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(57) Abstract: Screen apparatuses
are provided which include a first
lens or holographic optical element
layer and a second mask layer. The
first layer substantially collimates
image light rays to impinge on the
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PROJECTION SCREEN APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to projection systems and projection screens and more

particularly to an improved screen apparatus that includes a double layered screen construction.

Background of the Related Art

Projected light may be used to display images on large surfaces, such as large computer
displays or television screens. In a front projection system, an image beam is projected from an
image source onto the front side of a reflection-type, angle transforming screen, which then reflects
the light toward a viewer positioned in front of the screen. In a rear projection system, the image
beam is projected onto the rear side of a transmission-type, angle transforming screen and
transmitted toward a viewer located in front of the screen.

Referring to Fig. 1, wide angle projection systems that include a screen apparatus 10 are
known to optimally use a conventional Fresnel lens 11 in combination with some diffusing element,
such as a substrate covered with glass beads (e.g., a type of diffuser or diffusive screen) 12. The
combination forms an imaging screen that produces an image. The Fresnel lens 11 and the
diffuser assembly 12 are held in relatively rigid or semi-rigid spaced apart relation to assure proper
operation of the combination. Such screens, known generally in the art as “black matrix bead" or
"BMB" screens, are commercially available from Minnesota Mining & Manufacturing Company and
others. Fresnel lenses used in devices such as overhead projectors and projection television are
commercially available from, for example, Fresnel Optics, Minnesota Mining & Manufacturing
Company, and others. The Fresnel lens 11 element is constructed to provide the optical properties

of a much thicker lens, however, with smaller thickness and weight. Concentric steps or

-1 -



WO 03/087927 PCT/US03/03116

discontinuities 11A allow these optical and physical properties to be realized. Each of the steps has
a curved profile, in cross-section, that exhibits optical power to redirect incident light 13. The cut-
out sections that define the steps reduce the overall size and weight.

In Fig. 1, the Fresnel lens 11 receives the incoming light 13 from a projection image engine
or image projector 14 (e.g., a liquid crystal display imager, a light source, and a projection lens that
produce image light in response to input video or other signals). The break in the light path of the
light 13 shown in Fig. 1 is included to recognize that the light 13 may be processed or filtered, for
example, projected by the projection or other lens (not shown), and is generally indicated by
numeral 13A. The screen apparatus 10 and the image engine 14 are arranged such that a light
beam exiting the Fresnel lens 11 is collimated, as shown by parallel rays of light 15. The collimated
rays 15 pass across an air gap 16 to a matrix of glass beads 17-21 in the diffuser assembly 12.
The glass beads 17-21 are mounted upon an adhesive black mask layer 22 that is on a first surface
23 of a substrate 24 of the diffuser assembly 12. As the collimated light rays 15 strike any of the
glass beads 17-21, the rays 15 are refracted and focused to a point as shown in Fig. 1. The
substrate 24 is light transparent so that a viewer 27 can see an image from the light 25 that passes
through a surface 26 (e.g., an acrylic, polystyrene, other polymer, or like surface) of the screen
apparatus 10. The exiting rays are now wide angle transformed for wide angle viewing. The
screen apparatus 10 can be an “touch screen” television screen, having a large diagonal
dimension, for example, substantially 60 inches, or a computer monitor screen.

Problems have been associated with BMB-type screens that affect their manufacturing
quality control. Uniformity of bead diameter has been problematic with the BMB screens of the type
having beads placed directly upon a substrate. In these screens the beads are, for example,
attached to the substrate by an adhesive. Some adhesives used in BMIB screens define a black
matrix that can have holes. These holes may allow light to pass through at improper locations.

Another problem with bead placement upon a matrix is associated with packing density. Often itis
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difficult to insure that the beads are densely packed enough to avoid light transmission non-
uniformity or image non-uniformity. The beads themselves may also suffer from diameter
variations, transparency differences, and surface glare, and may include relatively large inactive
portions and therefore non-useful parts.

The present invention is directed to avoid or substantially avoid some or all of the problems
set forth above, as well as other problems.

The above references are incorporated by reference herein where appropriate for

appropriate teachings of additional or alternative details, features and/or technical background.

SUMMARY OF THE INVENTION

An object of the invention is to solve at least the above problems and/or disadvantages
and to provide at least the advantages described hereinafter.

In general, in one aspect, embodiments of the invention feature a screen apparatus that
includes a first layer for substantially collimating light, a second continuous layer positioned
proximate the first layer for receiving the substantially collimated light from the first layer and for
converging the received substantially collimated light, and a third layer adjacent the second layer,
having a plurality of openings for receiving and altering the converging light as image light. The
second layer includes an array of bead-like members.

Additional advantages, objects, and features of the invention will be set forth in part in the
description which follows and in part will become apparent to those having ordinary skill in the art
upon examination of the following or may be leamned from practice of the invention. The objects
and advantages of the invention may be realized and attained as particularly pointed out in the

appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the
following detailed description and upon reference to the drawings in which:

Fig. 1. is a side, cross-sectional view of a prior art BMB projection screen that uses a
Fresnel lens in combination with a spaced apart bead covered diffuser;

Fig. 2 is a side, cross-sectional view of a screen apparatus in accordance with an
embodiment of the invention;

Fig. 3 is a partial perspective view of a portion of the embodiment in Fig. 2;

Fig. 4A is a cross-sectional view of a master tool for use in constructing a screen apparatus
in accordance with an embodiment of the invention;

Fig. 4B is a perspective view of an apparatus that uses a master tool in a process for
constructing a screen apparatus in accordance with an embodiment of the invention;

Fig. 4C is a perspective view of an apparatus used in making a master tool for use in
constructing a screen apparatus in accordance with an embodiment of the invention;

Fig. 5 is a side, cross-sectional view of a screen apparatus in accordance with an
embodiment of the invention; and

Figs. 6 and 7 are side, cross-sectional views of display apparatuses in accordance with
embodiments of the invention.

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein
described in detail. It should be understood, however, that the description herein of specific
embodiments is not intended to limit the invention to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the appended claims.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

llustrative embodiments of the invention are described below. In the interest of clarity, not
all features of an actual implementation are described in this specification. It will of course be
appreciated that in the development of any such actual embodiment, numerous implementation-
specific decisions must be made to achieve the developers’ specific goals, such as compliance with
system-related and business-related constraints, which will vary from one implementation to
another. Moreover, it will be appreciated that even if such a development effort were complex and
time-consuming, it would nevertheless be a routine undertaking for those of ordinary skill in the art
having the benefit of this disclosure.

The present invention provides an improved projection screen apparatus, such as for use
in a rear projection television or computer monitor that eliminates or substantially reduces the
problems and shortcomings of the prior art BMB-type projection screens. The present invention
provides a screen apparatus that includes a micro-replicated bead-like surface on a layer of
material that receives incoming light from a lens layer, such as a Fresnel lens.

In Fig. 2, a screen apparatus 30 is shown in accordance with an embodiment of the
invention. The screen apparatus 30 includes planar members, a first layer 31 and a second layer of
material 75, which can be parallel to each other, and are spaced apart by an air gap74. The first
layer 31 forms a collimating optical element (i.e., a collimator) or lens layer. The first layer of
material 31 can be in the form of a lens, such as a Fresnel lens. The layer 31 provides opposed
surfaces 33, 34. Incoming light radiation 32 from the image engine 14, which may be diverging (or
converging in other embodiments), strikes the first surface 33 of the first layer 31 and exits the
second surface 34 as substantially or completely collimated beam radiation. The collimated light 35
includes rays that are substantially parallel so that the beam does not converge or diverge
appreciably. The image light 32 is similar to the image light 13 in Fig. 1, with a break labeled 32A in

the light path being analogous to the break 13A in Fig. 1. For example, the light 32 may be
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processed or projected by a projection or other lens (not shown) to the first layer 31, as generally
indicated by the numeral 32A.

The second layer 75 (e.g., a diffuser 72) is a focusing (e.g., converging) layer. The first
surface 76 includes projecting members 78-81, which are like lenslets. In the example of Figure 2,
the projecting members 78-81 are convex-shaped bead-like projecting members; however other
shapes and configurations may also be appropriate. Each of the projecting members 78-81 has a
spherical sector or a like-rounded projecting portion 82 and a periphery 83, as shown in Figs. 2 and
3. Each projecting member 78-81 can be hexagonal in shape at its periphery 83, as shown in Fig.
3, although other shapes besides hexagonal could be used for the periphery 83 as will be
appreciated by those skilled in the art having the benefit of the present disclosure. Moreover, each
projecting member 78-81 terminates at the periphery 83, where one projecting member joins the
next. The periphery 83 defines the projecting members 78-81 as being only partially spherical or
partially rounded surfaces of other shapes. For example, the projecting members 78-81 may form
hemispheres. The spherical sector 82 is substantially equivalent to the active portion of the balls
17-21 in Fig. 1. (i.e., each of the spherical sectors 82 exhibits optical power). Only a portion of the
balls 17-21 is active and the remainder is inactive, so the spherical sector 82 is analogous to just
the active portion.

The projecting members 78-81 are not separate beads adhered to a substrate with black
adhesive, as with the prior art BMB screens. Instead, the projecting members 78-81 are integrally
formed with a substrate 84, beginning at the first surface 76 and terminating at the second surface
77 thereof. The substrate 84 is also integral or continuous with the projecting members 78-81. A
mask 86 can form a third or mask layer or coating (e.g., a thin coating) on the second surface 77 of
the diffuser 72, adjacent the substrate, as shown in Fig. 2. The mask 86 includes openings 87-91.
The openings 87-91 allow the image light 35, focused as light 92, fo pass through the mask 86 at

the focal point of each projecting member 78-81. The light rays are shown in Fig. 2 passing through
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opening 87, although the light 92 could have been drawn to pass through any one of the other
openings 88-91 if the incident light 32 passed through any one of the projecting members 79-81
corresponding to the openings 88-90. The light 92 can then be viewed by the viewer 27 after it is
diffused by the diffuser 72. The openings 87-91 can be laser ablated openings.

The projecting members 78-81 are very smalll, preferably spaced between about 5 and 100
microns apart, this spacing being designated by numeral 93 in Fig. 2. In general, the openings 87-
91 have the same spacing as the projecting members 78-81. The spacing of the openings 87-91
as well as the thickness of the mask 86, designated by numeral 94 in Fig. 2, can be of appropriate
or sufficient sizes, depending on the specific application, as determined by, but not limited to, the
visual quality and contrast of images observed on the screen apparatus 30 by the viewer, how close
or far the viewer needs to be from the screen apparatus 30 to resolve small image features, and the
like. The ratio of the thickness of the mask 86 to the size of the openings 87-91 should be
appropriate and sufficient to allow passage of image light through the openings 87-91 while
absorbing or substantially absorbing light not desired for imaging in the regions of the mask 86
between the openings 87-91, as will be appreciated by those skilled in the art having the benefit of
the present disclosure.

In accordance with an embodiment of the invention, a method of constructing the screen
apparatus 30 shown in Fig, 2 includes forming a matrix of the projecting members 78-81 on the first
. surface 76 of the substrate 84 and integral with the substrate 84. Formation of the projecting
members 78-81 will be discussed further below. The mask 86 is formed opposite the matrix of the
projecting members 78-81, preferably on the second surface 77 of the substrate 84. The mask 86
may be a black layer of material that does not allow light to pass through because of absorption.
For example, carbon or another black or light absorbing material impregnated in glue or cement
could be used for the mask 86, deposited on the second surface 77 of the substrate 84 by co-

extrusion, lamination, deposition, or other layering processes. The mask could also be a
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photosensitive material, and the like, such as photoresist impregnated with carbon or other black or
light absorbing material. The mask 86 could be a photographic film that can be selectively exposed
to light to form blackened light absorbing regions and light transmitting regions.

The openings 87-91 are then formed through the mask 86 at selected positions, so that the
light 92 can substantially only pass through the diffuser 72 at the openings 87-91. The first and
second layers 31, 75 are positioned (e.g., rigidly or semirigidly) generally parallel to one another to
receive the incoming image light 32. The portions of the mask 86 exclusive of the openings 87-91
will substantially prevent the transmission of light through the diffuser 72 in all but the selected
locations that correspond to the openings 87-91.

The openings 87-91 of the mask 86 are preferably formed with a laser, for example, by
laser ablation using an excimer laser. This may be accomplished by directing the laser radiation
along approximately the exact same path, relative to the screen apparatus 30, that the output
image light from engine 14 will pass during viewing by the viewer 27, as wili be appreciated by
those skilled in the art having the benefit of the present disclosure. The laser radiation is directed
through the first layer of material 31 and each projecting member 78-81 (e.g., the member 78)
focuses the laser light at a focal point 55 on the mask 86. Laser ablation then forms each opening
(e.g., the opening 87) in the mask 86 at the focal point 95 of the projecting member 78. In effect,
the laser simply takes the place of the projection engine 14 in Fig. 2 until all the desired openings
are burned or ablated through the mask 86. Thus, the openings are effectively self-aligned
because of the laser output being positioned where the image engine 14 will be later located for
imaging through the screen apparatus 30.

One process for forming the projecting members 78-81 at the first surface 76 of the
substrate 84 is micro-replication. Micro-replication can be performed after a master is constructed.
The master is constructed by making a surface relief tool that looks similar to a complement of the

screen apparatus embodiment shown in Fig. 3. The tool can be manufactured by a technique such
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as computer aided design (CAD) or an optical raytracing program and then the design could be
precision milled and/or ground according to the program to render the tool in a material (e.g., a
metal material) that forms a press or planar mold. Alternatively, a plastic material such as thermal
plastic could be used to form the surface relief tool, which would be hardened to retain its shape.
The material could be a photo-polymer that is polymerizable with ultraviolet light. An aluminum
layer (or the like) could then be deposited on its surface and then nickel (or the like) electro-plated
on the aluminum to form the master.

The master tool constructed with thermal plastic or photo-polymer, or the like, is generally
shown in cross-section in Fig. 4A to include a substrate portion 96, an aluminum layer 96B, and a
nicke! layer 96C. Either of the tools described above could be made to wrap around a cylinder or
roller. Whether a roller device or a press or planar mold device is used, the device would emboss
or mold the projecting surfaces on a transparent heated or heatable thermal plastic material or other
material used for the substrate 84. The roller would be turned or the mold pressed while embossing
or molding the projecting members 78-81 into the thermal plastic material fed to the roller or
presented to the press mold. Fig. 4B shows a roller 97 configured with the tool 96 wrapped around
it, a feeder or hopper 98 for feeding the thermal plastic material 99, which is dropped onto a
conveyer belt 99A. The material 99 could be heated in the hopper 98 and/or heated with an
appropriate heating means on the belt 99A, as will be appreciated by those skilled in the art having
the benefit of the present disclosure. Complements 96D of the projecting members 78-81 could
emboss the material 99 to form the projecting members 78-81 as the rollar 97 turns, as generally
shown in Fig. 413. The thermal plastic that forms the projecting member 78-81 could then be
hardened, for example, by photopolymerization. The projecting members 78-81 would be integral
or continuous with the substrate 84.

For a press or planar mold, the master would not be wrapped around a roller. Instead, the

planar mold would be heated and used to emboss or mold the projecting members 78-81 in the
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thermal plastic used for the substrate 84. This compression mold would be brought to bear on the
heated thermal plastic of the substrate 84. With either a roller or a planar mold method, the
thickness of the embossed projecting members 78-81 and the substrate 84 would be determined by
the gap or nip between the master and whatever surface is opposed to the roller or planar mold
(e.g., the conveyer belt 99A) with the material for the substrate 84 fed therebetween. In other
embodiments, an extrusion process could be used to form the projecting members 78-81 on the
substrate 84. All of these processes would allow for the projecting members 78-81 to be
asymmetrical, if so desired, rather than symmetrical like the embodiment shown in Fig. 3.

Another method for constructing a master, generally shown in Fig. 4C, uses an inkjet
nozzle 99B of an inkjet apparatus 99C to form microdroplets of a hot liquid 99D (such as a solder,
polymer, photoresist material, and the like) that land on a target substrate 99E. Depending on the
type of material ejected through the inkjet nozzle 99B, the droplets 99D would be controllably
formed with different meniscus profiles as the droplets 99D are scanned across the target substrate
99E. Spherical, approximately spherical, or other shaped surfaces could be produced as the
material lands on the target substrate 99E, which could be a metal, plastic, such as thermal plastic,
and the like. The droplets 99D that land form complements of the lenslets 78-81 shapes and are
used for micro-replicating (i.e., the droplets 99D that land form a “negative”). Aluminum can be
deposited on the droplets 99D that have landed (e.g., if the drops 99D are plastic or photoresist
materials), followed by nicke! electroplating to form a harder material layer, as described above.
The resulting mold can be wrapped around a cylinder or a roller or can be used to form a planar
mold that would be used to make a second “positive” master. The negative master would be used
to construct the positive master in plastic, or thermal plastic, which would also be coated with
aluminum and nickel as described above. The second master would be rolled or pressed against
fransparent photo-polymer or thermal plastic material fed to the roller or planar mold to emboss or

mold the projecting members 78-81. The projecting members 78-81 would then be hardened, for
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example, by LW photo-polymerization, as similarly described above.

Another method for constructing a master uses a photo-polymer base or other substrate on
which photosensitive material (e.g., photoresist) is deposited. A laser source is used to produce an
interference pattern (i.e., the laser can write the interference pattern in the photosensitive material)
using known techniques. The intensity profile of the interference pattem is controlled to correspond
to or approximately correspond to the desired profile for forming the projecting members 78-81.
The profiles could be designed to be cylindrical instead of spherical in some embodiments. For
example, the interference pattern could be written in the photoresist to produce two dimensional
(i.e., crossed) periodic cylindrical profiles with different periods between the peaks of adjacent
profiles in the two orthogonal directions. A certain level of control of the profile could be maintained
to produce the correct final cylindrical profiles in the photoresist, for example, through the use of
spatial filters, laser light masking, or other filtering techniques. Positive or negative photosensitive
material could be used, depending on the specific configuration, as will be appreciated by those
skilled in the art having the benefit of the present disclosure. After exposure and development of
the photosensitive material, whether a spherical or cylindrical profile is desired, aluminum could be
deposited to coat the remaining photosensitive material and regions where the photosensitive
material has been removed. This could be followed by nickel electro-plating to form the master. In
yet other methods for producing a master, a self-registering photomask would be used to produce a
pattern for exposure of the photosensitive material or a laser would be used with a lens or other
spatial filter to expose the photosensitive material in a desired exposure profile in a scanning
registration pattern (similar to the inkjet approach above) instead of by interference of a-laser beam.

It will be apparent to those skilled in the art that the masters described above could be
constructed to form the projecting members 78-81 with techniques that use one or more positive or
negative (i.e., complement) copying or rendering steps, or combinations thereof. Such positive or

\

negative or combination steps are included within the scope of the invention.
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Regardless of the technique of producing the master, as discussed, in certain
embodiments, cylindrical lenslets could be produced in the two orthogonal directions of a two
dimensional plane upon embossing or molding of material for the projecting members 78-81 with
the master. These lenslets could be designed to exhibit two different magnifications in the
orthogonal directions of a screen constructed with them as viewed by a viewer. The light would be
controlled asymmetrically with this screen such that the viewing angle in the vertical direction
is much smaller than the viewing angle in the horizontal direction in front of the screen. Therefore,
light that cannot be easily seen by the viewer would not be wasted in the vertical direction and
could instead be used more efficiently at least in the horizontal direction or in other ways. For
example, the portions of the angular spread of light from the screen going towards the ceiling and
floor, which are not easily seen by the viewer, would be more angularly limited than the portions of
the angular spread of the light in the horizontal plane in front of the screen, which are more easily
observed by the viewer.

Referring now to Fig. 5, a screen apparatus 100 is shown in accordance with another
embodiment of the invention. The screen apparatus 100 includes spaced apart components, a
holographic optical element (HOE) 102 and a diffuser 72" similar to the second layer 75 or the
diffuser 72 (all primed elements in Fig. 5 are similar to or analogous to their unprimed counterparts
in Fig. 3 and are constructed in similarity to the descriptions given above, including the descriptions
of the processes for constructing the projecting members). The HOE 102 forms the collimating
optical element (i.e., a collimator). The HOE 102 maybe formed by processes described in the
aforementioned U.S. Pat. application Serial No. 08/060,906, including recording in an appropriate
optical setup using reference and object beams.

The incoming light radiation 32 from the image engine 14, which may be diverging (or
converging in other embodiments), strikes a first surface 103 of the HOE 102 and exits the second

surface 104 of the HOE 102 as the substantially collimated beam radiation 35  (similar to the light
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35). The substantially collimated beam 35' includes rays that are substantially parallel so that the
beam does not converge or diverge appreciably. The HOE 102 and the diffuser 72' (e.g., a
focusing layer thereof are spaced apart by an air gap 74'. Minimizing the size of the air gap 74
may help reduce the effects of chromatic dispersion, as will be appreciated by those skilled in the
art having the benefit of the present disclosure.

The screen apparatuses 30 and 100 described above may be advantageously employed in
“folded” display apparatuses 200 and 250 shown in Figs. 6 and 7, respectively, in accordance with
embodiments of the invention. The display apparatuses 200 and 250 may form part of a computer
monitor or television display and are simiar to projection systems described in prior, co-owned U.S.
Pat. application Serial No. 08/581,108, filed December 29, 1995, by Richard M. Knox, entitled
“Projecting Images" and in European Pat. app. No. 96309443.8, EP0783133A1, filed December 23,
1996, by Richard M. Knox et al., entitled “P‘rojecting Images,” published July 9, 1997, which are
incorporated by reference herein in their entirety. The folded optical paths in the display
apparatuses 200 and 250 enables the size of these image projection apparatuses to be reduced
compared to other types of display apparatuses. For example, the “footprint” dimensions “L" and "L’
'may be made smaller by folding, which reduces the apparent projection lengths in these
apparatuses.

Referring to Fig. 6, the display apparatus 200 includes an image engine or projector 202,
which may be similar to the image engine 14 described above. The image engine 202 may also be
simiar to image engines described in U.S. Pat. application Serial No. 08/730,818, filed October 17,
1996, by Richard M. Knox, entitled ‘Image Projection System Engine Assembly,” which is
incorporated by reference herein in its entirety. The image engine outputs image light 204 in
response to input signals, for example, electronic, video, or other signals received from an antenna,
cable, computer, or controller. The image light 204 reflects off a lower mirror or reflector 206 to a

higher mirror or reflector 208. The light 204 is then reflected by the upper mirror or reflector 208
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and is directed to an optical element 210. The optical element 210 may be simiar to the first layer
31 (e.g., a Fresnel lens) or the HOE 102, depending on the design of the display apparatus 200.
The air gap 74, 74" is not shown in Fig. 6. The image light exiting the optical element 210 could,
therefore, be collimated, converging, or diverging, according to the particular design, as it enters a
diffusive screen or diffuser 212, held spaced apart from the optical element 210. The diffuser 212
may be simiar to the diffuser 72 or the diffusers described in the aforementioned U.S. Pat.
application Serial No. 08/060,906. The diffuser 212 scatters the image light as light 214, which the
viewer 27 can see as forming an image at the diffuser 212 of the display apparatus 200.

Referring to Fig. 7, the display apparatus 250 is shown, which includes an image engine or
projector 252, a signal splitter 254, an input cable 256, a sound system 258, a screen apparatus
260, and a back mirror or reflector 262. The image engine 252 may be similar to image engines
described above and in the aforementioned U.S. Pat. application Serial No. 08/730,818. The
screen apparatus 260 includes a polarizing reflector 264, an optical element 266, and a diffusive
screen or diffuser 268. The optical element 266 and the diffuser 268 are held together in spaced
apart relation (not shown in Fig. 7). The polarizing reflector 264 may be held in spaced apart
relation from the optical element 266 or not in spaced apart relation (i.e., substantially with no air
gaps, although not shown in Fig. 7). An example of a material that may be used for the polarizing
reflector 264 is double brightness enhancement film (DBEF), also called multilayered optical film
(MOE), commercially available from Minnesota Mining & Manufacturing Company, or other wide-
angle polarizing reflector materials. The polarizing reflector 264 has a characteristic of preferentially
reflecting light of a first linear polarization and preferentially transmitting light of a second linear
polarization, orthogonal to the first polarization light. Depending on the design of the display
apparatus 250, the optical element 266 may be similar to the first layer 31 or the HOE 102
described above. Likewise, depending on the design, the diffuser 268 may be any one of the

diffusers described in the aforementioned U.S. Pat. application Serial No. 08/060,906 or it may be
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the diffuser 72.

The back reflector 262 includes a mirror or reflector 270 and an achromatic retarder 272
that, depending on the design, may be layered, coated, bonded (e.g., with index matching
adhesive), adjacent or otherwise applied together in the order shown in Fig 7. The back mirror or
reflector 270 and the achromatic retarder 272 may be held together in spaced apart refation or not
in spaced apart relation (i.e., substantially with no air gaps). Suitable achromatic retarders may be
designed to accommodate a spaced apart arrangement, as will be appreciated by those skilled in
the art having the benefit of the present disclosure.

In operating the display apparatus 250, the image engine 252 receives an electronic signal
through the input cable 256 and provides the signal to the signal splitter 254. The signal splitter
254 divides the signal into, for example, a video signal and an audio signal, and provides these
signals to the image engine 252 and the sound system 258, respectively. The image engine 252
converts the video signal into projected image light 274. The electronic signal received by the cable
256 may be any type of signal containing video information, such as a television signal received by
an antenna or over cable lines, or a computer video signal received through a computer video
cable. The audio signal and the sound system are optional.

The image light 274 may be polarized in the image engine 252 in a light source thereof
(not shown) or by a polarizer (not shown) that may be employed external to the image engine 252
to polarize the image light in the first polarization discussed above. In a first instance, the image
light 274 output from the image engine 252 and polarized in the first polarization direction is
reflected by the polarizing reflector 264 toward the back reflector 262. The reflected image light 274
passes through the achromatic retarder 272 a first time, is reflected by the back mirror or reflector
270, and passes through the achromatic retarder 272 a second time directed again toward the
screen apparatus 260. The achromatic retarder 272 is designed to have an optical thickness

(substantially one-quarter wave), such that the double pass of the image light 274 in the first
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polarization will undergo an effective half-wave polarization shift or rotation of substantially 90
degrees. Thus, the image light 274 now directed toward the screen apparatus will substantially be
in the second polarization and will substantially pass through the polarizing reflector 264 to the
optical element 266. The optical element 266 collimates, converges, or diverges this light, according
to the design (similar or analogous converging and diverging operations are described in the
aforementioned U.S. Pat. application, Serial No. 08/060,906), which is subsequently scattered by
the diffuser 268 as image light 276. The viewer 27 can then observe an image produced by the
image light 276 at the diffuser 268 of the screen apparatus 260, in similarity to the descriptions
given above. The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled in the
art having the benefit of the teachings herein. Furthermore, no limitations are intended to the
details of construction or design herein shown, other than as described in the claims below. ltis
therefore evident that the particular embodiments disclosed above may be altered or modified and
all such variations are considered within the scope and spirit of the invention. Accordingly, the

protection sought herein is as set forth in the claims below.
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WHAT IS CLAIMED iS:

1. A screen apparatus, comprising:

a first layer adapted to substantially collimate light;

a second continuous layer positioned proximate the first layer adapted to receive
the substantially collimated light from the first layer and to converge the received substantially
collimated light, the second layer comprising an array of projecting members continuous with the
second layer, wherein the projecting members are configured to control an eyebox of the screen
apparatus; and

a third layer adjacent the second layer, having openings adapted to receive and to
pass the converging light as image light.

2. The screen apparatus of claim 1, wherein the projecting members comprise an
array of surfaces adapted to accept and focus the substantially collimated light.
3. The screen apparatus of claim 1, wherein the third layer comprises a mask portion

adapted to substantially block light transmission except at the plurality of openings.

4. The screen apparatus of claim 1, wherein the projecting members comprise
hemispheres.
5. The screen apparatus of claim 1, wherein each of the projecting members is

adapted to substantially focus light at a corresponding focal point.
8. The screen apparatus of claim 5, wherein each focal point is proximate one of the

plurality of openings.

7. The screen apparatus of claim 1, wherein the first layer comprises a Fresnel lens.

8. The screen apparatus of claim 1, wherein the first layer comprises discontinuous
steps.

0. The screen apparatus of claim 1, wherein the first, second layer and the third

layers are spaced apart by a substrate.
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10.  The screen apparatus of claim 1, wherein the projecting members comprise an
array of spherical sectors.
11, The screen apparatus of claim 1, wherein the first and second layers are spaced
apart by an air gap.
12.  The screen apparatus of claim 1, wherein the third layer comprises a black
adhesive material.
13.  The screen apparatus of claim 1, wherein the third layer is adapted to absorb light
that is not used as the image light.
14, The screen apparatus of claim 1, wherein the projecting members are spaced
hetween about 5 and 100 microns apart.
15.  The screen apparatus of claim 1, wherein the first layer comprises a holographic
optical element.
16. A computer monitor comprising the screen apparatus of claim 1.
17.  Atelevision display comprising the screen apparatus of claim 1.
18. A folded optical system comprising the screen apparatus of claim 1.
19.  The image projection system of claim 1, wherein regions between the openings are
adapted to exclude fight that is not the image light.
20.  Animage projection system, comprising:
a projection engine adapted to produce light;
a screen adapted to receive light from the engine, the screen forming a lens layer
adapted to collimate the light received from the engine;
the screen comprising a focusing layer adjacent to the lens layer and adapted to
receive the collimated light;
the focusing layer forming an array of projecting members being at least partially

rounded, wherein
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each of the projecting members is adapted to focus the collimated light to a
corresponding focal point;
the mask layer adapted to partially block light transmission; and
openings in the mask layer, one opening for each focal point adapted to allow the
focused light to pass through the mask layer.
21, The image projection system of claim 20, wherein the lens le{yer comprises a
Fresnel lens.
29.  The image projection system of claim 20, wherein the lens layer comprises a planar
member.
23, The image projection system of claim 20 wherein the lens layer comprises a
collimator.
24, The image projection system of claim 20, wherein the projecting members
comprise an array of hemispherically shaped beads.
95, The image projection system of claim 20, wherein the mask layer is spaced apart
from the projecting members.
26.  The image projection system of claim 20, wherein the mask layer comprises a
substrate.
27.  The image projection system of claim 20, wherein the mask layer comprises a thin
coating.
28.  The image projection system of claim 20, wherein the projection engine and the
screen are comprised in a folded optical system.
29. A method of manufacturing a projection screen, comprising:
providing a first layer for collimating light;
providing a second layer;

forming a matrix of projecting members continuous with the second layer for
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focusing the light, wherein the projecting members are configured to control an eyebox of the
projection screen;

providing a mask layer on the second layer for preventing the transmission of part
of the light; and

forming openings in the mask layer at selected positions for allowing passage of
another part of the light.

30.  The method of claim 29, further comprising positioning the first layer parallel to the
second layer.

31, The method of claim 29, wherein the openings are formed with a laser.

32, The method of claim 29, wherein the openings are formed with an excimer laser.

33 The method of claim 29, wherein each of the projecting members has a
corresponding focal point.

34.  The method of claim 29, wherein laser light is directed through the first layer, the
second layer and the mask so that the projecting members focus the laser light to form the
openings.

35 The method of claim 29, wherein the placing comprises positioning the first layer
generally parallel to the second layer.

36.  The method of claim 29, wherein the placing comprises positioning the first layers
spaced apart from second layer.

37 The method of claim 29, wherein the projecting members are formed by
microreplicating.

38.  The method of claim 29, wherein the projecting members are formed on the
second layer, the projecting members having a diameter of between about 5 and 100 microns.

39.  The method of claim 29, wherein the openings are formed through the mask layer

at selected positions such that light can pass through the openings.
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40.  The method of claim 29, further comprising forming the mask layer on the second
layer.
41 The method of claim 29, wherein the openings are formed about the focal points of
the projecting members.
42 The method of claim 29, wherein the first layer, the second layer, the projecting
members, and the mask layer are comprised in a folded optical system.
43, The method of claim 29, wherein providing the first layer comprises providing a
holographic optical element.
44,  The method of claim 43, further comprising providing an air gap between the
holographic optical element and the second layer.
45.  The method of claim 43, further comprising substantially minimizing a gap between
the holographic optical element and the second layer for reducing effects of chromatic dispersion.
46, The method of claim 29, further comprising forming the projecting members to
control magnification of image light differently in vertical and horizontal directions.
47. A method of constructing a projection screen for a display apparatus, comprising:
providing a first layer of material adapted to collimate light;
providing a second layer of material;
forming a matrix of projecting members,; each having a focal point, on the second
layer, the matrix of projecting members adapted to focus the light to the focal points, wherein the
projecting members are configured to control an eyebox of the display apparatus;
positioning a mask adapted to prevent transmission of some light transmitted
through the second layer in locations comprising the focal points; and
directing the light through the first layer and the matrix of projecting members to
form openings through the mask at the focal paints.

48, The method of claim 47, further comprising positioning the mask at the second
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49 The method of claim 47, wherein the light ablates the mask to form the openings.

50.  The method of claim 47, wherein the projecting members comprise spherical
shapes.

51 The method of claim 47, wherein the projecting members are formed in a molding
process.

50, The method of claim 47, wherein the projecting members are formed in an

embossing process.

53, The method of claim 47, wherein the projecting members comprise cylindrical
shapes.

54,  The method of claim 47, further comprising incorporating the first layer, the second
layer, the projecting members, and the mask in a folded optical display apparatus.

55. A screen apparatus, comprising:

4 sheet of at least partially ransmissive material having a first surface and a
second surface, wherein the first surface comprises a non-planar surface forming a predetermined
distribution of localized positive optical power units, the second surface has a layer of at least
partially absorbing material formed thereon, and the predetermined distribution of localized positive
optical power units are configured to control an eyebox of the screen apparatus.

56 The screen apparatus according to claim 55, wherein a viewing angle of the screen
apparatus is smaller in a vertical direction than in a horizontal direction.

57 The screen apparatus according to claim 55, wherein the predetermined
distribution of localized positive optical power units are configured to exhibit at least two different
magnifications.

58.  The screen apparatus according to claim 55, wherein the predetermined
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distribution of localized positive optical power units are configured to provide sufficient power to
ablate the partially absorbing layer when a source of laser energy is passed therethrough.

59 The screen apparatus according to claim 55, wherein the predetermined
distribution of localized positive optical power units are configured so that, when light is passed
therethrough, the light is focused sufficiently to expose the partially absorbing layer for
photolithography.

60,  The screen apparatus according to claim 55, wherein the localized positive optical
power units comprise a plurality of projecting members.

81.  The screen apparatus according to claim 60, wherein the plurality of projecting
members are substantially uniform in size and shape.

62.  The screen apparatus according to claim 60, wherein the plurality of projecting
members are spaced between approximately 5 and 100 microns apart.

63.  The screen apparatus according to claim 62, wherein the plurality of projecting
members each have substantially the same transmissivity.

64.  The screen apparatus according o claim 60, wherein the plurality of projecting
members are hemispheres.

65  The screen apparatus according to claim 60, wherein the plurality of projecting
members are cylindrical sectors.

86.  The screen apparatus according to claim 55, further comprising an optical element
optically coupled to the sheet and configured to receive light from an image engine.

67. The screen apparatus according to claim 66, wherein the optical element
substantially collimates the light received from the image engine.

68. The screen apparatus according fo claim 66, wherein the optical element
comprises a holographic optical element.

69.  The screen apparatus accordingly to claim 68, wherein a distance between the
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sheet and the holographic optical element is minimized to reduce chromatic dispersion.

70.  The screen apparatus according to claim 66, wherein the optical element
comprises a Fresnel lens. |

71, The screen apparatus according to claim 66, wherein the sheet focuses the light
received from the optical element.

72.  Afolded optical system comprising the screen apparatus of claim 66.

73.  The screen apparatus according to claim 72, further comprising:

a projection apparatus for producing an image on a display surface optically
coupled to the sheet, the projection apparatus including:

an image engine,

an optical device; and

an optical system capable of transmitting light from the image engine to the display
surface such that the light travels an image path which reaches the optical device twice on its way
to the display surface, for reflecting light from the display surface at one instance, and for passing
through the display surface at another instance, wherein the optical device is reflective of some light
and transmissive of other light.

74.  The screen apparatus according to claim 55, wherein the layer formed of at least
partially absorbing material comprises a plurality of openings, wherein each opening is substantially
aligned with a respective one of the localized positive optical power units.

75, The screen apparatus according to claim 74, wherein a ratio of a thickness of the
layer formed of at least partially absorbing material to a size of the plurality openings is configured
to allow passage of image light through the openings while absorbing other light in regions of the at
least partially absorbing layer between the openings.

76, The screen apparatus according to claim 55, wherein the layer formed of at least

partially absorbing material comprises one of carbon or another biack or light absorbing material
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impregnated in glue or cement.

77.  The screen apparatus according to claim 55, wherein the layer formed of at least
partially absorbing material comprises a black adhesive material.

78.  The screen apparatus according to claim 55, wherein the layer formed of at least
partially absorbing material is deposited on the second surface using one of co-extrusion,
lamination, deposition, or another layering process.

79.  The screen apparatus according to claim 55, wherein the layer formed of at least
partially absorbing material comprises a photosensitive material.

80. A computer monitor comprising the screen apparatus of claim 55.

81. A television comprising the screen apparatus of claim 55.

82.  The screen apparatus according to claim 55, wherein the sheet is rigid.

83.  The screen apparatus according to claim 55, wherein the sheet is non-rigid.

84. The screen apparatus according to claim 55, wherein the second surface
comprises an approximately planar surface.

85.  The screen apparatus according to claim 55, wherein the sizes of the optical power
units are approximately matched to a pixel size.

86.  The screen apparatus according to claim 55, wherein the optical power units
comprise refractive focusing units.

87.  The screen apparatus according to claim 55, wherein the optical power units
comprise diffractive focusing units.

88. A screen apparatus, comprising:

a sheet of at least partially transmissive material having a first surface and a
second surface, wherein the first surface comprises a non-planar surface forming a predetermined
distribution of localized positive optical power units, the second surface has a layer of at least

partially absorbing material formed thereon; and
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a holographic optical element opically coupled to the sheet and configured to
receive light from an image engine.

89.  The screen apparatus according to claim 88, wherein the holographic optical
element substantially collimates the light received from the image engine.

90.  The screen apparatus accordingly to claim 88, wherein a distance between the
sheet and the holographic optical element is minimized to reduce chromatic dispersion.

91. A screen apparatus, comprising:

a sheet of at least partially transmissive material having a first surface and a
second surface, wherein the first surface comprises a non-planar surface forming a predetermined
distribution of localized positive optical power units, the second surface has a layer of at least
partially absorbing material formed thereon; and

a projection apparatus for producing an image on a display surface optically
coupled to the sheet, the projection apparatus including:

an image engine;

an optical device; and

an optical system capable of fransmitting light from the image engine to the display
surface such that the light travels an image path which reaches the optical device twice on its way
to the display surfacé, for reflecting light from the display surface at one instance, and for passing
through the display surface at another instance, wherein the optical device is reflective of some light
and transmissive of other light.

92. A method of forming a screen apparatus, comprising:

forming a predetermined distribution of localized positive optical power units
configured to control an eyebox of the screen apparatus on a sheet of at least partially
transmissive material having a first surface and a second surface;

forming a layer of at least partially absorbing material on the second surface of the
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sheet; and

forming openings in the at least partially absorbing layer by irradiating the at least
partially absorbing layer with light through the first surface of the sheet, wherein the localized
positive optical power units focus the light so that the openings are created in the at least partially
absorbing layer that are substantially aligned with the localized positive optical power units.

93.  The screen apparatus according to claim 92, wherein a ratio of a thickness of the at
least partially absorbing layer to a size of the openings is configured to allow passage of image light
through the openings while absorbing other light in regions of the at least partially absorbing layer
between the openings.

94, The screen apparatus according to claim 92, wherein the at least partially
absorbing layer comprises one of carbon or another black or an at least partially absorbing material
impregnated in glue or cement, and wherein the step of forming openings in the at least partially
absorbing layer by irradiating the at least partially absorbing layer with a light comprises abating the
openings with coherent light.

95.  The screen apparatus according to claim 92, wherein the step of forming the at
least partially absorbing layer on the second surface of the sheet comprises depositing the at least
partially absorbing layer on the second surface of the substrate using one of co-extrusion,
lamination, deposition, or another layering process.

96. The screen apparatus according to claim 92, wherein the at least partially
absorbing layer comprises a photosensitive material: and the step of forming openings in the at
least partially absorbing layer by irradiating the at least partially absorbing layer with light through
the first surface of the substrate comprises forming lightened areas in the photosensitive material
though which light can pass.

97. A method of forming localized positive optical power units in a substrate,

comprising:
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forming a master in the form of a complement to a desired arrangement of
localized positive optical power units on a substrate; and

molding a plurality of localized positive optical power units onto a substrate using
the master.

98.  The method of claim 97, wherein the master is designed using one of computer
aided design or an optical ray tracing program.

99, The method of claim 98, wherein the master is manufactured using precision
milling or is ground to form a press or planar mold.

100.  The method of claim 97, wherein the master is formed of a thermal plastic material
which is hardened to retain its shape.

101.  The method of claim 100, wherein the master is formed of photo-polymer that is
polymerized with ultraviolet light.

102.  The method of claim 97, wherein the master comprises a substrate having a first
layer comprising aluminum deposited thereon and a second layer comprising nickel deposited on
the first layer.

103.  The method of claim 97, wherein the master is configured to wrap around a
cylinder or roller, which is then used to.mold a plurality of bead-like projecting members onto a
substrate.

104.  The method of claim 97, wherein the step of molding a plurality'of localized positive
optical power units onto a substrate using the master comprises heating the master and then
embossing a plurality of localized positive optical power units onto a substrate using the heated
master.

105. The method of claim 97, wherein the step of forming a master in the form of a
complement to a desired arrangement of localized positive optical power units on a substrate

comprises providing a base substrate; and projecting microdroplets of a hot liquid ink onto the base
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substrate, thereby forming a complement of a desired arrangement of localized positive optical
power units on the base substrate.

106. The method of claim 105, wherein the localized positive optical power units
comprise projecting members.

107. The method of claim 108, wherein the projecting members are spherical, or
approximately spherical.

108.  The method of claim 105, wherein the substrate is metal, or plastic.
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