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(70 We, Eastman Kopark ComMPANY,
a Company organized under the Laws of the
State of New Jersey, United States of
America of 343 State Street, Rochester, New
York 14850, United States of America do
hereby declare the invention, for which we pray
that a patent may be granted to us, and the
method by which it is to be performed, to
be particularly described in any by the fol-
lowing statement:-—

The present invention relates to a projec-
tion screen and more particularly to a front
projection screen ie. of the reflection type.

In the art of projection screens, many
attempis have been made to produce a screen
which has a high brightness factor. The most
efficient type of known screen is capable of
an increase in brightness over a matte screen
(a substantially perfect diffuser) by a factor
of about two times for a reasonable audience
accommodation. Further, the screens of the
prior art have the particular disadvantage that,
for most efficient use of the screen, projection
has to be made in substantial darkness since
the image contrast and colour saturation are
reduced considerably by use in ambient light.

The brightness of front projection screens
has been increased from that of a matte sur-
face by the use of various materials and treat-
ment of the reflecting surface to provide a
surface that will concentrate the light within
narrower angles. Projection screcns having
such light concentrating surfaces formed by
glass or plastic beads, embossed or scored
lenticulations, bubbles, etc. are well known and
have been in use over an extended perind of
time. Attempts have also been made to increase
the brightness factor by using one of the afore-
mentioned surfaces in conjunction with a
screen having an arcuate surface in at least
one direction. However, the above combina-
tions of materials and forms of screen sup-
ports have not produced a screen capable of

" being used with a projector having a low light

[Price Ss. 0d. (25p)]

output or in high ambient light without loss
of contrast or colour saturation.

A primary object of the present invention
is 1o provide a front projection screen which
has a greatly increased, useful light reflectiviiy.

According to the present invention there
is provided a projection screen comprising a
sheet having one surface formed generally of
clongated ridges and depressions which are
suitablc for reflecting within a specified pre-
determined viewing area a high concentration
of light in the form of a projected image which
is unaffected by ambient light on either lateral
side of the screen which is outside the view-
ing area, and a support to which the other
surface of the sheet is secured is that only
the ridged surface thereof is exposed wherein
the elongated ridges and depressions are
irrcgular in width and irregular in elongation
but are aligned generally in a common direc-
tion and wherein between 1000 and 3000 of
the clongated irregular ridges are present per
lineal inch when measured in the direction
perpendicular to the direction of elongation.

The inventicn may be obtained by using the
dull, relatively unsmooth side of a foil, for
example, aluminium foil sheeting, for the re-
flecting surface of a screen. This material is
applied to a preferably arcuate support. The
dull relatively unsmooth surface of such foil
is obtained by the interaction of the facing
surfaces of two shzeis of the foil when they
are compression rolled and separated. The
facing surfaces of the sheets, after separation,
are found to have randomly aligned and
generally elongated irregularities which take
the form of surface deformations that extend
generally in a direction perpendicular to the
dircction of movement of the sheets when
being compression rolled. It has also been
found that a similar surface having such
irregularities can be obtained by a multiple
strip compression rolling technique for organic
polymers; this technique being disclosed in
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U.S. Patent 3,194,863. When a polymeric
material is used for a screcen rcflecting sur-
face, the exposed surface, that is, the irregular
surface, can be metalized and has been found
to provide substantially the same brilliance
and perfcrmance as that of metallic foil, It
is to be emphasized that the dull side of the
screen material is used as the reflecting sur-
face. If thc other or shiny surfaces of such
sheets are used on an arcuate or curved sur-
face, the effect is the same as that of a con-
cavely curved mirror whose light is directed
back to a single focal point, resulting in a
most unacceptable viewing screen.

The surface that is obtained by compres-
sion rolling at least two sheets or continuous
webs of, for example, metal of a thickness
from C.5 to 16.0 mils with smooth rollers
under a pressure of 1500—250C0 pounds per
lineal inch and then separating or peeling
the sheets or webs apart, produces a preferred
directional reflectance of high efficiency. It
has been found that some lenticular action is
obtained with pressures as low as 1500 pounds
per lineal inch although the quality is poor
when compared to surface produce under
pressures of 8—9000 pounds per lineal inch.
Pressurcs below 1500 pounds per lineal inch
produce unsatisfactory results. Similarly pres-
sures over 25,000 pounds per lineal inch tend
to produce an ‘orange peel” configuration
screen surface resulting in inferior reflection.
The elongated irregularities are randomly
aligned to extend generally in a direction
perpendicular to the rolling direction of the
foil. Very small element size of the individual
irregularities is obtained, i.e., 1,000—3,000
per lineal inch compared to 10—40 per lineal
inch which is prevalent in most commercial
types cf screens. Also under these conditions,
a groove depth cf from 0.5 to 5.0 microns is
obtained; a depth in which the preferred em-
bodiment varies between 1.0 and 1.5 microns.
Variations of brightness gain, element size and
light distributions can be obtained by varying
the rolling pressure within the conditions listed
above.

Reference is now made to the accompany-
ing drawings in which like reference numerals
designate similar parts and wherein:

Fig. 1 is a perspective view of a curved
projection screen embodying the invention;

Fig. 2 is a partial sectional view taken sub-
stantially aleng line 2—2 of Fig. 1;

Fig. 3 is a photomicrograph of the light-
reflecting surface of a metallic foil having
elongated irregularities according to the inven-
tion;

Fig. 4 is a photomicrograph of a vertical
secticin through the metallic foil shown in
Fig. 3;

Fig. 5 is a graph showing the angular dis-
wibution of reflected light by a screen in
accordance with the invention as compared

with one screen material of a commercially
available type;

Fig. 6 is a diagrammatic side view showing
the vertical spread angle of a flat screen hav-
ing a reflecting surface in accordance with the
invention;

Fig. 7 is a diagrammatic side view showing
the vertical spread angle of a curved screen
having a reflecting surfacc in accordance with
the invention;

Fig. 8 is a diagrammatic plan view show-
ing the horizontal spread angle of the flat
screen shown in Fig. 6;

Fig. 9 is a diagrammatic plan view showing
the horizontal spread angle of the curved
screen as shown in Fig. 7;

Fig. 10 is an enlarged sectional view of
a screen support showing one embodiment of
a rib patrern for increasing the spread angles
of the screen; and

Fig. 11 is a graphical comparison of the
cut-off and the spread angles for a non-ribbed
and a ribbed, doubly-curved screen in accord-
ance with the invention.

With reference to Fig. 1, a screen 10 com-
prises a support member 11 and a metallic
foil 12 secured to a surface 13 of the support
member for reflecting light projected thereon
to an audience. The support member 11 can
be made of any material having sufficient
rigidity to provide a stable curved surface.
The support member 11 can be made of metal,
resin bonded glass fibres, pelyvinyl chloride,
or any one of many other plastics materials,
and can be flat, curved in at least one direc-
tion or, preferably, doubly curved with a
parabolic, spherical or elipsoidal surface.

The metallic fcil 12 is secured to and
against the surface 13 (Fig. 2) of support
member 11 by an adhesive, or other suitable
means with the dull side of the foil exposed
for projection use and with the foil oriented
on the support such that the direction of
compression rolling of the foil becomes the
horizontal direction or the direction of pre-
ferred reflectance on the finished screen. In
other words, the elongated irregularities 14, as
seen in Fig. 3, extend in a substantially
vertical direction relative to the screen, The
radius of the surface 13 can be about 4.5
times the screen width for the projection of
either still or motion pictures. The precise
shape of the arcuate surface 13 is not critical
except for very narrow audience spaces. A
different radius can also be chosed for the
curvature in cach of the horizontal and verti-
cal directions.

With reference to Fig, 5, the luminance
ratio, or brightness gain, is defined as the
ratio of the luminance of a screen material
relative to that of a perfect diffuser; a matte
surface Curve 16 represents the horizontal
light distribution and Curve 17 represents the
vertical distribution for a doubly-curved
screen having a reflecting surface in accordance
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ith the inventicn. The luminance or bright-
hess gain of our improved screen is seen to
be approximately 17 “on axis” for a material
having a reflecting surface comprising the
irregularities 14, as seen in Fig. 3, and {falls
off sharply with the increase in spread angle
especially in the vertical direction. The aver-
age gain is approximately ten within the use-
ful viewing angles and the sharp cutoff with
spread angle, together with greatly reduced
Iuminance ratio at the higher viewing angles,
are extremely cffective for the rejection of
ambient light.

Superimposed on the curves for the screcn
of the invention are curves 18 and 19 which
are representative of the horizontal and verti-
cal distribution, respectively, of the luminance
of one of the best commercially-available
screens of which we are aware, having an
average brightness gain of less than two. It
can be readily appreciated from this com-
parison of two such screens that the average
brightness of a screen in accordancc with the
invention for the preferred audience angles is
many times that of the best commercialliy-
available screen, and that high levels of
ambient light are rejected.

This invention makes use of the fact that
the screen brightness is increased for an
efficient reflecting material as the angle through
which the light is spread decrcases. However,
the reduced spread angle also reduces the
size of usable audience space. A screen hav-
ing such increased brightness comprises, pre-
ferably, a support having a doubly-curved sur-
face on which a foil is secured, such that the
dull surface of the foil, having the clongated
irregularities, is exposed for reflecting pro-
jected images.

With reference to Figs. 6—9, it is shown
how an assumed audience can be supplicd
with light reflected from a flat screen 20 tilted
at an angle of 11.6° and a curved screen in
accordance with the invention tilted at an
angle of 9.3° for motion pictures and at an
angle of 10.8° for still pictures, the light
being supplied by a still projector 22 that has
its lens positioned about 11.5 feet from a 40-
inch screen and a movie projector 23 that has
its lens positioned about 17.5 feet from a
screen of the same size. In each case, the dot-
dash lines show the direction of light reflec-
tion assuming that the screen surface were
100%, specular as for a true mirror. The
spread angle is measured relative to this line.
By comparing Figs. 6 and 7, it can be seen
that with the screen 21 curved in a vertical
sense, a spread angle of + 10° serves the same
purpose of full light coverage as is provided
by a spread angle of +22.7° for the flat
screen 20. The curved screen 21 will there-
fore provide the brighter image. In the same
Figs. 6 and 7, it will also be noted that the
curved screen 21 allows overhead ambient
lights 24 to be placed much lower while still

affording the same degree of protection to the
audience from any unwanted light.

Figs. 8 and 9 compare the curved and flat
screen configurations in plan view. With the
screen 21 curved in a horizontal sense a smal-
ler sprcad angle is required and therefore a
brighter view. In this case a spread angle of
1-25% for the curved screen supplies the same
audience space as the flat screen 20 which
has a sprcad angle of +38.9°. The rejection
of ambient light is also better for the curved
screen 21,

As noted above, the radius of curvature of
the screen 21 is disclosed as being approxi-
mately 4.5 times the screen width for either
still or movie projection. In practice, the radius
of curvature is not critical except for very
narrow audience spaces. In any special case
of audience size, viewing distance and/or pro-
jection distance, a screen size and screen
curvature can be worked out to utilize the
reflected light and reject the ambient light
to the best advantage. Ambient light reaching
the audience causes reduction of contrast,
degradation of colour saturation, glare, etc.
By curving the screen and with screen material
of properly controlled refiection properties the
rejection of ambient light is enhanced because
(1) the increased brightness reduces the rela-
tive efiectiveness of the ambient light, and (2)
the reduced spread angles that are permitted
by double curving the screen allow ambient
light to originate from zones closer to the
axis of the projector without such stray light
reaching the audience than is permitted by
conventional screens. Further, conventional
screens not only require greater spread angles
which accept greater zones of ambient light,
but do not cut off sharply at the required
angles, as shown in Fig. 5.

For the spread angles shown in Figs. 69,
it can be computcd from the laws of optics and
on the assumption that no light is absorbed
by or transmitted through the screen, that the
brightness as seen by all members of the
audience as compared to a perfect diffuser
that appears equally bright throughout the
cntire spread angle of +900 is as follows:
(1) for a flat screen in both horizontal and
vertical sense (spread angles of 22.7° and
38.9°), the theoretical relative brightness is
3.5; (2) for a screen curved in the vertical
sense and flat in the horizontal sense (10° and
38.9°), the theoretical relative brightness is
7.75; and (3) for a screen curved in both the
vertical and horizontal sense (10° and 25°),
the theoretical relative brightmess is 11.0.
Thus, it is seen that for an assumed audience,
as shown in Figs. 6—9, the improvement in
curving in the vertical sense only is in the
ratio of 7.75/3.5=2.2, and for curving in
both directions the improvement ratio is 11.0/
3.5=3.1. Consequently, a theoretically per-
fect flat screen can only show an improvement
of less than a factor of 2 over the best com-
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mercially-available screen, whereas a theoretic-
ally perfect doubly-curved screen shows an
improvement of over a factor of 5. It can also
be shown that, for practical screen materials
which do not, in general, exhibit equal bright-
ness within the usable sprcad angles, the
image on the screen will always appear of
uniform brightness from side to side and from
top to bottom if viewed from approximately
the focal distance of a double curved screen.
This essentially includes all of the audience
except those in the extreme front or back. For
a flat screen, using practical screen materials,
the nonuniformity coften results in objection-
able dropoff of brightness or a “hot spot” type
of view.

For an ideal reflection distribution of the
light incident on a screen material, it would
be desirable to have a constant luminance
ratio which would extend to the desired cut
off angles and then drop sharply to zero lumi-
nance. For example, a no-loss ideal material
for coverage angles having +10° in a vertical
sense and +25° in a horizontal sense would
have a luminance ratio of 11.0 within these
angles and zero beyond these angles, Certain
aluminium foil materials which have been
considered as being acceptable for projection
screens might, for example, have a luminance
ratio of 16.0 at 0° and then fall off to approxi-
mately 4.0 at the spread of 4-8° vertical and
+25° horizontal. While such materials pro-
vide an average ratic of approximately 10.0
and, owing to the double curvature of the
screen support do not give rise to “hot spots”
or nonuniform illumination of any part of the
screen for any one observer, anyone necar the
side of the audience space may see a darker
picture and note poorer contrast and colour
purity in the presence of strong ambient lights.
The Iluminance ratio curve for available
materials does not drop off as sharply as is
desirable at the limiting angles. The light
represented in the “tail” sections of the curves
(at higher viewer angles) is unused and repre-
sents a loss of efficiency, but perhaps even
more important is the fact that this unused
light allows ambient light from wider angles
to be reflected by the screen to some observers.
The optimum contrast would be obtained with
a luminance ratio curve having a flat top and
a sharper cutoff.

It has been determined that a flat top and
sharper cutoff of the luminance ratio can be
obtained by the use of the previously described
foil material combined with a suitable rib pat-
tern on the curved surface of the support.
Such a rib pattern is not a true “lenticular
pattern” because the rib pattern does not
present any curved surfaces to the light inci-
dent thereon. A “lenticular pattern” may be
used but is not required. Such a rib pattern
is shown in Fig. 10. It has been determined
that the combination of four planar surfaces,
as shown in Fig. 10, provides a luminance

ratio that more nearly approaches the

optimum condition. Referring to Fig. 10, the~

rib pattern comprises vertically extending and
continuous grooves or striae 30 each com-
prising a bottom surface F1 and diverging
side surfaces S of a length designated by S1
and S2, the divergence being from top to bot-
tom. The surfaces S make an angle § with
the surface F1. The grooves 30 are spaced
so as to provide spaced lands F2. Such a
pattern of ribs or grooves 30 can be provided
on the double curved support material 13 by
forming the surface 13 against a male master
and then cementing the aluminium foil 12
to the support with the elongated irregulari-
ties extending vertically., The surfaces F1 and
F2 arc actually vertical strips of the spherical
surface 13 rather than planar surfaces. The
angle # is measured relative to the plane tan-
gent to the spherical surface defined by either
surfaces F1 or F2 at any point. In practice
cither surfacc F1 or F2Z may be reduced to
zero so long as the correct total spherical
area is provided.

The value cf P, which is the effective pitch
between adjacent grooves, should not be larger
than 1/1000 of the screen width in order that
the rib pattern is essentially unnoticable at a
normal viewing distance; for example, with a
20” screen, P=1/50" which is equal to .020”,
and for a 30”7 screen P would have a maxi-
mum dimension of .030”.

In Fig. 11 the dotted line curves 30 and 31
show the luminance ratio for various horizontal
and vertical spread angles, respectively, for
a double curved screen having a reflecting
surface in accordance with the invention and
with no rib pattern. The full line curves 32
and 33 show the horizontal and vertical spread
angles, respectively, when an aluminium foil
having a narrower spread angle is used as a
reflecting surface on a doubly curved screen
support having a rib structure as shown in
Fig. 10. It will be noted that the horizontal
spread maintains an essentially constant
luminance ratio of approximately 16.0 to an
angle of +17°, after which it falls to about
409, of maximum valuec at -+25° and the
luminance ratio exhibits a sharp cut-off at
large angles. For different screen sizes and
audience spaces, it may be desirable to increase
the spread angle, which can be accomplished
by changing the shape of the grooves and/or
lands comprising the rib pattern.

The brighmess factor of a front projection
screen is significantly increased by using a
material having a surface provided with
randomly aligned and generally elongated
irregularities which concentrates the light at
high efficiency within preferred angles as des-
cribed above. Such an increase in screen
brightness together with the rejection of
ambient light permits projection of still and
motion pictures under high ambient light
conditions which heretofore has been impos-
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sible with any rype of commercially-available
projection screen.

WHAT WE CLAIM IS:—

1. A projection screen comprising a sheet
having one surface formed generally of
elongated ridges and depressions which are
suitable for reflecting within a specified pre-
determined viewing area a high concentra-
tion of light in the form of a projected image
which is unaffected by ambient light on either
lateral side of the screen which is outside the
viewing area, and a support to which the other
surface of the sheet is secured so that only
the ridged surface thereof is exposed, wherein
the elongated ridges and depressions are
irregular in width and irregular in elongation
but are aligned generally in a common direc-
tion and wherein 1000 to 3000 of the
elongated irregular ridges are present per
lineal inch when measured in the direction
perpendicular 1o the direction of elongation.

2. A projection screen as claimed in Claim
1 wherein the elongated irregular ridges and
depressions have a groove depth within the
range of 0.5 to 5.0 microns.

3. A projection screen as claimed in Claim
1 or 2 wherein the elongated irregular ridges
and depressions have a groove depth of from
1.0 to 1.5 microns.

4, A projection screen as claimed in Claim
1, 2 or 3 wherein the ridge surface is curved
concavely about a radius of curvature lying
in, in use, a substantially horizontal plane and
the elongated irregular ridges and depressions
extend generally in a direction perpendicular
to the plane.

5. A projection screen as claimed in any
preceding claim wherein the ridged surface is
curved concavely in at least two directions, a
first curvature about a radius of curvature
lying in, in use, a substantially horizontal plane
and a second curvature about a radius of
curvature lying in, in use, a substantially
vertical plane and generally parallel to the
elongated ridges and depression extending
across the screen.

6. A projection screen in accordance with
Claim 5 wherein the ridged surface is
generally spherical.

7. A projection screen in accordance with

Claim 4, 5 or 6 wherein the or each radius
of curvature of the screen surface is 4.5 times
the width of said screen.

8. A projection screen in accordance with
any preceding claim wherein the sheet is a
metallic foil. .

9. A projection screen in accordance with
Claim 8 wherein the metallic foil is
aluminium.

10. A projection screen in accordance with
any preceding claim wherein the sheet is
mounted on and conforms to the support which
is provided with spaced, generally parallel and
vertically continuous lands formed by striae
having diverging side surfaces.

11. A projection screen in accordance with
Claim 10 wherein the pitch of the striae is
not greater than 1/1000th of the width of the
sheet.

12. A projection screen in accordance with
Claim 10 or 11 wherein the striae and the
lands formed thereby have a generally
trapezoidal cross section.

13. A method of preparing a projection
screen as claimed in Claim 1, the method
being characterized by compressively rolling
in one direction two thin sheets of reflective
deformable material in facing relationship with
one another under pressure within the range
of from 1500 to 25,000 pounds per lineal
inch, separating the two thin sheets, the inner
surface of each which has the irregular ridges
and depressions elongated in a direction per-
pendicular to the direction of rolling, and
mounting at least one of the sheets on a sup-
port with only its ridged surface exposed.

14, A method as claimed in Claim 13
characterized by the fact that said sheet is
mounted on a concavely curved support with
the inner facing surface of the sheet, which
defines the aligned elongated irregular ridges
and depressions, oriented for subsequent pro-
jection use in a direction generally perpen-
dicular to the plane containing the radius of
curvature of said mounting support.

15. A projection screen substantially as
hereinbefore described with reference to and
as illustrated in the accompanying drawings.

L. A TRANGMAR, B.Sc.,, CPA,,
Agent for the Applicants.

Printed for Her Majesty’s Stationery Office, by the Courier Press, Leamington Spa, 1970.
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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sible with any type of commercially-available
projection screen.

WHAT WE CLAIM IS:—

1. A projection screen comprising a sheet
having one surface formed generally of
elongated ridges and depressions which are
suitable for reflecting within a specified pre-
determined viewing area a high concentra-
tion of light in the form of a projected image
which is unaffected by ambient light on either
lateral side of the screen which is outside the
viewing area, and a support to which the other
surface of the sheet is secured so that only
the ridged surface thereof is cxposed, wherein
the elongated ridges and depressions are
irregular in width and irregular in elongation
but are aligned generally in a common direc-
tion and wherein 1000 w0 3000 of the
elongated irregular ridges are preseni per
lineal inch when measured in the direction
perpendicular to the direction of elongation.

2. A projection screen as claimed in Claim
1 wherein the elongated irregular ridges and
depressions have a groove depth within the
range of 0.5 to 5.0 microns.

3. A projection screen as claimed in Claim
1 or 2 wherein the elongated irregular ridges
and depressions have a groove depth of from
1.0 to 1.5 microns.

4. A projection screen as claimed in Claim
1, 2 or 3 wherein the ridge surface is curved
concavely about a radius of curvature lying
in, in use, a substantially horizontal plane and
the elongated irregular ridges and depressions
extend generally in a direction perpendicular
to the plane.

5. A projection screen as claimed in any
preceding claim wherein the ridged surface is
curved concavely in at least two directions, a
first curvature about a radius of curvature
lying in, in use, a substantially horizontal plane
and a second curvature about a radius of
curvature lying in, in use, a substantially
vertical plane and generally parallel to the
elongated ridges and depression extending
across the screen.

6. A projection screen in accordance with
Claim 5 wherein the ridged surface is
generally spherical.

7. A projection screen in accordance with

Claim 4, 5 or 6 wherein the or each radius
of curvature of the screen surface is 4.5 times
the width of said screen.

8. A projection screen in accordance with
any preceding claim wherein the sheet is a
metallic {oil. .

9. A projection screen in accordance with
Claim 8 whercin the metallic foil is
aluminium.

10. A projection screen in accordance with
any preceding claim wherein the sheet is
mounted on and conforms to the support which
is provided with spaced, generally parallel and
vertically continuous lands formed by striae
having diverging side surfaces.

11. A projection screen in accordance with
Claim 10 wherein the pitch of the striae is
not greater than 1/1000th of the width of the
sheet.

12. A projection screen in accordance with
Claim 10 or 11 wherein the striae and the
lands formed thereby have a generally
trapezoidal cross section,

13, A method of preparing a projection
screen as claimed in Claim 1, the method
being characterized by compressively rolling
in one direction two thin sheets of reflective
deformable material in facing relationship with
onc another under pressure within the range
of from 1500 to 25,000 pounds per lineal
inch, separating the two thin sheets, the inner
surface of each which has the irregular ridges
and depressions elongated in a direction per-
pendicular to the direction of rolling, and
mounting at least one of the sheets on a sup-
port with only its ridged surface exposed.

14. A method as claimed in Claim 13
characterized by the fact that said sheet is
mounted on a concavely curved support with
the inner facing surface of the sheet, which
defines the aligned elongated irregular ridges
and depressions, oriented for subsequent pro-
jection use in a dircction generally perpen-~
dicular to the plane containing the radius of
curvature of said mounting support.

15. A projection screen substantially as
hereinbefore described with refercnce to and
as illustrated in the accompanying drawings.

L. A. TRANGMAR, B.Sc.,, CPA,
Agent for the Applicants.
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