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The invention relates to'a re'ﬂectmg Image projection screen comprising a

polarizer and a reflecting layer for reflecting radiation which is incident on the
reflecting layer via the polarizer.
The invention also relates to an image projection system comprising such

a reflecting image projection screen.

An image projection system having a reflecting image projection screen of
the type described in the opening paragraph is known from European Patent Application
EP 0,295,913 A2. The image projection screen described in this Application is a
reflecting image projection screen and may be implemented, for example as a metal
screen. Since not only radiation supplied by the image projector, hereinafter referred to
as signal light, but also ambient light is incident on the image projection screen and is
reflected by this screen into the audience room, the ambience of this screen is to be
considerably darkened in order that;n image which is rich in contrast can be observed.
For this reason the side of the image projection screen facing the viewer is provided
with a polarizer which absorbs substantially 50% of the ambient light. In this manner
the reduction of contrast of the image due to ambient light is reduced. The illumination
system of the image projector comprises a radiation source whose radiation is split into
p and s-polarized radiation by a polarization-sensitive beam splitter. One of the two
linearly polarized beams is incident on a liquid crystal element in which the direction of
polarization of the beam is modulated in conformity with the image generated by the
element. Subsequently, the modulated radiation is projected in the form of an image on
the image projection screen via a projection lens. Since the projected signal light is
linearty polarized in the direction of polarization of the screen polarizer, this light is
substantially completely passed to the audience room by the polarizer on the screen after
reflection on the reflecting layer.

In the system described radiation incident on the image projection screen

is reflected at an angle whose size is substantially equal, but opposite to the angle of
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5 Due to the required mutual positioning of the projector, the projection

 screen and the viewer(s), a metal screen is applicable to a limited extent only. In
practice it is gener’aﬁjrwdesired to have more freedom in the positions of said system
components and the viewers. A frequent arrangement is the one in which, for example,
a portable projector is placed at the viewers’ eye level, while it is further desired that
10 the projected image has a good quality from different positions, notably in the

* horizontal plane.

It is an object of the invention to provide a novel type of image projection

screen satisfying the above-mentioned requirements and in which contrast reduction due
15 to ambient light is obviated to a considerable extent.

To this end the reflecting image projection screen according to the
invention is characterized in that the reflecting layer is a depolarizing diffuser layer and
in that the image projection screen includes a cholesteric filter between the polarizer and
the reflecting layer and a A\/4 plate between the polarizer and the cholesteric filter, the

20 direction of polarization of the radiation from the cholesteric filter corresponding to the
direction of polarization of the polarizer after conversion by the M4 plate.
* A diffusely reflecting layer spreads the reflected signal light over a large
. spatial angle so that an image having a good quality can be observéd from different
_ positions, while there is a great freedom in the mutual positioning of projector and
25 projection screen. The reflection through a large spatial angle may, howev;',. lead to a
reduction of the intensity of the signal light reflected towards the audience room. By
making use of a diffusely reflecting layer, which also has a depolarizing effect, in
combination with a cholesteric filter, a contrast which is at least as high as with a metal
screen at the same ambient light can be achieved in spite of the reflection through a
30 large spanal angle, while the freedom in position of the projector, the projection screen
and the viewers has increased considerably.

Depolarizing is herein understood to mean the at least partial conversion

of radiation having a given state of polarization into unpolarized radiation, i.e. radiation
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: . material are ordered to a helical or helix-like structure with a pitch p. After such a

§ material has been provided in the form of a thin, optically active layer between two
parallel substrates, the helix-like structure is aligned in such a way that the axis of the
helix will be transvexss-te-the layer. The alignment of the heli'x can be improved by
providing an orientation layer on the facing surfaces of the substrates.

The M4 plate converts the linear polarization of the light into a circular

10 polarization which is necessary for the cholesteric filter, and conversely.

When an unpolarized radiation beam, originating from the depolarizing
diffuser layer, is incident on such a filter, a circularly polarized radiation component
having a direction of rotation (levorotatory ot dextrorotatory) corresponding to the
direction of the molecular helix whose wavelength corresponds to the pitch p of the

15 helix will be reflected. This state of polarization will be further referred to as the state
of polarization which is unsuitable for the system. A circularly polarized component
having the opposite direction of rotation will be passed and reach the andience room via

the M4 plate and the polarizer. This state of polarization will be further referred to as

the state of polarization which is suitable for the system.
20 Consequently, light of the state of polarization which is unsuitable for the
| system is not absorbed but again reflected towards the depolarizing layer by the
* cholesteric filter. This light is subsequently depolarized by this layer and again sent to
the cholesteric filter so that a part thereof acquires the state of polarization which is
. suitable for the system and can thus be passed on to the audience room Vii Fhe
25 cholesteric filter. The remaining part is again reflected by the filter towards the
reflecting layer so that, due to the depolarization on said layer, again a part thereof is
incident in the correct state of polarization on the cholesteric filter so as to be passed on
to the audience room. Thus, for example, 80% of the light of the wavelength band for
which the cholesteric filter is active can be brought to the desired state of polarization.
30 By providing a cholesteric filter in an image projection screen with a
depolarizing reflecting layer and with a linear polarizer, a screen is obtained which has
a high reflection for the direction of polarization supplied by the projector and which is
substantially absorbing for the other direction of polarization. In this way the reflection
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a metal screen at the same ambient light.

It is to be noted that it is known per se to use cholesteric filters as
reflecting polarizers. Cholesteric filters are known, for example from the article
"Polarizing Color Filters made from Cholesteric LC Silicones” by R. Maurer et al. in
SID International Symposium 1990, Digest of Technical Papers, pp. 110-113. The
cholesteric filters described in this article have an optically active layer comprising a
liquid crystailine material with a cholesteric order based on silicones. Said article by
Maurer does not propose to combine the cholesteric filter with a depolarizing diffusely
reflecting layer in order to suppress disturbing unpolarized radiation.

A preferred embodiment of the reflecting image projection screen
according to the invention is characterized in that the reflecting layer is implemented as
a beaded screen.

By implementing the reflecting layer as a beaded screen, the reflected
radiation is concentrated in a limited lobe. In this way, the radiation presented to the
filter is concentrated in a given angular area. Since the effectiveness of a cholesteric
filter as a polarizer decreases within a given wavelength band with an increasing angle
of incidence of ‘the radiation to b; polarized, the use of a beaded screen has the result
that it is sufficient to use a cholesteric filter with a smaller bandwidth so as to cover the
same wavelength range.

An embodiment of the reflecting image projection screen according to the
invention is characterized in that the cholesteric filter is active in at least an essential
part of the complete visible wavelength range.

In this way the afore-mentioned efficiency of 80% holds for the complete
visible wavelength range. Moreover, the radiation passed by the cholesteric filter is
suitable for illuminating both a monochrome and a color display-panel.

A first embodiment of the reflecting image projection screen according to
the invention having a wide-band cholesteric filter is characterized in that the cholesteric
filter is composed of a plurality of layers of liquid crystalline material, each layer being
active for a different wavelength band, which wavelength bands jointly cover
substantially the visible wavelength range.

A preferred embodiment of the reflecting image projection screen
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5 - wavelength band which is required to cover at least the complete visible wavelength
range.

This embodiment is based on the recognition that the pitch of the
molecular helix ;an be continuously varied in a liquid crystalline polymer material
having a cholesteric order. As described in the non-prepublished European Patent

10 Application no. 93200055.7 (PHN 14.345) in the name of the Applicant, the contents of
which Application are herein incorporated by reference, it is possible to vary the pitch
sufficiently within a single layer so that it is no longer necessary to stack a number of
layers each being formed by a liquid crystalline material and having a different
reflection band. By continuous variation of the pitch within a single layer, it is sufficient

15 to use a layer thickness which is smaller than the total layer thickness required for
stacking different layers so as to cover the same reflection band, so that a filter having a
better optical quality can be obtained. In fact, the quality of such filters decreases
relatively rapidly with an increasing number of layers due to errors which are typical of
cholesterics and due to loss of molecular order. Moreover, the viewing angle

20 dependence of the filter increases with an increasing thickness. This means that the
effectiveness of the filter decreases considerably at larger layer thicknesses for radiation
which is incident at an angle which is larger than a given angle of incidence.

An embodiment of the reflecting image projection sereen according to the
invention having a wide-band cholesteric filter is characterized in that at least a plurality

25 of layers of the cholesteric filter comprises a liquid crystalline polymer material, within
which layers the pitch of the molecular helix varies across the layer thickness between
two values which correspond to the lower limit and the upper limit, respectively, of the

reflection band of the relevant layer.
By varying the pitch of at least a number of layers, the reflection band of

30 the relevant layers is increased. Consequently, it is sufficient to use a smaller number of
layers so as to cover the complete visible wavelength range, so that the above-
mentioned advantages of a smaller number of filter layers are also valid in this case.

This embodiment can be used, for example for cholesteric materials whose pitch of the
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reflecting image projection screen as described hereinbefore, and to a projector for

projecting an image on the image projection screen, and is characterized in that the
projection screen is.-astreen as described hereinbefore and in that the direction of
polarization of the radiation supplied by the image projector corresponds to the direction
of polarization of the linear polarizer in the projection screen.

An image projector is herein understood to mean a device which is
provided with an image display system and optical means for projecting the image
generated by this system on an image projection screen.

The image display system may be, for example a liquid crystal display
panel (LCD) or may be constituted by three liquid crystal display panels and a plurality
of color-selective beam-splitting and beam-recombining elements. Such image display
systems supply radiation having a defined direction of polarization. If this defined
direction of polarization corresponds to the direction of polarization of the linear
polarizer on the image projection screen, which direction is in its turn coupled to the
rotational direction of polarization o't: the cholesteric filter, this radiation is passed
undisturbed by the two polarizers so that the intensity of the image does not decrease.

The image display system may also be constituted by one or more cathode
ray tubes coated with an electro-optical layer as described in United States Patent US-A
4,127,322,

The generated image may be a video image, a graphic image, data or a
combination thereof. -

An embodiment of the image projection system according to the invention
is characterized in that an adjustable polarization rotator is arranged in the light path
between the illumination system and the image projection screen.

By adding such an adjustable polarization rotator, the direction of
polarization supplied by the projector can be adapted to that of the polarizer in the
reflecting image projection screen so that the light efficiency of the image projection can
be increased considerably.

A suitable embodiment of the image projection screen according to the
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a second A4 plate, the first A4 f)late being oriented at an angle of 45° with’ respect to g
the direction of polarization of the light beam supplied by the projector and the second
A4 plate being rotatable so as to adapt the direction of polarization supplied by the

image projector to the direction of polarization of the reflecting image projection screen.

The first"A/4 plate converts the linearly polarized radiation from the image
display system into circularly polarized radiation. This circularly polarized radiation is
subsequently converted by the second A\/4 plate into linearly polarized radiation whose
direction of polarization is adapted to the direction of polarization of the screen. When a
color image projection system is used, the A/4 plates are preferably achromatic.

When the image display system operates with circularly polarized light
instead of linearly polarized light, the first A/4 plate may alternatively be arranged
between the beam splitter and the image display panel instead of behind the image
display panel.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

In the drawings

Fig. 1 shows an embodiment of a reflecting image projection screen
according to the invention,

Fig. 2 shows an embodiment of an image projection system with an image
display system supplying polarized radiation and a reflecting image projection screen
according to the invention, and

Fig. 3 shows the rotation of the direction of polarization by means of two
achromatic \/4 plates.

Fig. 1 shows diagrammatically a reflecting image projection screen 1
having a front side 3 and a rear side 5 for reflecting light incident on the front side 3
towards an audience room 7. However, the radiation incident on the projection screen
does not only consist of radiation coming from an image projector, which radiation is
further referred to as signal light, but also of ambient light. A major part of this
ambient light is also reflected by the image projection screens to the audience room,



olesteric filters are optlcal f||ters haV| ng an optlcal | ayer of a liquid

criystalline material with féls fler. This means that the
nol ecul es of the materi al | } ahellcal or helix-like structure
with a pitch p. ter uch beeg provided in the form
t hin, optlcallyP th4 ayer between t wo para?l el substrates, the (ﬁfo'ﬁ‘lg%
hellxllkestruc rels ali in_su th.eaX| oftehellx
W11 be 1 r ansveruligein »gorsdsole FeEidhey o HBFsh Bt teirlF: T S BBt AR idtred
by| provi di ng anyigej endadhikiemd ﬁ)ﬂf&n eBntidRe cArbé BBsesvid, A suddnck Mo UL ES pat es.
The [err]/4 plate converts t linear polarization of the light into a

ci fcul ar pol ar |dzdcengdmcmz¢¢xably necessary for the cholesteric filter, and
copversely. When an unpohafized {AdeAbRIEOE Vet LihE 3 hds che%ﬂ‘aré‘%refemmy

depol ari zi ng
5 suitable for arrangements where the image projector is secured to the ceiling. The

radiation beam from the projector is reflected by the screen towards the audience room
at substantially equal™But opposite angles, which audience room is located at a lower
level than the screen. For, for example, portable systems, with the viewer and the
projector being at approximately the same level, it is relatively cumbersome to project

10 the image at a position suitable for the viewer when systems with a metal screen are

used
i With an image projection screen according to the present invention the
light is reflected at a large spatial angle into the audience room, so that the freedom of
the mutual position of the projector, the projection screen and the viewer has increased
15 considerably. Moreover, a contrast which is at least as high as with a metal screen is
achieved with the same ambient light.

Starting from the front side 3, the image projection screen 1 is therefore
composed of a first, linear polarich 9, a M4 plate 11, a second polarizer 13 in the form
of a cholesteric’ filter and a reflecting layer 15 which also operates as a depolarizing

20 diffuser layer. This means that polarized radiation incident on this layer 15 is not only
. diffusely reflected but is also at least partly converted into unpolarized radiation, in
b other words, into radiation having different polarization components. The above-
mentioned components 9, 11, 13 and 15 are arranged on a support-4.
. When such an image projection screen is irradiated by signal light having
25 2 defined direction of polarization which corresponds to the direction of polarization of
the linear polarizer 9, the polarizer 9 will pass substantially 90% of this signal light,
while substantially 50% of the unpolarized ambient light will be-absorbed.
Subsequently, the linearly polarized light consisting of signal light and ambient light
leaving the polarizer 9 is incident on a M4 plate 11 which converts the linearly
polanzed light into circularly polarized radiation, for example dextrorotatory radiation.
WY The Subsequem cholesteric filter 13 is transparent to this light and passes the
deﬂromtatory circularly polarized radiation component to the reflecting layer 15. The
+ Fadiation is not only diffusely reflected but also depolarized on this layer 15. In other

30
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5 to be depolarized, reflected and partly passed again by the filter. Since the light is also

to as the state of

depolarized upon reflection on the screen and since the screen is provided with a
cholesteric filter; a"possible reduction of intensity due to the diffuse reflection is amply
compensated for. Due to the repeated process of reflections and depolarization within
the screen, a high percentage, for example 80% of the signal light incident on the
10 screen is reflected towards the audience room.
| “ It is true that the same percentage of the ambient light incident on the
g projection screen and passing through the polarizer 3 is reflected to the audience room,
| but since this light is only half that of the total ambient light, only 40% of the ambient
light incident on the screen is reflected.
15 The known cholesteric filters are only active as reflecting polarizers
within a relatively limited wavelength band, for example 50 nm. Radiation having a
wavelength outside this wavelength band is passed unpolarized, which means that the
filter operates as a polarizer only in a given wavelength range. For color image
projection systems it is, however, desirable that the cholesteric filter can convert the
20 state of polarization for the corr}plete visible'wavelengﬂl range whose wavelength
P bandwidth is, for example 380 nm.
* The width of the wavelength band A\ is given by AN = A\,An/n in which
An = n, - n, is the double refraction, while n, and ng are the extraordinary and
. ordinary refractive index, respectively, and n = (n, + ng)/2 is the average refractive
25 index. )\ is the central wavelength of the selective reflection band at perpendicular
Mg =np = _(ff_;o_).
incidence of the radiation and is given by - ,
in which p is the pitch of the molecular helix of the filter. The effectiveness of a
cholesteric filter as a polarizer decreases with an increasing angle of incidence of the
radiation to be polarized, in other words, a cholesteric filter is viewing angle-dependent.
30 In fact, if the angle of incidence is changed, there is a shift of the reflection band. The

effectiveness also decreases with an increasing thickness of the filter.
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Du2To the scattering effect of the reflecting layer 13, the radiation
incident on this layer is scattered through an angular range of substantially 180°. As a
result, the reflection band of the cholesteric filter required for the visible wavelength
range is to be increased by a fictitious wavelength band 5o as to be effective for large
angles of incidence as well. The shift of the reflection band as a function of the angle of
incidence is, for example 2 nm per degree.

To be able to operate as a polarizer in the complete visible wavelength
range, while allowing for the shift of the reflection band of the cholesteric filter due to
the viewing angle dependence, the total reflection band should be [380 nm + (180° x 2
nm/°)] = 740 nm. Since the width of the reflection band is 50 nm on average for a
known cholesteric layer, a conventional stacked filter should have ~ 15 layers.

A second possibility is to manufacture the cholesteric filter from a single
layer of liquid ‘crystalline polymer material, in which the pitch p of the molecular helix
varies across the layer thickness between a lower limit and an upper limit so that the
resultant reflection bandwidth corresponds to the bandwidth which is required for the
filter to be operative in the complete visible wavelength range. As compared with a
stacked filter, a single-layer filter has the advantage of a better optical quality. In fact,
when stacking layers, the optical quality decreases with an increasing number of layers
due to the presence of errors in the cholesterics and due to the loss of a planar
molecular order. Moreover, the viewing angle dependence increases with an increasing
thickness. This means that the effectiveness of the filter decreases considerably at larger
layer thicknesses for radiation which is incident at an angle which is larger than a given

| angle of incidence. In order that a cholesteric layer having a reflection bandwidth of 50
nm should- have a polarizing effect, the layer should have 2 minimum thickness of 5

umﬁCmseqmtl y, this yields a minimum t}uckness of 75 um for a filter which is
h ﬁﬁeen narrow-band layers.

For a single-layer cholesteric filter having a varying pitch a layer
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enhances the effectiveness of the filter. A method of manufacturing a singiezlé.yer
cholesteric filter having a pitch varying across the layer thickness is described in the
previously mentioned, non-prepublished European Patent Application no. 93200055.7.

5 An embodiment of the cholesteric filter having a better optical quality and
a viewing angle which is less dependent than that of a cholesteric filter comprising a
relatively large -aumiber of narrow-band layers with a constant helix pitch, is a
cholesteric filter manufactured from a smaller number of layers in which the pitch p of
the molecular helix varies across the layer thickness in at least a number of these layers.

10 The reflection bandwidth of the relevant layers may be increased to, for example 150 -

* nm. In that case the number of layers required for the visible wavelength range can be
reduced from 15 to 5.

By implementing the reflecting layer 15 as a beaded screen, the radiation

is concentrated in a lobe. As a result, the radiation is presented to the filter within a
15 limited spatial angle, which leads to a reduction of the total reflection band of the
cholesteric filter. This will be illustrated with reference to a numerical example. For,
for example an image projection screen having a diagonal of 1 m at a projection
distance of 4 m, the maximum angle of incidence is given by arc tan 1/4 = 14°. This
means that the number of layers which is sufficient to cover the complete visible
20 wavelength range is given by [380 nm + (14° x 20m/®)}/50 nm = 8 layers instead of
f the above-mentioned fifteen layers for layers having a narrow reflection band, and by
‘ [380 nm + (14° x 2 nm/°)}/150 nm = 3 layers instead of five layers for layers having
a larger reflection band. For a single-layer filter having a varying pitch, the lower-limit
_ and upper-limit values of the pitch p will be closer together due to the use of a
25 retroreflective layer. -
_ The image projection system 17 shown diagrammatically in Fig. 2
! comprises a reflecting image projection screen 1 as described hereinbefore and an image
Projector 19 which emits a light beam having a defined direction of polarization for
Projecting an image on the projection screen 1. The image projector 19 comprises an
30 illumination system 21, an image display system 26 and a projection lens system 23
which, for the sake of simplicity, is represented by a single projection leas. The image
display system 26 has, for example an image display panel which may be implemented,
- for example a5 a liquid-crystal panel constituted by a layer of liquid crystalline material
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as a peaded scCregBiation having a defined state of polarization. To this end the unpolarized radiation 27

5 which is emitted by the radiation source 25 and concentrated by a condensor lens

refle¢ting polarizers. Cholesteric filters are kno eiaLedomthe
articlle "Pol arizing Col or Filters made from Chol est b ﬁﬁa %ﬁ s" by R

system 24, is split, for example by a polarization-sensitive beam splitter 29, into two
mutually perpendicutarly polarized components 31 and 33, of which, for example the p-
polarized beam 31 is incident on the image display panel 26.
If a monochromatic image is to be projected, the image display system
10 has only one liquid-crystal panel.
? If the image projection system is a color imag:e projection system, the
image display system 26 may comprise, for example three liquid-crystal panels, one for
each of the primary colors of red, green and blue, and also a number of dichroic
mirrors which split the beam into a red, a green and a blue beam each being incident on
15 an associated panel. The beams passing through these panels are combined by a further

set of dichroic mirrors to one beam which is incident on the projection lens system.

A color image projection system may also be implemented with one
liquid-crystal panel only. In that case, use can be made of a pattern of color filters
arranged in front of the image elements, as described in United States Patent US-A

20 5,029,986.
_ An active-drive or a passive-drive image display panel can be used. Both
‘ types of direct-drive image display panels are described in , for example European
Patent Application EP 0 266 184. .
The image generated by means of the image display system 26 is
25 subsequently magnified by the projection lens system 23 and imaged on the projection
screen 1.
Instead of using a polarization-sensitive beam splitter, as shown in Fig. 2,
with substantially 50% of the radiation emitted by the radiation source being lost, a
special composite prism as described in United States Patent US-A 5,184,248 is
30 preferably used. The prism described in thig Patent is constituted by two prisms, for
example of glass with a birefringent layer in between, for example of liquid crystalline
material. For a more detailed description of the beam splitter reference is made to said
United States Patent. When such a beam splitter is used, the two polarization
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5 image projection screen 1 by arranging an adjustable polarization rotator, for example
comprising two A/4 plates arranged one behind the other in the light path of the linearly
polarized light. The s&cond plate is rotatable so as to adapt the direction of polarization
of the projection beam to the direction of polarization of the polarizer on the image

: projection screen. This conversion of the state of polarization is illustrated in Fig. 3.
| 10 From a first A4 plate 35 which is arranged, for example in the light path between the
“ image display system 26 and the projection lens, the direction of polarization extends at
? an angle of 45° to the incident direction of polarization P,;. A is the central wavelength
of the radiation beam. This A/4 plate 35 converts the linearly polarized radiation into
circularly polarized radiation. Subsequently, the circularly polarized radiation is incident
15 on a second A4 plate 37 which is arranged, for example along the outer side of the
projector in front of or on the projection lens. The radiation is again linearly polarized
by this M4 platé 37. By varying the orientation ¢, of the second M4 plate 37 with
respect to the incident direction of polarization P, , the direction of polarization P, of
the exiting bearn can be adjusted. -I-n this way the direction of polarization of the
20 projection beam can be adapted to the direction of polarization of the image projection

By |rrpl enenting the reflectﬁ’ E | ayer as a beaded screen, the reflected

screen.
‘: Since it is optionally possible to arrange the two \/4 plates 35 and 37,
‘ they are shown in broken lines in Fig. 2. .
In the present-day image display systems, LCD panels are preferably used
25 which, dependent on the energization of a given pixel, convert linearly polarized
radiation having a given direction of polarization into linearly polarized radiation having
a second direction of polarization perpendicular to the first direction of polarization. If
the LCD panel operates with circularly polarized radiation, the second \/4 plate can be
arranged between the beam splitter 29 and the image display system 26. The direction
30 of polarization is then adapted before the radiation beam is modulated by the LCD
Panel.
If a color image is projected, the \/4 plates 11, 35 and 37 should be
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5 - A wide-band N4 plate is a transparent element which is composed of, for
example a. plurality of layers and rotates the phase in a beam for all wavelengths (A) in
the visible wavelength range to such an extent that circularly polarized radiation is

converted into linearly polarized radiation, or conversely.
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A reflecting image projection screen comprising a polarizer and a

1.
reflecting layer fortéflecting radiation which is incident on the reflecting layer via the

polarizer, characterized in that the reflecting layer is a depolarizing diffuser layer and in
that the image projection screen includes a cholesteric filter between the polarizer and
the reflecting layer and a A/4 plate between the polarizer and the cholesteric filter, the
direction of polarization of the radiation from the cholesteric filter corresponding to the
direction of polarization of the polarizer after conversion by the A/4 plate.

2.
in that the reflecting layer is implemented as a beaded screen.

3.
characterized in that the cholesteric filter is active in at least an essential part of the

A reflecting image projection screen as claimed in Claim 1, characterized
A reflecting image projection screen as claimed in Claim 1 or 2,

complete visible wavelength range.

4, A reflecting image projection screen as claimed in Claim 3, characterized
in that the cholesteric filter is composed of a plurality of layers of liquid crystalline
material, each layer being active for a different wavelength band, which wavelength
bands jointly cover substantially the visible wavelength range. '

5. A reflecting image projection screen as claimed in Claim 3, characterized
in that the cholesteric filter has a single layer of liquid crystalline polymer material,
within which layer the pitch of the molecular helix varies across the layer thickness
between two values which correspond to the lower limit and the upper limit,
respectively, of the wavelength band which is required to cover at least the complete
visible wavelength range.

6. A reflecting image projection screen as claimed in Claim 4, characterized
in that at least a plurality of layers of the cholesteric filter comprises a liquid crystalline
polymer material, within which layers the pitch of the molecular helix varies across the
layer thickness between two values which correspond to the Jower limit and the upper
limit, respectively, of the reflection band of the relevant layer.

7. An image projection system comprising an image projector provided with
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of 5 to the direction of polarization of the linear polarizer in the projection screen.

8. An image projection system as claimed in Claim 7, characterized in that

an adjustable polafization rotator is arranged in the light path between the illumination

system and the image projection screen.
9. An image projection system as claimed in Claim 8, characterized in that
10 the adjustable polarization rotator comprises a first and a second A4 plate, the first A/4
* plate being oriented at an angle of 45° with respect to the direction of polarization of
the light beam supplied by the projector and the second A/4 plate being rotatable so as
to adapt the direction of polarization supplied by the image projector to the direction of

polarization of the reflecting image projection screen.
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A reflecting image projection screen (1) is described, as well as an image
projection system-(17) in which such a projection screen (1) is used. Viewed from the
front side (3) of the projection screen (1), the image projection screen comprises, in this
order, a linear polarizer (9), a A4 plate (11), a reflecting polarizer (13) in the form of a

5 cholesteric filter and a reflecting layer (15) which is also active as a depolarizing
* diffuser layer. By combining a cholesteric filter (13) with a depolarizing reflecting layer
(15), an image projection screen is obtained which is highly reflective to the direction of
polarization supplied by the image projector (19) and substantially absorbs the other
direction of polarization.
10 -
Fig. 2.
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'I‘he mventxon relates to a reflecting image projection screes compns:,ng Al

polarizer and a reflecting layer for reflecting radiation which is incident on the
reflecting layer via the polarizer.
The invention also relates to an image projection system comprising such

a reflecting image projection screen.

An image projection system having a reflecting image projection screen of
the type described in the opening paragraph is known from European Patent Application
EP 0,295,913 A2. The image projection screen described in this Application is a
reflecting image projection screen and may be implemented, for example as a metal
screen. Since not only radiation supplied by the image projector, hereinafter referred to
as signal light, but also ambient light is incident on the image projection screen and is
reflected by this screen into the audience room, the ambience of this screen is to be
considerably darkened in order that.an image which is rich in contrast can be observed.
For this reason the side of the image projection screen facing the viewer is provided
with a polarizer which absorbs substantially 50% of the ambient light. In this manner
the reduction of contrast of the image due to ambient light is reduced. The illumination
system of the image projector comprises a radiation source whose radiation is split into
p and s-polarized radiation by a polarization-sensitive beam splitter. One of the two
linearly polarized beams is incident on a liquid crystal element in which the diréction of
polarization of the beam is modulated in conformity with the image generated by the
element. Subsequently, the modulated radiation is projected in the form of an image on
the image projection screen vig g projection lens. Since the projected signal light is

'linearly polarized in the direction of polarization of the screen polarizer, this light is
substantially completely passed to the audience room by the polarizer on the screen after
reflection on the reflecting layer.

In the system described radiation incident on the image projection screen
is reflected at an angle whose size is substantially equal, but opposite to the angle of
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reflecting screen, for example a metal screen. The radiation is then reflected towards

the audience room which is at a lower level than the projection screen.

Due to the required mutual positioning of the projector, the projection

screen and the viewer(s), a metal screen is applicable to a limited extent only.

In

practice it is generally desired to have more freedom in the positions of said system

components and the viewers. A frequent arrangement is the one in which, for

example,

a portable projector is placed at the viewers’ eye level, while it is further desired that

the projected image has a good quality from different positions, notably in the

horizontal plane.

It is an object of the invention to provide a novel type of image

projection

screen satisfying the above-mentioned requirements and in which contrast reduction due

to ambient light is obviated to a considerable extent.

To this end the reflecting image projection screen according to the

invention is characterized in that the reflecting layer is a depolarizing diffuser layer and
in that the image projection screen includes a cholesteric filter between the polarizer and
the reflecting layer and a M4 plate between the polarizer and the cholesteric filter, the
direction of polarization of the radiation from the cholesteric filter corresponding to the
direction of polarization of the polarizer after conversion by the \/4 plate.

A diffusely reflecting layer spreads the reflected signal light over a large
spatial angle so that an image having a good quality can be observed from different
positions, while there is a great freedom in the mutual positioning of projector and
projection screen. The reflection through a large spatial angle may, however, lead to a
reduction of the intensity of the signal light reflected towards the audience room. By
making use of a diffusely reflecting layer, which also has a depolarizing effect, in
combination with a cholesteric filter, a contrast which is at least as high as with a metal
screen at the same ambient light can be achieved in spite of the reflection through a
large spanal angle, while the freedom in position of the projector, the projection screen
and the viewers has increased considerably.

Depolarizing is herein understood to mean the at least partial conversion
of radiation having a given state of polarization into unpolarized radiation, i.e. radiation
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Cholesteric filters are optical filters having an optical layer of a liquid
crystalline material with a cholesteric order. This means that the molecules of the
material are ordered to a helical or helix-like structure with a pitch p. After such a
material has been provided in the form of a thin, optically active layer between two
parallel substrates, the helix-like structure is aligned in such a way that the axis of the
helix will be transverse to the layer. The alignment of the helix can be improved by
providing an orientation layer on the facing surfaces of the substrates.

The A4 plate converts the linear polarization of the light into a circular
polarization which is necessary for the cholesteric filter, and conversely.

* When an unpolarized radiation beam, originating from the depolarizing
diffuser layer, is incident on such a filter, a circularly polarized radiation component
having a direction of rotation (levorotatory or dextrorotatory) corresponding to the
direction of the molecular helix whose wavelength corresponds to the pitch p of the
helix will be reflected. This state of polarization will be further referred to as the state
of polarization which is unsuitable for the system. A circularly polarized component
having the opposite direction of rotation will be passed and reach the audience room vig
the A/4 plate and the polarizer. This state of polarization will be further referred to as
the state of polarization which is suitable for the system.

Consequently, light of the state of polarization which is unsuitable for the
system is not absorbed but again reflected towards the depolarizirig layer by the
cholesteric filter. This light is subsequently depolarized by this layer and again sent to
the cholesteric filter so that a part thereof acquires the state of polarization which is
suitable for the system and can thus be passed on to the audience room via the
cholesteric filter. The remaining part is again reflected by the filter towards the
reflecting layer so that, due to the depolarization on said layer, again a part thereof is
incident in the correct state of polarization on the cholesteric filter so as to be passed on
to the audience room. Thus, for example, 80% of the light of the wavelength band for
| which the cholesteric filter is active can be brought to the desired state of polarization.

By providing a cholesteric filter in an image projection screen with a
depolarizing reflecting layer and with 4 linear polarizer, a screen is obtained which has
a high reflection for the direction of polarization supplied by the projector and which is
substantially absorbing for the other dirzction of polarization. In this way the reflection
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It is to be noted that it is known per se to use cholesteric filters as

reflecting polarizers. Cholesteric filters are known, for example from the article
"Polarizing Color Filters made from Cholesteric LC Silicones” by R. Maurer et al. in
SID International -Symposium 1990, Digest of Technical Papers, pp. 110-113. The
cholesteric filters described in this article have an optically active layer comprising a
liquid crystalline material with a cholesteric order based on silicones. Said article by
Maurer does not propose to combine the cholesteric filter with a depolarizing diffusely
reflecting layer in order to suppress disturbing unpolarized radiation.

A preferred embodiment of the reflecting image projection screen
according to the'invention is characterized in that the reflecting layer is implemented as
a beaded screen.

By implementing the reflecting layer as a beaded screen, the reflected
radiation is concentrated in a limited lobe. In this way, the radiation presented to the
filter is concentrated in a given angular area. Since the effectiveness of a cholesteric
filter as a polarizer decreases within a given wavelength band with an increasing angle
of incidence of the radiation to be polarized, the use of a beaded screen has the result
that it is sufficient to use a cholesteric filter with a smaller bandwidth so as to cover the
same wavelength range.

An embodiment of the reflecting image projection screen according to the
invention is characterized in that the cholesteric filter is active in at least an essential
part of the complete visible wavelength range.

In this way the afore-mentioned efficiency of 80% holds for the complete
visible wavelength range. Moreover, the radiation passed by the cholesteric filter is
suitable for illuminating both a monochrome and a color display-panel.

A first embodiment of the reflecting image projection screen according to
the invention having a wide-band cholesteric filter is characterized in that the cholesteric
filter is composed of a plurality of layers of liquid crystalline matexial, each layer being
active for a different wavelength band, which wavelength bands jointly cover
substantially the visible wavelength range.

A preferred embodiment of the reflecting image projection screen
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by means of t\/\%oﬁ:gtr;r 8 ter %as a si gllea Iayer of liquid crystalline polymer material, within
| which layer the pitch of the molecular helix varies across the layer thickness between
two values which correspond to the lower limit and the upper limit, respectively, of the
wavelength band which is required to cover at least the complete visible wavelength
range.

This smbodiment is based on the recognition that the pitch of the
molecular helix can be continuously varied in a liquid crystalline polymer material
having a cholesteric order. As described in the non-prepublished European Patent |
Application no. 93200055.7 (PHN 14.345) in the name of the Applicant, the contents of
which Application are herein incorporated by reference, it is possible to vary the pitch
sufficiently within a single layer so that it is no longer necessary to stack a number of
layers each being formed by a liquid crystalline material and having a different
reflection band. By continuous variation of the pitch within a single layer, it is sufficient
to use a layer thickness which is smaller than the total layer thickness required for
stacking different layers so as to cover the same reflection band, so that a filter having a
better optical quality can be obtained. In fact, the quality of such filters decreases
relatively rapidly with an increasing number of layers due to errors which are typical of
cholesterics and due to loss of molecular order. Moreover, the viewing angle
dependence of the filter increases with an increasing thickness. This means that the
effectiveness of the filter decreases considerably at larger layer thicknesses for radiation
which is incident at an angle which is larger than a given angle of incidence.

An embodiment of the reflecting image projection sereen according to the
invention having a wide-band cholesteric filter is characterized in that at least a plurality

of layers of the cholesteric filter comprises a liquid crystalline polymer material, within
which layers the pitch of the molecular helix varies across the layer thickness between
two values which correspond to the lower limit and the upper limit, respectively, of the
reflection band of the relevant layer.

By 'varying the pitch of at least a number of layers, the reflection band of
the relevant layers is increased. Consequently, it is sufficient to use a smaller number of
layers so as to cover the complete visible wavelength range, so that the above-
mentioned advantages of a smaller number of filter layers are also valid in this case.

This embodiment can be used, for example for cholesteric materials whose pitch of the
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range. Preferably, each layer is active 1n a different wavelength range so that the
cholesteric filter may have a limited thickness.

The invention also relates to an image projection system comprising a
reflecting image projection screen as described hereinbefore, and to a projector for
projecting an image on the image projection screen, and is characterized in that the
projection screen is a screen as described hereinbefore and in that the direction of
polarization of the radiation supplied by the image projector corresponds to the direction
of polarization of the linear polarizer in the projection screen.

An image projector is herein understood to mean a device which is
provided with an image display system and optical means for projecting the image
generated by this system on an image projection screen.

The image display system may be, for example a liquid crystal display
panel (LCD) or may be constituted by three liquid crystal display panels and a plurality
of color-selective beam-splitting and beam-recombining elements. Such image display
systems supply radiation having a defined direction of polarization. If this defined
direction of polarization corresponds to the direction of polarization of the linear
polarizer on the image projection screen, which direction is in its turn coupled to the
rotational direction of polarization o} the cholesteric filter, this radiation is passed
undisturbed by the two polarizers so that the intensity of the image does not decrease.

The image display system may also be constituted by one or more cathode
ray tubes coated with an electro-optical layer as described in United States Patent US-A
4,127,322.

The generated image may be a video image, a graphic image, data or a
combination thereof.

" An embodiment of the image projection system according to the invention
is characterized in that an adjustable polarization rotator is atranged in the light path
between the illumination system and the image projection screen.

By adding such an adjustable polarization rotator, the direction of
polarization supplied by the projector can be adapted to that of the polarizer in the
reflecting image projection screen so that the light efficiency of the image projection can
be increased considerably,

A suitable embodiment of the image projection screen according to the
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image projector to the direction of polarization of the reflecting image projection screen.

The first"X/4 plate converts the linearly polarized radiation from the image
display system into circularly polarized radiation. This circularly polarized radiation is
subsequently converted by the second A4 plate into linearly polarized radiation whose
direction of polarization is adapted to the direction of polarization of the screen. When a
color image projection system is used, the M4 plates are preferably achromatic.

When the image display system operates with circularly polarized light
instead of linearly polarized light, the first A/4 plate may alternatively be arranged
between the beam splitter and the image display panel instead of behind the image
display panel.

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

elucidated with reference to the embodiments described hereinafter.

In the drawings

Fig. 1 shows an embodiment of a reflecting image prcgectxon screen
according to the invention,

Fig. 2 shows an embodiment of an image projection system with an image
display system supplying polarized radiation and a reflecting image projection screen
according to the invention, and

Fig. 3 shows the rotation of the direction of polan’zatipn by means of two
achromatic A/4 plates.

Fig. 1 shows diagrammatically a reflecting image projection screen 1
having a front side 3 and a rear side 5 for reflecting light incident on the front side 3 |
towards an audience room 7. However, the radiation incident on the projection screen
does not only consist of radiation coming from an image projector, which radiation is
further referred to as signal light, but also of ambient light. A major part of this
ambient light is also reflected by the image projection screens to the audience room,
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Moreover, image projection systems using a metal screen are preferably

suitable for arrangements where the image projector is secured to the ceiling. The
radiation beam from the projector is reflected by the screen towards the audience room
at substantially equal but opposite angles, which audience room is located at a lower
level than the screen. For, for example, portable systems, with the viewer and the
projector being at approximately the same level, it is relatively cumbersome to project
the image at a position suitable for the viewer when systems with a metal screen are
used. '

With an image projection screen according to the present invention the
light is reflected at a large spatial angle into the audience room, so that the freedom of
the mutual position of the projector, the projection screen and the viewer has increased
considerably. Moreover, a contrast which is at least as high as with a metal screen is
achieved with the same ambient light.

Starting from the front side 3, the image projection screen 1 is therefore
composed of a first, linear polarizer 9, a N4 plate 11, a second polarizer 13 in the form
of a cholesteric filter and a reflecting layer 15 which also operates as a depolarizing
diffuser Iayér. This means that polarized radiation incident on this layer 15 is not only
diffusely reflected but is also at least partly converted into unpolarized radiation, in
other words, into radiation having different polarization components. The above-
mentioned components 9, 11, 13 and 15 are arranged on a support 4.

When such an image projection screen is irradiated by signal light having
a defined direction of polarization which corresponds to the direction of polarization of
the linear polarizer 9, the polarizer 9 will pass substantially 90% of this signal light,
while substantially 50% of the unpolarized ambient light will be-absorbed.
Subsequently, the linearly polarized light consisting of signal light and ambient light
1&""‘3 the polarizer 9 is incident on a /4 plate 11 which converts the linearly
polarized light into circularly polarized radiation, for example dextrorotatory radiation. -
The subsequent cholesteric filter 13 is transparent to this light and passes the
dex.tr?mmm circularly polarized radiation component to the reflecting layer 15. The

. radiation is not only diffusely reflected but also depolarized on this layer 15. In other
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depolarized upon reflection on the screen and since the screen is provided with a
cholesteric filter; apossible reduction of intensity due to the diffuse reflection is amply
compensated for. Due to the repeated process of reflections and depolarization within
the screen, a high percentage, for example 80% of the signal light incident on the
screen is reflected towards the audience room.

- It is true that the same percentage of the ambient light incident on the
projection screen and passing through the polarizer 3 is reflected to the audience room,
but since this light is only half that of the total ambient light, only 40% of the ambient
light incident on the screen is reflected.

The known cholesteric filters are only active as reflecting polarizers
within a relatively limited wavelength band, for example 50 nm. Radiation having a
wavelength outside this wavelength band is passed unpolarized, which means that the
filter operates as a polarizer only in a given wavelength range. For color image
projection systéms it is, however, desirable that the cholesteric filter can convert the
state of polarization for the complete visible wavelength range whose wavelength
bandwidth is, for example 380 nm. |

The width of the wavelength band AX is given by AN = A\jAn/n in which
An = n, - n, is the double refraction, while n, and ‘ng are the extraordinary and
ordinary refractive index, respectively, and n = (n, + ng)/2 is the average refractive

index. Aq is the central wavelength of the selective reflection band at perpendicular
(ne + n())

AN =Dnp = 3

incidence of the radiation and is given by

in which p is the pitch of the molecular helix of the filter. The effectiveness of a
cholesteric filter as a polarizer decreases with an increasing angle of incidence of the
radiation to be polarized, in other words, a cholesteric filter is viewing angle-dependent.
In fact, if the angle of incidence is changed, there is a shift of the reflection band. The

effectiveness also decreases with an increasing thickness of the filter.
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A first possibility is to stack a plurality of narrow-band cholesteric layers
each having a different reflection band. The composite filter then has a total reflection
band width which is equal to the sum of the reflection bandwidths of the individual
layers.

Due to the scattering effect of the reflecting layer 13, the radiation
incident on this layer is scattered through an angular range of substantially 180°. As a
result, the reflection band of the cholesteric filter required for the visible wavelength
range is to be increased by a fictitious wavelength band so as to be effective for large
angles of incidence as well. The shift of the reflection band as a function of the angle of
incidence is, for example 2 nm per degree.

To be able to operate as a polarizer in the complete visible wavelength
range, while allowing for the shift of the reflection band of the cholesteric filter due to
the viewing angle dependence, the total reflection band should be [380 nm + (180° x 2
nm/°)] = 740 nm. Since the width of the reflection band is 50 nm on average for a
known cholesteric layer, a conventional stacked filter should have ~ 15 layers.

A second possibility is to manufacture the cholesteric filter from a single
layer of liquid crystalline polymer material, in which the pitch p of the molecular helix
varies across the layer thickness between a lower limit and an upper limit so that the
resultant reflection bandwidth corresponds to the bandwidth which is required for the
filter to be operative in the complete visible wavelength range. As compared with a
stacked filter, a single-layer filter has the advantage of a better optical quality. In fact,
when stacking layers, the optical quality decreases with an increasing number of layers
due to the presence of errors in the cholesterics and due to the loss of a planar
molecular order. Moreover, the viewing angle dependence increases with an increasing
thickness. This means that the effectiveness of the filter decreases considerably at larger
layer thicknesses for radiation which is incident at an angle which is larger than a given
angle of incidence. In order that a cholesteric layer having a reflection bandwidth of 50

., ‘nm should have a polarizing effect, the layer should have a minimum thickness of 5

;.u‘m.\Consequeudy, this yields a minimum thickness of 75 um for a filter whxch is
stacked .with fifteen narrow-band layers.

For a single-layer cholesteric filter having a varying pitch a layer

"
L
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light, only 40%aly HaRuGHEY, BBA-prepublished European Patent Application no. 93200055.7.
An embodiment of the cholesteric filter having a better optical quality and

a viewing angle which is less dependent than that of a cholesteric filter comprising a
relatively large aumber of narrow-band layers with a constant helix pitch, is a
cholesteric filter manufactured from a smaller number of layers in which the pitch p of
the molecular helix varies across the layer thickness in at least a number of these layers.
The reflection bandwidth of the relevant layers may be increased to, for example 150 -
nm. In that case the number of layers required for the visible wavelength range can be
reduced from 15 to 5.

By implementing the reflecting layer 15 as a beaded screen, the radiation
is concentrated in a lobe. As a result, the radiation is presented to the filter within a
limited spatial angle, which leads to a reduction of the total reflection band of the
cholesteric filter. This will be illustrated with reference to a numerical example. For,
for example an image projection screen having a diagonal of 1 m at a projection
distance of 4 m, the maximum angle of incidence is given by arc tan 1/4 = 14°, This
means that the number of layers which is sufficient to cover the complete visible
wavelength range is given by [380 nm + (14° x 2nm/°)}/50 nm = 8 layers instead of
the above-mentioned fifteen layers for layers having a narrow reflection band, and by
{380 nm + (14° x 2 nm/°)}/150 nm = 3 layers instead of five layers for layers having
a larger reflection band. For a single-layer filter having a varying pitch, the lower-limit
and upper-limit values of the pitch p will be closer together due to the use of a
retroreflective layer.

The image projection system 17 shown diagrammatically in Fig. 2
comprises a reflecting image projection screen 1 as described hereinbefore and an image
projector 19 which emits a light beam having a defined direction of polarization for
Projecting an image on the projection screen 1. The image projector 19 comprises an
ilumination system 21, an image display system 26 and a projéction lens system 23
Which, for the sake of simplicity, is represented by a single projection lens. The image
display system 26 has, for example an image display panel which may be implemented,
for €Xxample as a liquid-crystal panel constituted by a layer of liquid crystalline material
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which is emitted by the radiation source 25 and concentrated by a condensor lens
system 24, is split, for exampie by a polarization-sensitive beam splitter 29, into two
mutually perpendieutarly polarized components 31 and 33, of which, for example the p-
polarized beam 31 is incident on the image display panel 26.

If a monochromatic image is to be projected, the image display system
has only one liquid-crystal panel.

__ If the image projection system is a color image projection system, the
image display system 26 may comprise, for example three liquid-crystal panels, one for
each of the primary colors of red, green and blue, and also a number of dichroic
mirrors which split the beam into a red, a green and a blue beam each being incident on
an associated panel. The beams pdssing through these panels are combined by a further
set of dichrojc mirrors to one beam which is incident on the projection lens system.

A color image- projection system may also be implemented with one
liquid-crystal panel only. In that case, use can be made of a pattern of color filters
arranged in front of the image elements, as described in United States Patent US-A
5,029,986.

An active-drive or a passive-drive image display panel can be used. Both
types of direct-drive image display panels are described in , for example European
Patent Application EP 0 266 184.

The image generated by means of the image display system 26 is
subsequently magnified by the projection lens system 23 and imaged on the projection
screen 1.

Instead of using a polarization-sensitive beam splitter, as shown in Fig. 2,
with substantially 50% of the radiation emitted by the radiation source being lost, a
special composite prism as described in United States Patent US-A 5,184,248 is
preferably used. The prism described in this Patent is constituted by two prisms, for
example of glass with a birefringent layer in between, for example of liquid crystalline
material. For a more detailed description of the beam splitter reference is made to said

United States Patent. When such a beam splitter is used, the two polarization
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the linearly polarized radiation from the projector 19 before the radiation reaches the

image projection screen 1 by arranging an adjustable polarization rotator, for example
comprising two A4 plates arranged one behind the other in the light path of the linearly
polarized light. The ¥econd plate is rotatable so as to adapt the direction of polarization
of the projection beam to the direction of polarization of the polarizer on the image
projection screen. This conversion of the state of polarization is illustrated in Fig. 3.
From a first \/4 plate 35 which is arranged, for example in the light path between the
image display system 26 and the projection lens, the direction of polarization extends at
an angle of 45° to the incident direction of polarization P;,. A is the central wavelength
of the radiation beam. This N4 plate 35 converts the linearly polarized radiation into
circularly polarized radiation. Subsequently, the circularly polarized radiation is mgident
on a second N4 plate 37 which is arranged, for example along the outer side of the
projector in front of or on the projection lens. The radiation is again linearly polarized
by this \/4 plate 37. By varying the orientation ¢, of the second N4 plate 37 with
respect to the incident direction of polarization Py, the direction of polarization P, of
the exiting beam can be adjusted. ;n this way the direction of polarization of the
projection beam can be adapted to the direction of polarization of the image projection
screen. . '

Since it is optionally possible to arrange the two A/4 plates 35 and 37,
they are shown in broken lines in Fig. 2. _

In the present-day image display systems, LCD panels are preferably used
which, dependent on the energization of a given pixel, convert linearly polarized
radiation having a given direction of polarization into linearly polarized radiation having
a second direction of polarization perpendicular to the first direstion of polarization, If
the LCD panel operates with circularly polarized radiation, the second M4 plate can be
arranged between the beam splitter 29 and the image display system 26. The direction
of polarization is then adapted before the radiation beam is modulated by the LCD
Panel.

If a color image is projected, the N4 plates 11, 35 and 37 should be
active as polarization rotators in the complete visible wavelength range. Such wide-band
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M4 plates are known per s¢ and are described, for example in the publication:
“Retardation Film for STN-LCDs "NRE’" by the firm of Nitto Dénkoin SID '92
Exhibit Guide, Society for Information Display, May 17-22, 1992, Boston,

Massachusetts, USA.

A wide-band M4 plate is a transparent element which is composed of, for
example a plurality of layers and rotates the phase in a beam for all wavelengths (\) in
the visible wavelength  range to such an extent that circularly polarized radiation is

converted into linearly polarized radiation, or conversely.
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L. A reflecting image projection screen comprising a polarizer and a
reflecting layer for-t&flecting radiation which is incident on the reflecting layer via the
polarizer, characterized in that the reflecting layer is a depolarizing diffuser layer and in
that the image projection screen includes a cholesteric filter between the polarizer and
the reflecting layer and a A\/4 plate between the polarizer and the cholesteric filter, the
direction of polarization of the radiation from the cholesteric filter corresponding to the
direction of polarization of the polarizer after conversion by the A4 plate.

2. A reflecting image projection screen as claimed in Claim 1, characterized
in that the reflecting layer is implemented as a beaded screen.

3. A reflecting image projection screen as claimed in Claim 1 or 2,
characterized in that the cholesteric filter is active in at least an essential part of the
complete visible waveiength range.

4. A reflecting image projection screen as claimed in Claim 3, characterized
in that the cholesteric filter is composed of a plurality of layers of quuid crystalline
material, each layer being active fof a different wavelength band, which wavelength
bands jointly cover substantially the visible wavelength range.

5. A reflecting image projection screen as claimed in Claim 3, characterized
in that the cholesteric filter has a single layer of liquid crystalline polymer material,
within which layer the pitch of the molecular helix varies across the layer thickness
between two values which correspond to the lower limit and the upper limit,
respectivély, of the wavelength band which is required to cover at least the complete
visible wavelength range.

6. A reflecting image projection screen as claimed in Claim 4, characterized
in that at least a plurality of layers of the cholesteric filter comprises a liquid crystalline
polymer material, within which layers the pitch of the molecular helix varies across the
layer thickness between two values which correspond to the lower Limit and the upper

limit, respectively, of the reflection band of the relevant layer.
7. An image projection system comprising an image projector provided with
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Iayers lity is to manufacture the cholesteric filter from
a- S|ngl mm ﬂﬂﬁmnu crystalline polynmer material, in which the pitch p
of ar ehlx*vanles across the |ayer thlckness bet ween a | ower

I|mt and an upper limt so that the resufgant reflection bandw dth
corresponds to the bandw dth which is reqwred for the filter to be

operative i m&ﬁ% h a
stacked fi Ie{ther a S%Hgif%%e‘ér%éﬁ#xﬁ? er as&%%l a van Ii(:\g]oencfo grglﬂ{’\t/&é% opti cal
quality. | rgehemted intagn amiacﬂeﬂngtiﬂmmgs projeetiampsdresl, chamtietiyewlpcthenmes Wi t h
an i ncreasing nunber of, ers due to the reser}ce of errors in the

chol esteri Jﬁﬁtémhffée?’blst% Tee03 gimed jnAny ong At dhe prrceding Slaimyang do dhat the
Vi ew ng anghé dFERRAST $latiAGR 3¢ Ue WdldlioRSupMtedesy % mage projector corresponds

to the direction of polarization of the linear polarizer in the projection screen.
8. An image projection system as claimed in Claim 7, characterized in that
an adjustable polanization rotator is arranged in the light path between the ‘illumination
system and the image projection screen. o

"9, An image projection system as claimed in Claim 8, characterized in that
the adjustable polarization rotator comprises a first and a second M4 plate, the first \/4
plate being oriented at an angle of 45° with respect to the direction of polarization of
the light beam supplied by the projector and the second N4 plate being rotatable so as
to adapt the direction of polarization supplied by the image projector to the direction of

polarization of the reflecting image projection screen.
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t hi ckness. This nmeans that the effectiveness of the filter decreases
considerably at |arger |layer thicnesses for radiation which is incident
an angle which is larger than a given angle of incidence. In order that
chol esteric | ayer having a reflection bandw dth of 50 nm shoul d have a
pol ari zing effect, the |ayer should have a m ni mumthickness of 5 [err]
Conseuuent | vy, thIS yields a mnimumthickkkss of 75 [err]mfor a filter
which is stacked with fifteen narrow band | ayers. For a single |ayer
chol est eri cABSTRaACThavi ng a varying pitch a | ayer

Reflecting image projection screen and image projection system comprising such a

Screen.

A reflecting image projection screen (1) is described, as well as an image

projection system-{17) in which such a projection screen (1) is used. Viewed from the

at

front side (3) of the projection screen (1), the image projection screen comprises, in this

order, a linear polarizer (9), a A4 plate (11), a reflecting polarizer (13) in the form of a

cholesteric filter and a reflecting layer (15) which is also active as a depolaﬁzing

diffuser !a}ér. By combining a cholesteric filter (13) with a depolarizing reflecting layer

(15), an image projection screen is obtained which is highly reflective to the direction of

polarization supplied by the image projector (19) and substantially absorbs the other

direction of polarization.

Fig. 2.
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t hi ckness of 20 [err]mis suffcient for this filter to be effective as a
pol ari zer, which enhances the effectiveness of the filter. A nethod of
manuf acturing a single-layer cholesteric filter having a pitch varying
across the layer thickness is described in the previously nentioned,

non- prepubl i shed European Patent Applicati-on no. 93200055.7. An enbodi nent
of the cholesteric filter having a better optical quality and a view ng
angle which is | ess dependent than that of a cholesteric filter conprising
a relatively large nunber of narrow band | ayers with a constant helix
pitch, is a cholesteric filter manufactured froma smaller nunmber of |ayers
in which the pitch p of the nolecular helix varies across the |ayer
thickness in at |east a nunber of these |layers. The reflection bandw dth of
the rel evant -l ayers may be increased to, for exanple 150
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nm

as- a beaded screen,

filter. This wll

For,

In that case the nunber
range can be reduced from 15 to 5. By inplenenting-the reflecting | ayer
the radiation is concentrated in a | obe.
the radiation is-presented to the filter within a [imted spatia

which leads to a reduction of the total gef
be illustrated with reference to a nuneri cal

for exanple an image projection screen having a di agonal

of

| ayers required for the visible wavel ength

15
As a result,
angl e,

efl ection band of the cholesteric

proj ection distance of 4 m the maxi mum angl e of

tan 1/4 14[err]. This

to cover the conplete V?ﬁlb|e wavel

(14[err] x 2[err]/[err]

]/50 nm= 8

ans that the nunber
rang
rs in

29

of |
eis
st ea

exanpl e.

of 1 mat a
i ncidence is given, by arc
ayers which is sufficient
given by [380 nm +
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F16.2
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t he above-nentioned fifteen |layers for |ayers having a narrow reflection
band, and by [380 nm+ (14[err] x 2 n[err]/150 nm'=3 | ayers instead of five
| ayers for |ayers having a |larger reflection band. For a single-Iayer
filter having a varying pitch, the lower-limt and upper-limt val ues of
the pitch p will be closer together due t30 Xhe use of a retroreflective

| ayer. The i nage projection system 17 shown diagrammatically in Fig. 2
conprises a reflecting i mage projection screen 1 as descri bed herei nbefore
and an i mge projector 19 which emts a |ight beam having a defined
direction of polarization for Projecting an i nage on the projection screen
1. The image projector 19 conprises an illumnation system 21, an i mge

di splay system 26 and a projection |l ens system 23

35 37

{5° (pr [& -PUIt

F )

FIG.3
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VWi ch, for the sake of sinplicity, is represented by a single projectatamsrss
| ens. The inmage display system 26 has, for exanple an i mge display panel
whi ch ‘may be i npl enmented, for exanple as a |iquid-crystal panel constituted
by a lfayer of liquid crystalline materi al 12 encl osed between two
transparent plates. Such panels, whose operation is based on changing or

not changi ng, deperRéfigdting imigeQrojeRign séreenumd dinsge! prjetion efstehedniprising swh a
pol ari zati on of thecrreéadl ation passing through these panels, should be

irradiated with

The invention relates to a reflecting image projection screen comprising a
polarizer and a reflecting layer for reflecting radiation which is incident on the
reflecting layer via the polarizer.

The invention also refates to an image projection system comprising such

a reflecting image projection screen.

An image projection system having a reflecting image projection screea of
the type described in the opening paragraph is known from European Patent Application
EP 0,295,913 A2. The image projection screen described in this Application is a
reflecting image projection screen and may be implemented, for example as a metal
screen. Since not only radiation supplied by the image projector, hereinafter referred to
as signal light, but also ambient light is incident on the image projection screen and is
reflected by this screen into the audience room, the ambience of this screen is to be

" considerably darkened in order that an image which is rich in contrast can be observed.
For this reason the side of the image projection screen facing the viewer is provided
with a polarizer which absorbs substantially 50% of the ambient light. In this manner
the reduction of contrast of the image due to ambient light is reduced. The illumination
system of the image projector comprises a radiation source whose radiation is split into
p and s-polarized radiation by a polarization-sensitive beam splitter. One of the two
linearly polarized beams is incident on a liquid crystal element in which the direction of
polarization of the beam is modulated in conformity with the image generated by the
element. Subsequently, the modulated radiation is projected in the form of an image on
the image projection screen via a projection lens. Since the projected signal light is
linearly polarized in the direction of polarization of the screen polarizer, this light is
substantiaily completely passed to the audience room by the polarizer on the screen after
reflection on the reflecting layer,

In the system described radiation incident on the image projection screen
is reflected at an angle whose size is substantially equal, but opposite to the angle of
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radi ati on having a defined state of polarization. To this end the
unpolarized radiation 27 which is emtted by the radiation source 25 and
concentrated by a condensor.lens system24, is split, for exanple by a .

pol arj zati on-sensitive beamsplitter 29, into two nutually perpendicularly
pol ari zed conponents 31 and 33, of which, for exanple the p- polarized beam

3l is incident ong cfh%néef“i‘ﬁ?idﬁxéﬁsé‘yinﬂﬁﬂ , irf finagt brofecHOH QGO IRk hich tEBGEge S
to be projected, the image & splay system has only one |'i qui d-crystal
panel . If the i mgwigrojicetirgh fgwg@g&!eitg thg cgilipg,and; 1ﬁg@§hﬁ%f¢&9§ il%ﬁswggm
the i mage display ré:fﬁéﬁr?r& , T exaMpiRlal Ml stén. TheMRAaBoh B deflébddowdryst al
panel s, one for each ol the primary colors of red, green and blue, and al so
a nunber of di chr diequdience room which is at a lower level than the projection screen.
Due to the required mutual positioning of the projector, the projection

screen and the viewer(s), a metal screen is applicable to a limited extent only. In

practice it is generally desired to have more freedom in the positions of said system

components and the viewers. A frequent arrangement is the one in which, for example,

a portable projector is placed at the viewers’ eye level, while it is further desired that

the projected image has a good quality from different positions, notably in the

horizountal plane.

It is an object of the invention to provide a novel type of image projection
screen satisfying the above-mentioned requirements and in which contrast reduction due
to ambient light is obviated to a considerable extent.

To this end the reflecting image projection screen according to the
invention is characterized in that the reflecting layer is a depolarizing diffuser layer and
in that the image projection screen includes a cholesteric filter between the polarizer and
the reflecting layer and a M4 piate between the polarizer and the cholesteric filter, the
direction of polarization of the radiation from the cholesteric filter corresponding to the
direction of polarization of the polarizer after conversion by the M4 plate.

A diffusely reflecting layer spreads the reflected signal light over a large
spatial angle so that an image having a good quality can be observed from different
positions, while there is a great freedom in the mutual positioning of projector and
projection screen. The reflection through a large spatial angle may, however, lead to a
reduction of the intensity of the signal light reflected towards the audience room. By
making use of a diffusely reflecting layer, which also has a depolarizing effect, in
combination with a cholesteric filter, a contrast which is at least as high as with a metal
screen at the same ambient light can be achieved in spite of the reflection through a
large spétial angle, while the freedom in position of the projector, the projection screen
and the viewers has increased considerably.

Depolarizing is herein understood to mean the at least partial conversion
of radiation having a given state of polarization into unpolarized radiation, i.e. radiation
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mrrors which split the beaminto a red, a green and a bl ue beam each bei ng
I nci dent on an associ ated panel. The beans passing through these panels are
conbined by a further set of dichroic mrrors to one beam which is incident
on the® projection l-ens system A color inmage pgojection systemnay al so be
| npl emented with one liquid-crystal panel only. In that case, use can be

made of a pattern dfaviegUdifferehi pdlarizaticw qompgmaitsi n front of the i nmage el ements,

passive-drive | mage di spl ay ChRRarCRetEe gBar Sty fvidpadobial Byt oeiighl 2

i mage di spl ay panelcsysatline creagerial Withd a ichglestenic oedeanTHiemeans e the nitddcelet of the

Application EP O Z%ate}éfl are ordered to a helical or helix-like structure with a pitch p. After such a
material has been provided in the form of a thin, optically active layer between two
parallel substrates, the helix-like structure is aligned in such a way that the axis of the
helix will be transverse to the layer. The alignment of the helix can be improved by
providing an orientation layer on the facing surfaces of the substrates.

The A/4 plate converts the linear polarization of the light into a circular
polarization which is necessary for the cholesteric filter, and conversely.

When an unpolarized radiation beam, originating from the depolarizing
diffuser layer, is incident on such a filter, a circularly polarized radiation component
having a direction of rotation (levorotatory or dextrorotatory) corresponding to the

“direction of the molecular helix whose wavelength corresponds to the pitch p of the
helix will be reflected. This state of polarization will be further referred to as the state
of polarization which is unsuitable for the system. A circularly polarized componeat
having the opposite direction of rotation will be passed and reach the audience room vie
the A4 plate and the polarizer, This state of polarization will be further referred to as
the state of polarization which is suitable for the system.

Consequently, light of the state of polarization which is unsuitable for the
system is not absorbed but again reflected towards the depolarizing layer by the
cholesteric filter. This light is subsequently depolarized by this layer and again sent to
the cholesteric filter so that a part thereof acquires the state of polarization which is
suitable for the system and can thus be passed on to the audience room via the
cholesteric filter. The remaining part is again reflected by the filter towards the
reflecting layer so that, due to the depolarization on said layer, again a part thereof is
incident in the correct state of polarization on the cholesteric filter so as to be passed on
to the audience room. Thus, for example, 80% of the light of the wavelength band for
which the cholesteric filter is active can be brought to the desired state of polarization.

By providing a cholesteric filter in an image projection screen with a
depolarizing reflecting layer and with a linear polarizer, a screen is obtained which has
a high reflection for the direction of polarization supplied by the projector and which is
substantially absorbing for the other dir-ction of polarization. In this way the reflection
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The i mage generated by neans of the inmage display system 26 is subsequently
magni fied by the projection |ens system 23 and i maged on the projection
screen 1. Instead of using a polarization-sensitive beamsplitter, as shown
in Fig. 2, with substantially 50%of the radi4tion emitted by the radiation
source being lost, a specia '

ial conposite prismas, descyribed.in United States
Patent US-A 5, 184, gighe ambient dight,cas pg redu .”‘ﬁ%"“%”yi 50, [958 BTOJEHEP PR fiPGne &
Patent is constit ugggsel}VretidtBngdlayé{TSo thithe contraRlof tefimggensy Wi dtheast as high as for
birefringent |ayer in between or exanpl.e of liquid crystalline material.
For a nore det ai | edimgiakicreenas B sage ar“ﬁ’éeq‘gbﬁ% splitter reference is made to
said United States Patent. (VHesnbéhadt datieBRn6Wh pér 2rto use dhslesterid fileerd 250
polari zation reflecting polarizers. Cholesteric filters are known, for example from the article
“Polarizing Color Filters made from Cholesteric LC Silicones” by R. Maurer et al. in
SID International Symposium 1990, Digest of Technical Papers, pp. 110-113. The
cholesteric filters described in this article have an optically active layer comprising a
liquid crystalline material with a cholesteric order based on silicones. Said article by
Maurer does not propose to combine the cholesteric filter with a depolarizing diffusely
reflecting layer in order to suppress disturbing unpolarized radiation.

A preferred embodiment of the reflecting image projection screen
according to the invention is characterized in that the reflecting layer is implemented as
a beaded screen. .

By implementing the reflecting layer as a beaded screen, the reflected
radiation is concentrated in a limited lobe. In this way, the radiation presented to the
filter is concentrated in a given angular area. Since the effectiveness of a cholesteric
filter as a polarizer decreases within a given wavelength band with an increasing angle
of incidence of the radiation to be polarized, the use of a beaded screen has the result
that it is sufficient to use a cholesteric filter with a smaller bandwidth so as to cover the
same wavelength range.

~ An embodiment of the reflecting image projection screen according to the
invention is characterized in that the cholesteric filter is active in at least an essential
part of the complete visible wavelength range.

In this way the afore-mentioned efficiency of 80% holds for the complete
visible wavelength range. Moreover, the radiation passed by the cholesteric filter is
suitable for illuminating both a monochrome and a color display- panel.

A first embodiment of the reflecting image projection screen according to
the invention having a wide-band cholesteric filter is characterized in that the cholesteric
filter is composed of a plurality of layers of liquid crystalline material, each layer being
active for a different wavelength band, which wavelength bands jointly cover
substantially the visible wavelength range.

A preferred embodiment of the reflecting image projection screen
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13 conponents of the souuce Light are used for illum nating the inmage
di splay panel. Since the direction of polarization of inmage projection
screens is not standardi zed, it is desirable to have a facility of rotating
the direction of polarization of the linearly Yolarized radiation fromthe

projector 19 before the radiati on reaches the inmage projection screen 1 by
arrangi ng an adj usegerdingge I%*P‘?&E“?fb?i‘v}“&taa‘flé?'@#&#‘%@%ﬁl}l@f Sahpastersg it (et

[err]/ 14 plates arpangge@Raiee hsnckidghClapdr Ve lighil chydBilike Ay mBahdlertl, Wilkn
| Tnearly which layer the pitch of the molecular helix varies across the layer thickness between
two values which correspond to the lower limit and the upper limit, respectively, of the
wavelength band which is required to cover at least the complete visible wavelength
range.

This smbodiment is based on the recognition that the pitch of the
molecular helix can be continuously varied in a liquid crystalline polymer material
having a cholesteric order. As described in the non-prepublished European Patent
Application no. 93200055.7 (PHN 14.345) in the name of the Applicant, the contents of
which Application are herein incorporated by reference, it is possible to vary the pitch
sufficiently within a single layer so that it is no longer necessary to stack a number of
layers each being formed by a liquid crystalline material and having a different
reflection band. By continuous variation of the pitch within a single layer, it is sufficient
to usé a layer thickness which is smaller than the total layer thickness required for
stacking different layers so as to cover the same reflection band, so that a filter having a
better optical quality can be obtained. In fact, the quality of such filters decreases
relatively rapidly with an increasing number of layers due to errors which are typical of
cholesterics and due to loss of molecular order. Moreover, the viewing angle
dependence of the filter increases with an increasing thickness. This means that the
effectiveness of the filter decreases considerably at larger layer thicknesses for radiation
which is incident at an angle which is larger than a given angle of incidence.

An embodiment of the reflecting image projection sereen according to the
invention having a wide-band cholesteric filter is characterized in that at least a plurality
of layers of the cholesteric filter comprises a liquid crystalline polymer material, within
which layers the pitch of the molecular helix varies across the layer thickness between
two values which correspond to the lower limit and the upper limit, respectively, of the
reflection band of the relevant layer.

By varying the pitch of at least a number of layers, the reflection band of
the relevant layers is increased. Consequently, it is sufficient to use a smaller number of
layers so as to cover the complete visible wavelength range, so that the above-
mentioned advantages of a smaller number of filter layers are also valid in this case.
This embodiment can be used, for example for cholesteric materials whose pitch of the
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pol ari zed light. The second plate is rotatable so as to adapt the direction
of polarization of the projection beamto the direction of polarization of
the pol arizer on the imge projection screen. This conversion of the state
of polarization is illustrated in Fig. 3. Fromga first [err]/4 plate 35
which is arranged, for exanple in the light path between the imge display
system 26 and the pélX witin @BingieNdyer tdhfottiervariéd sufficisntip al averzthé ide:sirecewhmwgthat

o ol e of 40l erthoke SR ARCHIENFhEEH 27 GheBOL AR Sl b be T 1S

converts the |ineathofespeit dittezmsy hadiadimied thicknessci rcul arly pol ari zed

radi ati on. Subsequently, t circ I arI rized radia ' nci.dent on

a second [err]/4 plate 37 \r/]\ﬁ ViR ?F%h&ggeéq F’bfmaéng?ﬁcéo“afwﬁ'a ?Wg“%‘ﬂﬁ Br

side of the proj ectaﬁllecting zmagnprojeéuonrscm ishiesquibed ixetintefort,cand to Tipspjacadifat | on

is again linearly BO e%ﬁng an image on the image projection screen, and is characterized in that the
projection screen is. & Streen as described hereinbefore and in that the direction of
polarization of the radiation supplied by the image projector corresponds to the direction
of polarization of the linear polarizer in the projection screen.

An image projector is herein understood to mean a device which is
provided with an image display system and optical means for projecting the image
generated by this system on an image projection screen.

The image display system may be, for example a liquid crystal display
panel (LCD) or may be constituted by three liquid crystal display panels and a plurality
of color-selective beam-splitting and beam-recombining elements. Such image display
systems supply radiation having a defined direction of polarization. If this defined
direction of polarization corresponds to the direction of polarization of the linear
polarizer on the image projection screen, which direction is in its tum coupled to the
rotational direction of polarization o} the cholesteric filter, this radiation is passed
undisturbed by the two polarizers so that the intensity of the image does not decrease.

The image display system may also be constituted by one or more cathode
ray tubes coated with an electro-optical layer as described in United States Patent US-A
4,127,322,

The generated image may be a video image, a graphic image, data or a
combination thereof.

An embodiment of the image projection system according to the invention
is characterized in that an adjustable polarization rotator is arranged in the light path
between the illumination system and the image projection screen.

By adding such an adjustable polarization rotator, the direction of
polarization supplied by the Projector can be adapted to that of the polarizer in the
reflecting image projection screen so that the light efficiency of the image projection can
be increased considerably.

A suitable embodiment of the image projection screen according to the
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by this X14 plate 37. By varying the orlentatloni‘o
plate 37 with respect to the incident direction §f
direction of polarization Pout of the exiting bean
way the direction of polarization of the projecttol

optionally possible to arrange the two X/ 4 plate
i n broken | imeatiomisFhgracRrized in teat #Ieeabmbﬂapolanugmndnowbagomymeemﬁrstﬁm

panel s are prefer I y .use ndent .on the ener Jjon,of a | ven
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pol ari zat i Othel difeRtibh BE PblaYizRMrA6f HEdighRBéd s&fplied\by"Ee projector and the second
A/4 plate being rotatable so as to adapt the direction of polarization supplied by the

image projector to the direction of polarization of the reflecting image projection screen.

The first"x/4 plate converts the linearly polarized radiation from the image
display system into circularly polarized radiation. This circularly polarized radiation is
subsequently converted by the second A/4 plate into linearly polarized radiation whose
direction of polarization is adapted to the direction of polarization of the screen. When a
color image projection system is used, the A/4 plates are preferably achromatic.

When the image display system operates with circularly polarized light
instead of linearly polarized light, the first A/4 plate may alternatively be arranged
between the beam splitter and the image display panel instead of behind the image
display panel.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

In the drawings

Fig. 1 shows an embodiment of a reflecting image projection screen
according to the invention,

Fig. 2 shows an embodiment of an image projection system with an image
display system supplying polarized radiation and a reflecting image projection screen
according to the invention, and

Fig. 3 shows the rotation of the direction of polarization by means of two
achromatic A\/4 plates.

Fig. 1 shows diagrammatically a reflecting image projection screen 1
having a front side 3 and a rear side 5 for reflecting light incident on the front side 3
towards an audience room 7. However, the radiation incident on the projection screen
does not only consist of radiation coming from an image projector, which radiation is
Further referred to as signal light, but also of ambient light. A major part of this

ambient light i i
tent light is also reflected by the image projection screens to the audience room,



a second direction of polarization perpendicul ar t@PLAQEMEMI SﬁEﬁgc tion of

pol arization. If the LCD panel operates with circulfarly polarized
radi ation, the second [err]/4 plate can be arranded b2Hnddl Wik Beam
splitter 29 and the inage display system 26. The Wijrecti on of poliaii zati on
is then adapted before the radiation beam Bs nodu arﬁ‘d"ﬁ?"’t‘ﬁé'%@b panel . |f
a color image is projected, the X/4 plates 11, 35 and 37 should.helactive

as q IOOLar le atreQitingPined @6§sxddi'aﬁlh eeduotiph ef eomicast bf ehenimagkeehrgddder dragen 1iBageh

wi de- ban

which is sufficiently rich in contrast can be observed, the audience room is to be
darkened considerably.

Moreover, image projection systems using a metal screen are preferably
suitable for arrangements where the image projector is secured to the ceiling. The
radiation beam from the projector is reflected by the screen towards the audience room
at substantially equal but opposite angles, which audience room is located at a lower
level than the screen. For, for example, portable systems, with the viewer and the
projector being at approximately the same level, it is relatively cumbersome to project
the image at a position suitable for the viewer when systems with a metal screen are
used.

With an image projection screen according to the present invention the
light is reflected at a large spatial angle into the audience room, so that the freedom of
the mutual position of the projector, the projection screen and the viewer has increased
considerably. Moreover, a contrast which is at least as high as with a metal screen is
achieved with the same ambient light.

Starting from the front side 3, the image projection screen 1 is therefore
composed of a first, linear polarizer 9, a A4 plate 11, a second polarizer 13 in the form
of a cholesteric filter and a reflecting layer 15 which also operates as a depolarizing
diffuser layer. This means that polarized radiation incident on this layer 15 is not only
diffusely reflected but is also at least partly converted into unpolarized radiation, in
other words, into radiation having different polarization components. The above-
mentioned components 9, 11, 13 and 15 are arranged on a support 4.

When such an image projection screen is irradiated by signal light having
a defined direction of polarization which corresponds to the direction of polarization of
the linear polarizer 9, the polarizer 9 will pass substantially 90% of this signal light,
while substantially 50% of the unpolarized ambient light will be-absorbed.
Subsequently, the linearly polarized light consisting of signal hght and ambient hght
leaving the polarizer 9 is incident on a M4 plate 11 which converts the linearly
polarized light into circularly polarized radiation, for example dextrorotatory radiation.
The subsequent cholesteric filter 13 is transparent to this light and passes the
dex‘trc.'mmory circularly polarized radiation component to the reflecting layer 15. The
radiation is not only diffusely reflected but also depolarized on this layer 15. In other



14 [err]/4 plates are known per se and are descrydegp e 2).0= 11 8
publication: "Retardation Filmfor STN-LCDs ' NdF"] bytheflrmo
Denko in SID '92 Exhibit Guide, Society for I|nflorimaDiéosiJBiigi ay
1992, Boston, Massachusetts, USA. A wide-band [frf i s §
transparent el ement which is conposed of, % or ekampre a plurality of layers
and rotates the phase in a beamfor all vvavel engt hs n . the .uisible

wavel engt h wendgethe slesuorotainryesiravarly pelpcizidr wdiation ys Qfmvartﬁ&i énfo radiatéan on i s
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dextrorotatory component thereof is passed by the cholesteric filter 13, while the

levorotatory component is reflected again by the filter 13 to the reflecting layer 15 so as
to be depolarized, reflected and partly passed again by the filter. Since the light is also
depolarized upon reflection on the screen and since the screen is provided with a
cholesteric filter; 2 possible reduction of intensity due to the diffuse reflection is amply
compensated for. Due to the repeated process of reflections and depolarization within
the screen, a high percentage, for example 80% of the signal light incident on the
screen is reflected towards the audience room.

It is true that the same percentage of the ambient light incident on the
projection screen and passing through the polarizer 3 is reflected to the audience room,
but since this light is only half that of the total ambient light, only 40% of the ambient
light incident on the screen is reflected.

The known cholesteric filters are only active as reflecting polarizers
within a relatively limited wavelength band, for example SO nm. Radiation having a
wavelength outside this wavelength band is passed unpolarized, which means that the
filter operates as a polarizer only in a given wavelength range. For color image
projection systéms it is, however, desirable that the cholesteric filter can convert the
state of polarization for the complete visible wavelength range whose wavelength
bandwidth is, for example 380 nm.

The width of the wavelength band A\ is given by AX = A\jAn/n in which
An = n, - 0, is the double refraction, while n, and nq are the extraordinary and
ordinary refractive index, respectively, and n = (n, + ng)/2 is the average refractive

index. A, is the central wavelength of the selective reflection band at perpendicular
(n e ¥ no)

)\0=Hp= 5

incidence of the radiation and is given by

in which p is the pitch of the molecular helix of the filter. The effectiveness of a
cholesteric filter as a polarizer decreases with an increasing angle of incidence of the
radiation to be polarized, in other words, a cholesteric filter is viewing angle-dependent.
In fact, if the angle of incidence is changed, there is a shift of the reflection band. The

effectiveness also decreases with an increasing thickness of the filter.
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A first possibility is to stack a plurality of narrow-band cholesteric layers
each having a different reflection band. The composite filter then has a total reflection
band width which is equal to the sum of the reflection bandwidths of the individual
layers.

Due to the scattering effect of the reflecting layer 13, the radiation
incident on this layer is scattered through an angular range of substantially 180°. As a
resuit, the reflection band of the cholesteric filter required for the visible wavelength
range is to be increased by a fictitious wavelength band so as to be effective for large
angles of incidence as well. The shift of the reflection band as a function of the angle of
incidence is, for example 2 nm per degree.

To be able to operate as a polarizer in the complete visible wavelength
range, while allowing for the shift of the reflection band of the cholesteric filter due to
the viewing angle dependence, the total reflection band should be {380 nm + (180° x 2
nm/°)] = 740 nm. Since the width of the reflection band is 50 nm on average for a
known cholesteric layer, a conventional stacked filter should have ~ 15 layers.

A second possibility is to manufacture the cholesteric filter from a single
layer of liquid crystalline polymer material, in which the pitch p of the molecular helix
varies across the layer thickness between a lower limit and an upper limit so that the
resultant reflection bandwidth corresponds to the bandwidth which is required for the
filter to be operative in the complete visible wavelength range. As compared with a
stacked filter, a single-layer filter has the advantage of a better optical quality. In fact,
when stacking layers, thg optical quality decreases with an increasing number of layers
due to the presence of errors in the cholesterics and due to the loss of a planar
molecular order. Moreover, the viewing angle dependence increases with an increasing
thickness. This means that the effectiveness of the filter decreases considerably at larger
layer thicknesses for radiation which is incident at an angle which is larger than a given
angle of incidence. In order that a cholesteric layer having a reflection bandwidth of 50
nm should have a polarizing effect, the layer should have a minimum thickness of 5
pm: Consequently, this yields a minimum thickness of 75 pm for a filter which is
sacked with fifteen narrow-band layers.

- . .
For a single-layer cholesteric filter having a varying pitch a layer
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An embodiment of the cholesteric filter having a better optical quality and
a viewing angle which is less dependent than that of a cholesteric filter comprising a
relatively large number of narrow-band layers with a constant helix pitch, is a
cholesteric filter manufactured from a smaller number of layers in which the pitch p of
the molecular helix varies across the layer thickness in at least a number of these layers.
The reflection bandwidth of the relevant layers may be increased to, for example 150 -
am. In that case the number of layers required for the visible wavelength range can be
reduced from 135 to 5.

By implementing the reflecting layer 15 as a beaded screen, the radiation
is concentrated in a lobe. As a result, the radiation is presented to the filter within a
limited spatial angle, which leads to a reduction of the total reflection band of the
cholesteric filter. This will be illustrated with reference to a numerical example. For,
for example an image projection screen having a diagonal of 1 m at a projection
distance of 4 m, the maximum angle of incidence is given by arc tan 1/4 = 14°. This
means that the number of layers which is sufficient to cover the complete visible
wavelength range is given by [380 om + (14° x 20m/°)}/50 nm = 8 layers instead of
the above-mentioned fifteen layers for layers having a narrow reflection band, and by
{380 nm + (14° x 2 nm/°®)}/150 nm = 3 layers instead of five layers for layers having
a larger reflection band. For a single-layer filter baving a varying pitch, the lower-limit
and upper-limit values of the pitch p will be closer together due to the use of a
retroreflective layer.

The image projection system 17 shown diagrammatically in Fig. 2
comprises a reflecting image projection screen 1 as described hereinbefore and an image
projector 19 which emits a light beam having a defined direction of polarization for
Projecting an image on the projection screen 1. The image projector 19 comprises an
illumination system 21, an image display system 26 and a projection lens system 23
Which, for the sake of simplicity, is represented by a single projection lens. The image
display system 26 has, for example an image display panel which may be implemented,
for ©xample as a liquid-crystal panel constituted by a layer of liquid crystalline material
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which is emitted by the radiation source 25 and concentrated by a condensor lens

system 24, is split, for example by a polarization-sensitive beam splitter 29, into two
mutually perpendicutarly polarized components 31 and 33, of which, for example the p-
polarized beam 31 is incident on the image display panel 26.

If a monochromatic image is to be projected, the image display system

has only one liquid-crystal panel.

| If the image projection system is a color image projection system, the
image display system 26 may comprise, for example three liquid-crystal panels, one for
each of the primary colors of red, green and blue, and also a number of dichroic
mirrors which split the beam into a red, a green and a blue beam each being incident on
an associated panel. The beams passing through these panels are combined by a further
set of dichroic mirrors to one beam which is incident on the projection lens system.

A color image projection system may also be implemented with one
liquid-crystal panel only. In that case, use can be made of a pattern of color filters
arranged in front of the image elements, as described in United States Patent US-A
5,029,986.

An active-drive or a passive-drive image display panel can be used. Both
types of direct-drive image display panels are described in , for example European
Patent Application EP 0 266 184.

The image generated by means of the image display system 26 is
subsequently magnified by the projection lens system 23 and imaged on the projection
screen 1.

Instead of using a polarization-sensitive beam splitter, as shown in Fig. 2,
with substantially 50% of the radiation emitted by the radiation source being lost, a
special composite prism as described in United States Patent US-A 5,184,248 is
preferably used. The prism described in this Patent is constituted by two prisms, for
example of glass with a birefringent layer in between, for example of liquid crystalline
material. For a more detailed description of the beam splitter reference is made to said
United States Patent. When such a beam splitter is used, the two polarization
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Since the direction of polarization of image projection screens is not
standardized, it is desirable to have a facility of rotating the direction of polarization of
the linearly polarized radiation from the projector 19 before the radiation reaches the
image projection screen 1 by arranging an adjustable polarization rotator, for example
comprising two A/4 plates arranged one behind the other in the light path of the linearly
polarized light. The sécond plate is rotatable so as to adapt the direction of polarization
of the projection beam to the direction of polarization of the polarizer on the image
projection screen. This conversion of the state of polarization is illustrated in Fig. 3.
From a first A/4 plate 35 which is arranged, for example in the light path between the
image display system 26 and the projection lens, the direction of polarization extends at
an angle of 45° to the incident direction of polarization P,. A is the central wavelength
of the radiation beam. This A/4 plate 35 converts the linearly polarized radiation into
circularly polarized radiation. Subsequently, the circularly polarized radiation is incident
on a second A/4 plate 37 which is arranged, for example along the outer side of the
projector in front of or on the projection lens. The radiation is again linearly polarized
by this A/4 plate 37. By varying the orientation ¢, of the second A/4 plate 37 with
respect to the incident direction of polarization P,,, the direction of polarization P, of
the exiting beam can be adjusted. ;n this way the direction of polarization of the
projection beam can be adapted to the direction of polarization of the image projection
screen.

Since it is optionally possible to arrange the two A/4 plates 35 and 37,
they are shown in broken lines in Fig. 2.

In the present-day image display systems, LCD panels are preferably used
which, dependent on the energization of a given pixel, convert linearly polarized
radiation having 2 given direction of polarization into linearly polarized radiation having
a second direction of polarization perpendicular to the first direction of polarization. If
the LCD panel operates with circularly polarized radiation, the second M4 plate can be
arranged between the beam splitter 29 and the image display system 26. The direction
of polarization is then adapted before the radiation beam is modulated by the LCD
Panel.

If a color image is projected, the A/4 plates 11, 35 and 37 should be
active as polarization rotators in the complete visible wavelength range. Such wide-band

as cl ai ned
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A wide-band N4 plate is a transparent element which is composed of, for
example a plurality of layers and rotates the phase in a beam for all wavelengths (A) in
the visible wavelength range to such an extent that circularly polarized radiation is

converted into linearly polarized radiation, or conversely.
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1. A reflecting image projection screen comprising a polarizer and a
reflecting layer for-téflecting radiation which is incident on the reflecting layer via the
polarizer, characterized in that the reflecting layer is a depolarizing diffuser layer and in
that the image projection screen includes a cholesteric filter between the polarizer and
the reflecting layer and a A\/4 plate between the polarizer and the cholesteric filter, the
direction of polarization of the radiation from the cholesteric filter corresponding to the
direction of polarization of the polarizer after conversion by the A/4 plate.

2. A reflecting image projection screen as claimed in Claim 1, characterized
in that the reflecting layer is implemented as a beaded screen.

3. A reflecting image projection screen as claimed in Claim 1 or 2,
characterized in that the cholesteric filter is active in at least an essential part of the
complete visible wavelength range.

4, A reflecting image projection screen as claimed in Claim 3, characterized
in that the cholesteric filter is composed of a plurality of layers of liquid crystalline
material, each layer being active for a different wavelength band, which wavelength
bands jointly cover substantially the visible wavelength range.

5. A reflecting image projection screen as claimed in Claim 3, characterized
in that the cholesteric filter has a single layer of liquid crystalline polymer material,
within which layer the pitch of the molecular helix varies across the layer thickness
between two values which correspond to the lower limit and the upper limit,
respectiveiy, of the wavelength band which is required to cover at least the complete
visible wavelength range.

6. A reflecting image projection screen as claimed in Claim 4, characterized
in that at least a plurality of layers of the cholesteric filter comprises a liquid crystalline
polymer material, within which layers the pitch of the molecular helix varies across the
layer thickness between two values which correspond to the lower limit and the upper

limit, respectively, of the reflection band of the relevant layer.
7. An image projection system comprising an image projector provided with



W

an image display system for modulating a radiation beam in conformity with the
generated image and a reflecting image projection screen, charactenized in that the
projection screen is a screen as claimed in any one of the preceding Claims and in that
the direction of polarization of the radiation supplied by the image projector corresponds
to the direction of polarization of the linear polarizer in the projection screen.

8. An image projection system as claimed in Claim 7, characterized in that
an adjustable polanzation rotator is arranged in the light path between the illumination
system and the image projection screen.

S. An image projection system as claimed in Claim 8, characterized in that
the adjustable polarization rotator comprises a first and a second M4 plate, the first \/4
plate being oriented at an angle of 45° with respect to the direction of polarization of
the light beam supplied by the projector and the second A4 plate being rotatable so as
t0 adapt the direction of polarization supplied by the image projector to the direction of

polarization of the reflecting image projection screen.
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ABSTRACT

Reflecting image projection screen and image projection system comprising such a

screen.

A reflecting image projection screen (1) is described, as well as an image
projection system-(17) in which such a projection screen (1) is used. Viewed from the
front side (3) of the projection screen (1), the image projection screen comprises, in this
order, a linear polarizer (9), a /4 plate (11), a reflecting polarizer (13) in the form of a
cholesteric filter and a reflecting layer (15) which is also active as a depolarizing
diffuser layer. By combining a cholesteric filter (13) with a depolarizing reflecting layer
(15), an image projection screen is obtained which is highly reflective to the direction of
polarization supplied by the image projector (19) and substantially absorbs the other

direction of polarization.

Fig. 2.
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