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A front projection screen is made up of a front
portion and a rear portion, the front portion having a front
surface defining a front lenticular lens array and light q
scatiering particles forming a diffusion region between
the front and rear sutfaces, and the rear portion having a iy
reflective surface spaced apart from the diffusion region.
In use, an incoming ray of projected light traverses the
diffusion region and the space between the diffusion
region and the reflective surface, before being reflected g
back through these regions again. Thus, the ray traverses 3
different portions of the diffusion region in different
directions, increasing the likelihood that the ray will
encounter at least one scattering particle, thus reducing
the incidence of speckle. A stiffening layer of a glass
plate with an anti-reflection coating is bonded to the front
surface of the screen. 1000
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front projection screens to display the projected i mages w th adequate
contrast over a w de view ng angle. 15 Various front

proj ection screens are known which enploy either a rear surface |enticular
|l ens array or a linear fresnel lens array, together with [ight scattering
particles to spoemdisszhe i mage into the audigence field. See, davsspooen! e, US
patents 4,767,186; 4,964, 695; and 4, 911,5291. These screens nmay al so enpl oy

| i ght - absor bi ar eas. bet ween. 1t he .|l ens. el e ts to absorb anmbient |ight and
IFP%& é)éOJE&'le{l Sereen wg% li'enucﬁar front Stttace.

t hus i nprove One probl em encount er ed
wi th such small aperture systens is that |ight may pass through the screen
w t hout encountering any of the light scattering particles, giving rise to
a phenonenon known as scintillation or speckle, which is the random
occurrence of bright spots on the screen. Such scintillation or speckle is
obviously undesirable in that it reduces definition, and is distracting to
the viewer. 25 (bjects and sunmary of the invention

. nd of the inventio

- This invention relates to front projection screens, and more particularly
relates to such screens having a front projection screen having a front portion and a rear
portion, each portion having a front surface and a rear surface, the front portion having light

5 scattering particles defining a diffusion region between the front and rear surfaces, the front

surface of the front portion defining a front lenticular lens array, the array comprised of
mutually parallel lenticules extending longitudinally across the screen, and the rear portion
defining a reflective surface in spaced apart relationship to the diffusion region of the front
portion. :

10 The development of small display devices such as LCDs (liquid crystal
displays) and DMDs (deformable mirror devices) suitable for reproducing video images, has
given rise to the need for small aperture projection optics to project these images, and for
front projection screens to display the projected images with adequate contrast over a wide
viewing angle.

15 Various front projection screens are known which employ either a rear
surface lenticular lens array or a linear fresnel lens array, together with light scattering
particles to spread the image into the audience field. See, for example, US patents
4,767,186; 4,964,695; and 4,911,529. These screens may also employ light-absorbing areas
between the lens elements to absorb ambient light and thus improve image contrast.

20 One problem encountered with such small aperture systems is that light
may pass through the screen without encountering any of the light scattering particles, giving
rise to a phenomenon known as scintillation or speckle, which is the random occurrence of
bright spots on the screen. Such scintillation or speckle is obviously undesirable in that it
reduces definition, and is distracting to the viewer.

i al invention

Accordingly, it is an object of the invention to provide a front projection

-

screen in which the incidence of scintillation or speckle is reduced.

It is a further object of the invention to provide a front projection screen,



Accordingly, it is an object of the invention to provide a front projection
screen in wWhich the incidence of scintillation or speckle is reduced. It is
a further object of the invention to provide a front projection screen,

in which a reliable stable construction is realized. It is another object
of the inventi ewoémagseovi de a front projection screen, in wipeimoghossences
of the anbient, such as heat and/or huniditﬁ on the stability of the

construction of the fro ectlon scre n gre reduced drastically.. 5
I n accor danceMVRfh PHEMQM‘% j ection screen is '
characterized in that the Iffsmnbtharémaxbfmexmeaanﬁmﬂe adonaprofectién screen,

hawi g = fr ont® Spieh hifleget 8t omiceb et B Pl YRR o8 P it rie o,

wi th the frontomttidiion of the fréi pkojestion saesn are redhiceddnagiicahe. | enti cul ar | ens

array, and 5t he In accordance with the invention, a front projection screen is characterized
in that the front projection screen comprises a front transparent stiffening layer, the stiffening
layer comprising a plate having a front and a rear surface, the rear surface of the plate in
contact with the front surface of the front portion defining the lenticular lens array, and the
front surface of the plate having an anti-reflection layer. .

10 In use, an incoming ray of projected light traverses the diffusion region and the space
between the diffusion region and the reflective surface, before being reflected back through
these regions again. Thus, the ray traverses different areas of the diffusion region in different
directions, increasing the likelihood that the ray will encounter at least one light scattering
particle, and thereby reducing the incidence of speckle. The stiffening front transparent layer

15 oprovides a stable construction with increased stiffness, which results in better performance
due to better optical properties as a consequence of lower mechanical deformations of the
screen. Further the stiffening front transparent layer provides a longer stable performance of
the screen, because influences from the ambient have been shielded. As a consequence a
likelyhood of partial delamination of the front and rear portions of the screen, which may be

20 possibly caused by head and/or humid ambient is reduced drastically.

As used herein, the term "lenticular lens array” means an array of
mutually paraliel elongated lens elements or lenticules, extending longitudinally across the
screen in one direction, and having a defining contour in the transverse direction.

The diffusion region can extend to the rear surface of the front portion

25 e.g., across the entire thickness of the front portion from the front surface to the rear
surface, with the rear portion providing the space between the diffusion region and the
reflecting surface. Instead, the diffusion region may be spaced apart from the rear surface of
the front portion, e.g. may be confined near the front surface, in which case the remaining
region between the diffusion region and the rear surface of the front portion can function as a

30 spacer region between the diffusion region and the reflecting surface. The reflecting surface
may then be located at the rear surface of the front portion.

In addition, the rear surface of the front portion may define a second
lenticular lens array, parallel to the first array, with each lenticular lens element or lenticule
of the first array having a corresponding lenticule in the second array.



front surface of the plate having an anti-reflection layer. 10 In use, an
incomng ray of projected light traverses the diffusion region and the
space between the diffusion region and the reflective surface, before being
refl ected back through these regions again. Thus, the ray traverses '
di fferent areagoofndssre di ffusion region in_different directimyapeégosszeasi ng

the likelihood that the ray wll encount er “at | east one |i ght scatteri ng
particle, and thereby redu0| t he 1 nce of
front transparent |ayer ‘19?‘@9%% {(1 Fl"B’ﬁ“W“t @%

stiffness, WheGhar@fiehlap al*riy QQﬂid@ruprﬂérﬂfcﬁl&ﬂﬁm@lﬁeebmd&%HQ S0 @it lachhst some
properties as a consequence of | ower mechanléﬁ %{}‘3 I ons, O Qﬁ‘é{af
Further the Bertipn ehthgdight entering thess pes is detlepted fyfbe s §
performance ginchiiRnsaGh Wehip E&f&m% &Bhél@é‘cﬂﬁs iofa@'iﬂtérhﬁ reflétkion (TIRY Yddagited
shi el’ded. As_a consec uence | i kel yhood of parti alggéiel am nation of the

front and 5 et mpesrdetailia ﬂ@ﬁaW@'fﬁerFﬁ‘@ﬁ USpaters ﬁﬂ? possi bly caused by
head ,and/ or hmmm %ﬂc&nan%ywtn%@ﬁ{cb@ahw heféin U 8dfer@fideei . the term

"lenticular I'ens array™ means an array of nutually parallel el ongat ed | ens
el enents or lenticules, draeanaf g abeyegmbadiments andyariaiops of,embodiments, a pattern

or matrix of light-absorbing material may be present between the lenticules of the front
and/or rear lenticular lens array, in order to enhance the contrast of the image displayed in
10 the presence of ambient light.

The invention will now be described in more detail with reference to a

number of specific embodiments, as illustrated in the accompanying drawing, in which
15 Figure 1 is a schematic cross section of one embodiment of a screen

having a front portion with a front lenticular array, a light absorbing structure associated

with the array, and bulk diffusion, and a rear portion having a rear reflective array;

Figure 2 is a schematic cross section of another embodiment of a screen
similar to that shown in Figure 1, except that the front portion also has a rear lenticular lens

20 array;

Figure 3 is a schematic cross section of another embodiment of a screen,
similar to that of Figure 1, except that the diffusion region is confined near the front surface,
and the rear portion has a front reflecting surface;

Figure 4 is a schematic cross section of still another embodiment of a

25 screen, similar to that of Figure 3, except that the front portion also has a rear lenticular lens
array;

Figure § is a schematic cross section similar to that of Figure 4, except
that the reflective layer follows the contour of the rear lenticular array;

Figure 6 is a schematic cross section similar to that of Figure 5, except

30 that the reflective layer is confined to the tip regions of the rear lenticules;
Figure 7 is a schematic cross section similar to that of Figure 2, except
" that a spacer region is present in the front portion;

Figure 8 is a schematic cross section of a front projection screen similar

to that of Figure 2, except that it lacks the spacer layer;



screen in one direction, and having a defining contour in the transverse
direction. The diffusion region can extend to the rear surface of the front
portion 25 e.g., across the entire thickness of the front portion fromthe
front surface to the rear surface, with the rear portion providing the
space bet weenwdey/idisef usi on region and the yefl ecting surfa®eriBaasossad, the
di ffusion region my be spaced apart fromthe rear surface of the front
portion, e.g. may be confy. r f.r | ' SRRR sinifir
remai ni ng regi on between #‘g\g’g(%}??usgﬁ%%%ecg%ﬁégﬁgaf 'gmbgg%ﬁ?f ace gf t he
front porti ote thanoff Figerei2e except thagthe light-rbsgrbing Fiructuneds arsagiated, withthe 1837 on
region and t . | 0g. face. The reflecting surface nmay then be

| ocat ed at t%gnélg%rﬁxg%%ﬁégh%f the front portion. In addition, the rear
surface of the front portFigurerifyis dstliematio crasseation efra front projettionscrgen signilar

0 the fi rot bl Fiwe iy e < eiRhe % bVPBSLERE. T Second array.

Descrintion of the preferred embodi

Referring to now to Figure 1, screen 10 is composed of front portion 12

and rear portion 14. Front portion 12, of a light transmissive material, such as polymethyl

10 methacrylate, has a front surface 16 defining a lenticular lens array 17, made up of
individual lenticules oriented parallel to one another and extending longitudinally across the
screen. Figure 1 is a cross section taken transverse to the longitudinal direction, showing the
contour of the lenticules. The front surface also has a light absorbing structure including
raised ribs 18, extending between the lenticules, and alight absorbing layer 20 on top of these

15 ribs. This layer 20 is intended to absorb a large portion of light striking the screen at relative
large angles (e.g. ambient light) while absorbing only a small portion of the light striking the
screen at small angles (e.g. projected light).

The first portion 12 has light scattering particles dispersed throughout the
bulk of the portion, to form diffusion region 22.

20 The second portion 14 of screen 10 is made up of spacer layer 24 of a
light transmissive material, such as glass, and layer 26, forming a light reflective surface 28.
Layer 28 may be of any suitable mirror-forming material, such as silver of aluminium.

The function of spacer layer 24 is to provide a space between the
diffusion region 12 and the reflective surface 28. Thus, an incoming light ray 29 passes

25 through diffusion region 22, then through spacer layer 24, then is reflected back through
these layers again before exiting the screen. This arrangement results is significantly less
speckle than is seen in the front projection screen shown in Figure 8.

Figure 2 shows another embodiment of a screen, similar to the
embodiment of Figure 1, except that front portion 32 of screen 30 has a second lenticular

30 array 50 on the rear surface. This lenticular array is also composed of mutually paraliel,
longitudinally oriented lenticules, each lenticule opposed to a corresponding lenticule of the
front surface. Thus, the pitch P (distance between adjacent lenticules of an array) is the same
for both the front and the rear arrays, while the contour of the lenticules of the second array
may be different from the counter of the first array.



In accordance with another enbodi nent of the invention, the front and/or
the rear lenticular array is nade up of lenticules having steep sidewalls,
so that at |east sone portion of the light entering these lenticules is
totally internally reflected by the sidewalls and concentrated in the tip
region of thewW®wdaddsal e. This total | nterngl reflection (T Reranssdesszr i bed
5 in nore detail in the above-referenced US patents 4, 767 186 and

feference. In any of A58 UpSSImANST RIS 1803 RIS Ine Bl ulnidon seeion 2
a pattern ortwied, thexseodnd trayletse bbingraftienppssage ehrough spageﬂnyep%ﬁ@teﬂb@iondmmt he
ool e ek 46, e S 5Bt P 158 FLOEMeed R0 o1
| i ght,. Brief descri ptlﬁg.ns ﬁioﬂst@odeﬁumw;ﬁém of a\savén, cimilar Itd thecembloemrhascﬁ i bed
1,0 95ty ¥, bk Sl Shepbt R ' SRR It
. region 72 near the front surface of front portion 62, and that rear portion 64 is composed of
layer 74, which forms a light reflective surface 76 where it meets front portion 62. In this
configuration, the spacer layer 24 of Fig. 1 is replaced by the spacer region 78 in front
portion 62, which region 78 does not have any light scattering particles. Thus, ray 79 upon
10 entering the screen, traverses diffusion region 72, then spacer region 78, then is reflected
from surface 76, to again traverse spacer region 78 and diffusion region 72, resulting in a
reduced incidence of speckle when compared to the screen of Fig. 8.
In the Fig. 3 embodiment, the layer 74 may be of substantial thickness, to
provide mechanical support for the front portion, or may be a relatively thin layer, for
15 example, of a coated or vapour deposited material, on the rear surface of the front portion.
Fig. 4 shows yet another embodiment of a screen, similar to the embodiment of
Fig. 3, in which the front portion 82 of 'screen 80 has a second lenticular surface 84, similar
to lenticular surface 50 of Fig. 2. In this embodiment, incoming ray 86 traverses diffusion
region 88, then spacer region 90, then is reflected from surface 92, then again traverses
20 spacer region 90 and diffusion region 88 before exiting screen 80, resulting in a reduced
incidence of speckle when compared to the screen of Fig. 8.
Figs. S and 6 show two different variations of the embodiment of Fig. 4. In
Fig. 5, screen 100 is composed of front portion 102, similar to front portion 82 of Fig. 4,
and rear portion 104, consisting simply of a layer of material 106 which forms reflective
25 surface 108 conforming to the contour of second lenticular surface 110. Layer 104 may, for
example, be a vapour deposited layer of silver or aluminum. Thus, ray 112 upon entering
screen 100, traverses diffusion region 114 and spacer region 116, is reflected at surface 108,
and again traverses spacer region 116 and diffusion region 114, before exiting the screen,
resulting in a reduced incidence of speckle when compared to the screen of Fig. 8.
30 In Fig. 6, screen 200 is composed of front portion 202, similar to front portion
102, and rear portion 204, now reduced to separate layers of a material 206 confined to the
tip portions 212 of the lenticules 220 of second lenticular surface 210. Material 206 may be,
for example, silver or aluminum; vapour deposited through a mask, or coated onto the tips
with an applicator such as a roller, having a much larger dimension than that of the



15 Figure 1 is a schematic cross section of one

enbodi nent of a screen having a front portion with a front lenticular

array, a light absorbing structure associated with the array, and bul k
diffusion, and a rear portion having a rear reflective array; Figure 2 is a
schemati c cr oswode4sson of anot her enbodi mept of a screen sipel/mvedoest hat
shown in Figure 1, except that the front poftion also has a rear Ienticular
I ens 20 array;

3 Ls sch e i
of a screen, l§?‘?ﬁ“ 'rﬁ? a@ EFE‘&#“@S %rr&g?gébﬁ&#%!f g{iﬁimgwu%?gggg{r&e
i s confined nmgxmtzne is meflected st Surbase 208,chnd fagain draverpes spacon regian bZOfmdrthffusmn
reflecting s a K Achiah & s t her
enbodi nment of;eé 5?18'5%8?%%%"'%“#%’5] ar ?’o@&g& é)%ﬁu%rﬁgﬁ (e:é)éfeg %%u Q’?he
front porti oncompareditasheascreearof [Figat8.cul ar | ens array; Fi gure 5is a
schematic gross sectiqn.simlar t hat of FEigure 4 .ex t hat_t he
reflective”l ayer foll Wﬁ'h@e sﬁ’&?ﬂg xs(gpmpﬁsgdlpgglpgﬁ @W?%ﬁ‘%“dﬁa&ﬂ’&“ 304,
similar to front and rear portions 32 and 34 of Fig. 2, except that in front portion 302, the
diffusion region is confined to a region 306 near the front surface, leaving a spacer region
308 which is free of light scattering particles. Rear portion 304 is similar to rear portion 34,

composed of spacer layer 310 and layer 312 forming reflective surface 314, Thus, incoming

10 ray 316 traverses diffusion region 306, spacer region 308 and spacer layer 310, before being
reflected by surface 314, to re-traverse these regions and layer before exiting the screen,
resulting in a reduced incidence of speckle when compared to the screen of Fig. 8.

The embodiments of Figs. 2, 4, 5, 6 and 7 are particularly advantageous in that
commercially available rear projection screens having surface or bulk diffusion can be

15 employed as the front portion of the front projection screen. Such rear projection screens are
described, for example, in JEI, December, 1993, pp. 27, 33.

Fig. 8 shows a front projection screen 400, having a front portion 402 of such a
prior art rear projection screen, having a front lenticular array 404, raised portions 406 with
light-absorbing layer 408, rear lenticular array 410 and bulk diffusion 412. The rear portion

20 consists of mirror 403. Thus, the screen lacks the spacer layer 24 of Fig. 1.

The screens of Figs. 2 and 8 were visually compared for focus, moiré and
speckle, for different thicknesses of the spacer layer 44. Results are shown in the following

Table.
Table
25 cer layer Focus Moiré¢ Speckle
none (Fig. 8) best high high
3/32 inch good medium low
1/8 inch moderate low low
1/4 inch poor low lowest

30
Fig. 9 shows a front projection screen 500, having a front portion 502 and a rear portion
504, similar to the front and rear portions 32 and 34 of Fig. 2, except that in front portion
502, the light absorbing structure is associated with the rear lenticular lens array 510, instead
of the front array 507. Thus, ribs 512 and light absorbing layers 514 are located between



Figure 6 is a schematic cross section simlar to that of Figure 5, except
30 that the reflective layer is confined to the tip regions of the rear
lenticules; Figure 7 is a schematic cross section sinmilar to that of Figure
2, except that a spacer region is present in the front portion; Figure 8 is
a schematic crwesmes2ti on of a front proj ec i on screen sim |pfrahssobéat of
Figure 2, except that it |acks the spacer yer Figure 9 is a schematic

xcopt tat _detenfesiE R Bpe e retfinkcy #fﬁ:f s 314 Joph BtV e isahiotd -
| enticular lens arr ayFigarid sEmgsJi &oﬂ@pmmcﬁbnsscf&mam havmgfroaemdlmarpdrtms 12

front projecti screen | ar t,0 that udi Y- I
stiff eﬁl nJg f ragﬁrh tﬁ‘g se;1n Fig. l,and a stxﬂ’emng tetrans aner 5‘9, including a

plate 13, and an anu-reﬂectnon layer 15. Plate 13 may be of a plastic or glass composition,

’

5 for example, while layer 15 may be a 1/4 wave thick MgF,, for example, where the
wavelength is the central or dominant wavelength of the projected light. Such a layer 27
tends to prevent the delamination of front and rear portions 12 and 14, caused for example,
by a humid ambient. It is understood that the anti reflection layer 15 is preferably applied so
as to prevent the occurrence of "gost images” by reflections (shown as outgoing light ray

10 29A) of the incoming light ray 29 at the entrance of transparent layer 27.
As will be appreciated, the front and rear portions 12 and 14 may be replaced
by the front and rear portions of any of the other embodiments described herein.
The invention has been described in terms of a limited number of embodxments
and variations of embodiments. Other embodiments and variations will become readily
15 apparent to those skilled in the art, and are intended to be encompassed within the scope of
the invention as defined in the appended claims.



Description of the preferred enbodi nents Referring to now to Figure 1,
screen 10 s conposed of front portion 12 and rear portion 14. Front
portion 12, of a light transm ssive material, such as polynethyl 10

met hacryl ate, has a front surface 16 defining a lenticular lens array 17,
made up of i ndweicdldskz | enticul es oriented parallel to one angéifiocsvgs:
extendi ng longitudinally across the screen. 8Figure 1 is a cross section
taken transverse_to the |ongitudinal direction, show ng the contour of the
lenticules. TREAIMSnt surface also has a |ight absorbimg structrare
including raised ribs 18, extending between the |enticulp

absorbing layer 20 on top of these 15 ribs. This |ayef mml'lmnmm)
absorb a large portion of light striking the screen at ‘ré‘l.‘ i ye arge »
angles (e.g. anmbient light) while absorbing only a small por ion of “the
light striking the screen at small angles (e.g. projected light). The first
portion 12 has |ight scattering particles dispersed throughout the bulk of
the portion, jo form & fhiSig cﬁd?zgéc%? %3vm39 gorngn andamrpomoﬂ_h&cﬁﬁﬁ%ﬁ

portion 14 of screen 10 1s nd sp acer
having a front surface and a rm surface, the front pomon havmg hght scattering particles

defining a diffusion region between the front and rear surfaces, the front surface of the front
portion defining a front lenticular lens array, the array comprised of mutually parallel

5 lenticules extending longitudinally across the screen, and the rear portion defining a reflective
surface in spaced apart relationship to the diffusion region of the front portion, characterized
in that the front projection screen comprises a front transparent stiffening layer, the stiffening
layer comprising a plate having a front and a rear surface, the rear surface of the plate in
contact with the front surface of the front portion defining the lenticular lens array, and the

10 front surface of the plate having an anti-reflection layer.

2, The front projection screen of claim 1 in which the plate is glass and the anti-
reflection layer is MgF,.
3. The front projection screen of claim 1 or 2, in which the thickness of the anti-
reflection layer is 1/4 of the central wavelength of the projected light.



light transm ssive material, such as glass, and layer 26, formng a |ight
refl ective surface 28. Layer 28 may be of any suitable mrror-formng
material, such as silver of alum nium The function of spacer layer 24 is
to provide a space between the diffusion region 12 and the reflective
surface 28. Th8§?9ﬁmﬁﬂnconing light ray 29 passes 25 throughwghﬁﬁﬁﬁbgn
region 22, then through spacer layer 24, then is reflected back through
these |layers again before exiting the sc This arrangenent results is
significantly | ess speckle than is seen i e front projection screen
shown in Figure 8. Figure 2 shows another enbodi nent of a screen, simlar
to the enbodi nent of Figure 1, except that front portion 32 of screen 30
has a second lenticular 30 array 50 on the rear surface. This lenticular
array.i s al so conposed of nutually parallel, longitudinally oriented

| enticul es, each lenticule opposed to a corresponding lenticule of the
front surface. Thus, the pitch P (distance between adjacent |enticul es of
an array) is the sane for both t front a g the rear arrays, while the
contour of the lenticules of the %econd arE y may be different fromthe
counter of the first array. 8

26—
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As in the enbodinment of Fig. 1, a ray 52 traverses the bul k diffusion
region 42 twice, the second traverse being after passage through spacer

| ayer 44 and reflection fromsurface 48, resulting in significantly | ess
speckle than is seen in the screen of Fig. 8 Fig. 3 shows another

enbodi nent of ¥WOHMPESA, sinilar to the enbodinent of 5 Fig. poressih t hat
the light scattering particles of screen 60 are confined to a diffusion
region 72 _near the front surface of fron /%HDtion 62, and that rear portion
64 is conposed of layer 74, which forns a@’light reflective surface 76 where
it meets front portion 62. In this configuration, the spacer |ayer 24 of
Fig. | is replaced by the spacer region 78 in front portion 62, which
region 78 does not have any light scattering particles. Thus, ray 79 upon
10 eptering the screen, traverses diffusion region 72, then spacer region
78, then is reflected fromsurface 76, to again traverse spacer region 78
and diffusion region 72, resulting in a

44 42

46
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reduced incidence of speckle when conpared to the screen of Fig. 8. 1In the
Fig. 3 enbodinent, the |ayer 74 may be of substantial thickness, to provide
mechani cal support for the front portion, or may be a relatively thin

| ayer, for 15 exanple, of a coated or vapour deposited nmaterial, on the
rear surface oWOR84362 ont portion. Fig. 4 shows yet another primoispent of a
screen, simlar to the enbodinent of Fig. 3, in which the front portion 82
of screen 80 has a second IenticularsuuB7@x284, simlar to lenticular
surface 50 of Fig. 2. In this enbodi nentY/i'MComi ng ray 86 traverses

di ffusion region 88, then spacer region 90, then is reflected from surface
92, then again traverses 20 spacer region 90 and diffusion region 88
before exiting screen 80, resulting in a reduced incidence of speckle when
conpared to the screen of Fig. 8. Figs. 5 and 6 show two different

vari ations of the enbodinent of Fig. 4. In Fig. 5, screen 100 is conposed
of front portion 102, simlar to front portion 82 of Fig. 4, and rear
portion 104, consisting sinply of_.a |ayer of material 106 which forns
reflective 25 surface 108 confoﬁﬁing to th® contour of second |enticul ar

surface 110. Layer 104 may, for ( r’——\\ﬁ;—’
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exanpl e, be a vapour deposited |ayer of silver or alumnum Thus, ray 112
upon entering screen 100, traverses diffusion region 114 and spacer region
116, is reflected at surface 108, and again traverses spacer region 116 and
diffusion region 114, before exiting the screen, resulting in.a reduced
.inci dence of ywoendehse when conpared to the screen of Fig. 8PCIEB6/00692

In Fig. 6, screen 200 is conposed of front portion 202, simlar to front
portion 102, and rear portion 204, nomgﬁzqued to separate | ayers of- a
mat eri al - 206 confined to the tip portio 2 of the lenticules 220 of
second lenticular surface 210. Material 206 nmay be, for exanple, silver or
al um num vapour deposited through a nmask, or coated onto the tips with an
applicator such as a roller, having a nuch | arger dinmension than that of

t he | enticul es. Thus, ray 216 upon entering screen 200, traverses

di ffusion region 218 and spacer region 220, is reflected at surface 208,
and again traverses spacer region 220 and diffusion




region 218, before exiting the screen, resulting in a reduced incidence of
speckl e .when conpared to the screen of Fig. 8. 5 In Fig. 7,
screen 300 is conposed of front portion 302 and rear portion 304, simlar
to front and rear portions 32 and 34 of Fig. 2, except that in front
portion 302, t OIS on region is confined to a region 30§mﬁﬁﬂﬁmﬁﬁw
front surface ‘leaving a spacer region 308 which is free of Iight

scattering particles. Rear portion 304 |§y¢’ lar to rear portion 34,
conposed of spacer |ayer 310 and | ayer 3I rmng reflective surface 314.
Thus, incomng 10 ray 316 traverses diffusion region 306, spacer region
308 and spacer |ayer 310, before being reflected by surface 314, to
re-traverse these regions and | ayer before exiting the screen, resulting in
a reduced incidence of speckle when conpared to the screen of Fig. 8. The
enbodi nents of Figs. 2, 4, 5 6 and 7 are particularly advantageous in that
commercially avail able rear projection screens having surface or bulk

di ffusion can be 15 enployed as the front portion of the front projection
screen. Such rear projection screens are described, for exanple, in JEI,
Decenber, 1993, pp. 27, 33.
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Fig. 8 shows a front projection screen 400, having a front portion 402 of
such a prior art rear projection screen, having a front lenticular array
404, raised portions 406 with |ight-absorbing |ayer 408, rear lenticular
array 410 and bul k diffusion 412. The rear portion 20 consists of mrror
403. Thus, the V@PHMES2 acks the spacer |ayer 24 of Fig. 1. Th@ﬂ?ﬁ*ﬁﬁﬂﬁ of
Figs. 2 and 8 were visually conpared for focus, noire and speckle, tor

di fferent .thi cknesses of the spacer Iaye@%/i Results are shown in the
followng Table. [err] 30 Fig. 9 shows a 't prjection screen 500, having
a front portion 502 and a rear portion 504, simlar to the front and rear
portions 32 and 34 of Fig. 2, except that in front portion 502, the |light
absorbing structure is associated with the rear lenticular lens array 510,
instead of the front array 507. Thus, ribs 512 and |ight absorbing | ayers
514 are | ocated between
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| enticules 511, and any |ight reaching such |ayers 514, such as ray 524, is
absorbed. - Fig. 10 shows a front projection screen 1000, having front and
rear portions 12 and 14, identical to those in Fig. 1, and a stiffening
front transparent |ayer 27, including a plate 13, and an anti-reflection
layer 15. Plat &¥AYM¥Y be of a plastic or glass ‘conposition, parmsRiess:
exanple, while layer 15 may be a 1/4 wave thick MyF2, for exanple, ere
the wavel ength is the central or doninan?’ el engt h of the projected
light. Such a | ayer 27 tends to prevent e'Uel am nation of front and rear
portions 12 and 14, caused for exanple, by a humd anbient. It is
understood that the anti reflection layer 15 is preferably applied so as to
prevent the occurrence of "gost inmges" by reflections (shown as outgoing
light ray 10 29A) of the incomng light ray 29 at the entrance of
transparent layer 27. As will be appreciated, the front and rear portions
12 and 14 may be replaced by the front and rear portions of any of the

ot her* enmbodi nent s descri bed herein. '
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The invention has been described in ternms of a |limted nunber of

enbodi ments and vari ati ons of enbodiments. O her enbodi ments and vari ations
wi |l becone readily 15 apparent to those skilled in the art, and are

i ntended to be enconpassed within the scope of the |nvent|on as defined in
t he appended cWQ%g43s2 1 A front projection screepe oA
front portion and a rear portion, each portion having a front surface and a
rear surface, the front portion having |{ Oscattering particl es defining
a diffusion region between the front and surfaces, the front surface
of the front portion defining a front lenticular lens array, the array
conprised of mutually parallel 5 Ilenticules extending |ongitudinally
across the screen, and the rear portion defining a reflective surface in
spaced apart relationship to the di ffusion region of the front portion,
characterized in that the front projection screen conprlses a front
transparent stiffening layer, the stiffening

10 —
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| ayer conprising a plate having a front and a rear surface, the rear

surface of the plate in contact with the front surface of the front portion
defining the lenticular lens array, and the 10 front surface of the plate
having an anti-reflection |ayer. 2. The front projection screen of

claim1 in whi ¥09ta3ml ate is glass and the anti - reflectlon\m%%r MyF2.
sl

3. The front projection screen of claim1l or 2,
t hi ckness of the anti- reflection |ayer |g/1|/dl of the central wavel ength of
the projected |ight. -
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