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e invention relates to a rear prOJectl?n screen conprising an optically
transparent plate having a first surface*which is provided with a structure
of j uxtaposed . cylindrical lenses extending in a first direction and,
arrange {PEieetion; 6888 0, a second surface which is intended to be
directed towards an audi ence space and is provided with first, 5
| i ght-absorbing strips also extending in the first direction, said plate

conprising diffusing means on the second surface.
The invention also relates to an image projection device conprising such a
rear projection screen and to a method of nmanufacturing such a screen. 10
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10 When projecting an image in an audience space, the aim is to give the
image formed on a projection screen a homogeneous and large brightness in a limited part of
the audience space, viz. only in the space where the audience is present. In this way the
available radiation energy can be optimally utilized for the image observed by the audience.
The part where the audience is present is, however, a relatively limited part and has different

15 dimensions in the vertical and horizontal directions. In the horizontal direction the viewing
angle should be as large as possible, whereas the vertical viewing angle is generally much

smaller. To realise the different viewing angles, the image projection screen may be provided
with means which ensure a horizontal spread and means whxch ensure a vertical spread of the
light.

20 Ammmmofme'typembedmmeopmgpamgmph is
known from United States Patent US-A 3,832,032. The projection screen described in this
Patent has a structure of juxtaposed cylindrical lenses extending in the vertical direction on
the surface facing the projector. The cylindrical lenses focus the signal light from the
projector into focal lines on the surface directed towards the audience space. The surface

25 directed towards the audience space is provided with first strips of light-absorbing material
outside the focal lines formed by the lens structure and ensures the spread of light in the
horizontal direction. Since the signal light is concentrated by the cylindrical lenses in the
spaces between the light-absorbing strips, this light is thus sﬁbstanﬁally not subjected to
absorption by the strips, while a large part of the ambient light in the audience space is
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1

the audience space. B
' It is to be noted that dlffusers in the form of spherical parucles are known
25 which ensure diffusion of hght simultaneously in the horizontal and vertical directions.
However, this has the drawback that the diffusion is circularly symmetrical so that extra
'mea'su_res_ will still have to be taken when a different viewing angle in the vertical and
horizontal direction is desired. -

30 - Itis an object of the invention to provxde a rear pro;ecuon screen in which
an opumum dxstnbunon of the pro;ected light is achieved in the audience space, while the
above-menuoned drawbacks are obvxated ‘which screen also has a htgh contrast and can: be

'manufacturedmasxmplemanner . o
To this end the rear projecnon screen. acoordmg to the invention is
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20 the audience space. _

1t is to be noted that the hologram may be a computer-generatéd hologram
instead of a hologram obtained by means of interfering laser beams.

Since further light-absorbing material is provided on a large part of the
surface facing the audience space, which material considerably suppresses the ambient light,

25 images having a high contrast can be obtained.

The structure of juxtaposed cylindrical lenses on the surface of the screen
directed towards the.projector ensures that signal light incident on this surface and coming
from the projector is focused in focal lines on or proximate to the surface directed towards
the audience space.

30 In the known projection screen the structure of cylindrical lenses on the
screen surface has the function of spreading light in a given direction. Particularly when
horizontal spread is concerned, the lenses should be relatively powerful because a relatively
large horizontal viewing angle is generally desired. To realise this spread, the optically
transparent plate should be relatively thin. Since the cylindrical lenses in the projection
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20 “The hologram structure is thus made only once as a mold and
subsequently replicated on a series of plates in a relatively simple manner.
| Asecondembodunentofthemrprojecnonscreenaocordmgtothe .
invention 1s charactenzed in that the hologram is a volume hologram '

Ina volume hologram the interference pattem is fixed in the form of

25 refracuon variations across the thickness of the photosensmve layer. This photosensitive -
layer is, for example a dichromatic gelatin or a photopolymeric layer which is provided on a
transparent plate. In this easethe hologram itself is prov1ded on the screen instead of as a
copy of a mold, An advantage of such a hologram is that it does not have a surface structure
so that it can easily be provided without risk of damage with the hght-absorbmg strips and

30 can be cleaned w1thout damage _ . S :

- Itis to be noted that a dxffusmg hologram and a volume hologram, as well
asa surface relief hologram in combmatton with a Fresnel lens and used as a rear pro_]ectlon
screen are known per se from the article "Holographtc lefusers for LCD Backlights and
Projection Screens” by J.M. Tedesco et al. in SID 93 Dlgest PP 29-32 Such a screen .
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In this case the screen surface is provided with absorbing material at all
those areas where no signal light is incident, while signal light is only incident at areas where

25 there is no absorbing material. An optimum contrast can be realised in this way.

A further embodiment of the rear projection screen according to the
invention is characterized in that the rear projection screen further comprises a Fresnel lens
at the side of the first surface. o

This lens has a converging effect and ensures that the exit pupil of the

30 projection lens system present in the projection system is imaged in the audience space.

The invention also relates to an image projection device comprising an
image projector which is provided with an image display system for modulating a radiation
beam in accordance with an image to be projected, and an image projection screen, said
image projection device being characterized in that the image projection screen is a rear
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25 F1g 2 shows ina dlagmmmauc perspecnve view an embodiment of a rear
pro;ectlon screen accordmg to the mvennon

The 1mage projecnon device 1 shown in F1g 1 comprises an 1mage
projector 3 and a rear pro_]ecnon screen 5 The image projector 3 incorporates an
30 illumination system 7 compnsmg a radxauon source 4, a reflector 8 and a condensor lens
system 6 for concemranng the radlauon from the radiation source 4 and reflector 8toa
beam, an image display sysnem 9 for modulatmg the ﬂlummauon beam in conformity with
the i 1mage to be projected; and a projection lens system 11, shown by way of a single lens.
for the sake of simplicity, for projecting the image on thepro_]ectlon screen 5.
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derived from the angles at which the incident radiation has been reflected by the mirror
elements.

The image display system may alternatively be constituted by one or more
cathode ray tubes provided with an electro-optical layer.

20 The projection screen 5 comprises an optically transparent plate 13 having .
a first surface 15 which is intended to be directed towards the image projector 3, and a
second surface 17 which is intended to be directed towards an audience space 25.

Fig. 2 is a diagrammatic perspective view of an embodiment of the
projection screen 5. The first surface 15 has a structure of juxtaposed cylindrical lenses 21

25 which extend in a first direction denoted by arrow 23,

The cylindrical lenses 21 and the thickness of the screen 5 have such a
curvature that a part b of the beam incident on each cylindrical lens 21, which beam
originates from the image projector 3 and can be projected on the screen 5, is focused in an
associated focal line which is located on or proximate to the second surface 17.

30 The second surface 17 is provided with strips 19 of a light-absorbing
material for absorbing ambient light incident on the screen. The strips 19 extend in the same
direction 23 as the cylindrical lenses 21 and are located outside the strips 29 on which
radiation is concentrated by the cylindrical lenses 21. In this way, the signal light is only
incident on the screen between the strips 19, while a large part of the ambient light is
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20 A holographic diffuser is obtained by mccns of an object beam emitted by

' a conventional diffuser. In principle, the holographic diffuser is an imcgc of a speckle pattern .
obtained with an optical mncrference system in which conventional scattering diffusers are -
incorporated. The geometry of the holog_x‘aPhic_pick1W device may be chosen to be such that
the speckie patte_ni obtained has different structures in two mutually perpendicular directions.
25 When reconstructing the hologram thus obtaixicd, thus when ﬂluminaﬁng the holographic -

diffuser with signal light, this light in the tWo directions is subjected to different diffusions
based on diffraction in accordance with the different structures of the speckle pattern in these
directions.

Itis to bc noted that_'thc hologram m_ay_.bc a ccmputer-gencrated hologram
30 instead of a hologram obtained by means of interfering laser beams.

Since the area in an audlence space in whlch the audience is present is
much larger in the honzontal direction than in the vertical direction, the angles at which light
is diffused in these dxrecn_ons shculd_ be different. In..pracuc_e, a diffusion of between, for
example -40° and +40° is desired in the horizontal direction, whereas the desired diffusion
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may be pthsoughethetranspasent platasp thatrthe lacquer layer is cured and the mold can be removed.:
20

A second possibility is to implement the diffusing means as a volume
hologram. In such a hologram a three-dimensional interference pattern in the form of
refractive index variations throughout the layer thickness is written into, for example a
photopolymeric layer or a dichromatic gelatin. Such a hologram has a smooth surface so that

25 it is relatively simple to provide the light-absorbing stiips on this surface. In this case the
hologram itself instead of a replica is directly provided on the screen.

In known projection screens the cylindrical lenses 21 have a light-
spreading function. Particularly when they spread light in the horizontal direction, the
cylindrical lenses 21 should be relatively powerful and the transparent plate should be

30 relatively thin to ensure a sufficiently large spread of light. Since the cylindrical lenses 21 do
not have a light-spreading function in a given direction in the present invention, but should
only concentrate the signal light in given strips, it is sufficient to use relatively weak lenses
so that the plate may be thicker. This contributes to the stability of the screen. Moreover, the
cylindrical lenses may extend in the vertical direction as well as in the horizontal direction as
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WO 96/g7§gt1 ) gram1spresentat e second surface 17. After curing, the two molds are removed
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in the vertlcg dlrect I S between :
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20 provided on the second surface stnps of wluch'are 111ummated at the area of the strips to be -
blackened. There will be no photosensitive matenal left at these areas after developing and
rinsing. Snbsequently, the complete surface is blackened, whereafter the non-illuminated
photoresist can be removed and a pattern of black strips is left. _ :
If the surface 17 is formed in such a way that the stnps 19 are located
25 higher than the narrow strips 29 in which the signal light is concentrated the strips 19,can be
blackened by means of a rolling or pressing technique for black ink or by means of a coating
technique for black _'sjnthetic material. |
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other hand are such that the focal line of each cylindrical lens is located between two first
strips at the area of or proximate to the second surface.
5. A rear projection screen as claimed in Claim 4, characterized in that at
20 the area of the second surface of the plate, the widths in the first direction of each light beam
coming from the cylindrical lenses are substantially equal to the widths of the second strips

corresponding to said lenses.
6. ' A rear projection screen as claimed in any one of the preceding Claims,

characterized in that the rear projection screen further comprises a Fresnel lens at the side of
25 the first surface.

7. An image projection device comprising an image projector which is

provided with an image display system for modulating a radiation beam in accordance with

an image to be projected, and an image projection screen, characterized in that the image

projection screen is a rear projection screen as claimed in any one of the preceding Claims.
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A rear projection screen (5) is described, which comprises an optically transparent plate (13), a first surface (15) of which is provided
with a structure of juxtaposed cylindrical lenses (21) which extend in a first direction and a second, opposite surface (17) intended to be
directed towards an andience space (25) is provided with strips (19) of a light-absorbing material. These strips (19) also extend in the
first direction. On the second surface (17) the plate {13) comprises diffusing means which are formed by a single element by means of a
hologram, which clement diffuses the light simultaneously in the first direction at a first angle and in a second direction, perpendicular to
the first direction, at a second angle, the first and the second angle being different from each other.




