 

comprises a birefringent material having refractive indices Do and n8 and the other area 

comprises an isotropic material having a refractive index 11p, in which Do == n, or n. - n,, 
15 and in that the second layer comprises an isotropic material. 

11. An image projection device comprising successively an illumination 

system for supplying a light beam, an image display panel comprising an optically active 

material preceded by a first polarizer and succeeded by a second polarizer, and a projection 

lens system, characterized in that the first polarizer is implemented as a polarizing element as 

20 claimed in any one of Claims 1 to 7, 9 or 10. 

12. An image projection device comprising successively an illumination 

~ystem for supplying a light beam, an image display panel comprising an optically active 

material preceded by a first polarir.er and succeeded by a second polarizer, and a projection. 

lens system, characterized in that at least one of the two polarizers is implemented as the 

25 first or the second layer of a polarizing element as cJaimed in any one of Claims 1 to 10. 

13. An image projection device comprising successively an illumination 

system for supplying a light beam, an image display panel comprising an optically active 

material preceded by a first polarizer and· succeeded by a second polarizer, and a projection 

lens system, characterized in that the image display panel, together with the first and the 

30 second polarizer, is implemented as a polarizing element as claimed in Claim 8. 
• 


