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SEAMLESS MASTER AND METHOD OF MAKING SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention, which has several aspects, is related to the field of
light-shaping diffusers and is directed to a seamless master and method of making
the same as well as seam replication of diffuser film, i.e. continuous light shaping
coating without break point or break mark.

In particular, a first aspect of the present invention is directed to a hollow,
cylindrical, seamless, invertable, elastomeric master with integral micro surface
structure formed thereon and includes the method of making the same. A second
aspect of the present invention is directed to a variable diffuser recording apparatus
and process for manufacturing the same, in relation to the first aspect of the present
invention. A third aspect of the present invention is directed to a seamless,
cylindrical metal master with iﬁtegral micro surface structure formed thereon and
includes the method for forming the same, in relation to the other two aspects of the
present invention. A fourth aspect of the present invention is directed to seamless |
(continuous film) production using the first three aspects.

2. Discussion of the Related Art

Diffuser masters are used to produce a vast assortment of light-shaping
diffusers capable of desirably optically affecting light being transmitted
therethrough.

Holographic light-shaping diffusers, for example, which are commercially
available from Physical Optics Corporation (“POC”) of Torrance, California,
U.S.A., and sold globally under the trademark LSD® are diffusers that include
“holographically-recorded,” randomized surface structures providing the diffuser
with high-transmission efficiency, beam-shaping qualities, and the ability to
homogenize light. Though they are referred to as “holographically-recorded,” they

are prefefably recorded using only one beam.
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Further in that regard, U.S. Patent No. 5,365,354 to Jannson et al. (assigned
to POC), hereby incorporated by reference, discloses a diffuser having integrally-
formed light-shaping diffuser microstructures, where the diffuser is manufactured
from commercially available photosensitive medium, such as commercial
photoresist, and wherein the photosensitive medium has preselected speckle patterns
recorded therein.

Additional light-shaping diffusers are disclosed and described in U.S. Patents
5,534,386 and 5,609,939 (both to Petersen et al. and assigned to POC) which are
also hereby incorporated by reference. The methods taught in both of the Peterson
patents can be used to produce and replicate internal and/or surface microstructures
in a photosensitive medium such as conventional photoresist. The microstructures
are able to diffuse light in a highly-efficient, uniform, and controlled mannef,
otherwise not possible via prior methods.

According to one prior method shown in U.S. Patent No. 5,151,917 to
Perilloux et al., microstructures are disclosed as forming a laminate with a
substructure. In our applications, we have found that a laminated structure poses
several problems. For example, certain problems associated with such a laminated
construction relate to separation of the layers, transmission losses (due to reflection
and/or refraction) at interface surfaces, or problems caused by differences in index
of refraction values between the joined optical layers and the optical grade epoxy
used to join them, or small air bubbles in the epoxy.

Preferably, the microstructures are integrally formed by coherent light in
conventional photosensitive material, to produce light-shaping diffusers. Further in
that regard, and depending on the angle of distribution, such light-shaping diffusers
will achieve between 85% and 92 % transmission efficiency, between 365
nanometers (“nm”) and 1600 nm. Also, the low back-scatter of light-shaping
diffuser structures are anti-reflective in nature, utilizing light that would otherwise
be wasted due to Fresnel loss.

Underlying principles as to how LSD® diffusers work are summarized as
follows. LSD® diffusers are replicated from a “holographically-recorded” master,

typically, with only one beam. The light shaping and diffusing structures that result,
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completely random and non-periodic, may be thought of as micro lenslets.
Moreover, LSD® diffusers are not wavelength-dependent, and will work in white,
monochromatic, coherent, or incoherent light.

Beam-shaping qualities provide LSD® diffusers with an ability to precisely
shape and distribute light. LSD® diffusers can produce outputs having circular
angles ranging from about 0.5° to 100° and/or elliptical outputs ranging from about
0.2° by 5° to 110° by 90°.

The ability to homogenize light is important because so-called “hotspots™
and uneven light-distribution patterns are common problems with such light sources
as light-emitting diode (“LED”) sources, filament-based and arc-based sources, and
fiber optic and laser light sources. LSD® diffusers significantly “smooth” and
homogenize the light from such sources while providing uniform light transmission
in such critical applications as liquid crystal display (“LCD”) backlights, LED
displays, machine vision, automotive lighting, and viewing screens.

However, conventional masters that are used to manufacture the light-
shaping diffusers are generally planar and of finite size. Current manufacturing
procedures to produce light-shaping diffusers for viewing-screen applications, result
in the edge boundaries of such masters overlying, abutting, or being placed adjacent
to each other, resulting in associated edge-boundary patterns in the diffusers, called
“seams,” that are undesirable because they result in “interference” areas which
adversely affect the ability of the diffuser to transmit light through the “seam”
portions thereof. Also; when mass produced on long continuous sheets of plastic and
rolled up for storage, the seams press against other diffusers in the roll, thus ruining
them. Moreover, seams are not acceptable in many applications as large high
definition displays for military training, Air Force flight simulator, FAA real time
traffic control displays and commercial displays.

Recent improvements have resulted in such edge-boundary “seams” in the
diffusers being reduced to a very thin line. Nevertheless, even a very thin line in the
diffuser adversely affects the ability of the diffuser to be used for current wide-

screen applications, some of which may be as wide as 30 feet wide or 40 feet wide,
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even up to about 100 feet wide, or more, as is currently contemplated by certain
well-known entertainment areas throughout the Worid.

It would therefore be desirable to be able to produce a seamless master, for
producing seamless LSD® diffusers. It would be even more desirable to be able to
produce a diffuser of virtually unlimited length, and having a seamless light shaping
diffuser surface thereon.

SUMMARY OF THE INVENTION

We solved an assortment of problems otherwise associated with diffusers and
their associated diffuser-master edge-boundary “interference” patterns with our
present invention which, briefly stated, is a seamless master and method of
producing the same. Our invention, briefly summarized, has three aspects.

One aspect of the preferred embodiment is directed to a seamless master,
that is cylindrical and of one-piece construction, and which has an integral seamless
light-shaping diffuser surface formed on the exterior circumferential surface thereof.
Such a seamless master is preferably hollow and is preferably made of a hard metal
such as plated nickel.

Another aspect of the invention is directed to an apparatus and process
whereby the seamless master, in turn, is manufactured utilizing a prior-made hollow
cylindrical, seamless, elastomeric sub-master having the light shaping diffuser
surface integrally-formed seamlessly thereon. The preferred elastomer is
commercially-available silicone rubber. The seamless light shaping and diffusing
surface is integrally formed on the circumferential surface of the hollow seamless
elastomeric master. In connection with this particular aspect of our invention, the
above-mentioned elastomeric master (elongated and having the appearance of a
“sleeve”), and having the seamless light shaping diffuser surface initially integrally-
formed on its interior circumferential surface, is invertable, whereby the elastomeric
sleeve can be and is inverted to present the seamless integrally-formed light shaping
diffuser surface on the exterior circumferential surface of the rubber sleeve.

Another aspect of our invention is directed to an apparatus utilizing a
procedure for effecting variable diffuser recording in photosensitive medium. A

final aspect of our invention is directed to utilizing the rubber sleeve or nickel
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cylinder, i.e. replica of rubber sleeve to produce seamless diffuser film on plastic
substrates.
BRIEF DESCRIPTION OF THE DRAWINGS

A clear understanding and conception of the advantages and features
constituting the present invention, including details associated with the above-
summarized aspects of the invention, as well as the construction and operation of
typical mechanisms provided with the invention, will become more readily apparent
to those skilled in the art after referring to the exemplary, and therefore non-
limiting, embodiments presented in the following description as well as in the
accompanying drawings that form a part of this patent specification, wherein like
reference numerals designate the same elements in several views, and in which:

Figure 1 is a side view depicting a mechanism which includes an elongated
cylindrical rotatable member that is used to produce the elastomeric master of the
present invention;

Figure 2 is a subsequent, time-sequence-related side view, relative to Figure
1, showing one preferred method of applying an effective amount of a
commercially-available curable liquid photosensitive medium, such as conventional
photoresist, to the external circumferential surface of the rotatable member shown in
Figure 1;

Figure 3, also a side view, partially in section, shows a preferred method of
causing the photosensitive medium to become a substantially seamless, uniform
layer on the external circumferential surface of the rotatable member, after
completing the “application” step shown in Figure 2;

Figure 4 is a side elevational view, partially in section, and partially in
schematic, for showing an alternative method of uniformly applying a seamless
layer of the curable liquid photosensitive medium to the external circumferential
surface of an alternative embodiment of the elongated cylindrical member that is
shown in Figures 1-3;

Figure 5 is a perspective view of an apparatus for curing the photosensitive

medium;
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Figure 6 is a side elevational view, also in schematic, illustrating a preferred
apparatus and process for effecting variable diffuser recording in the cured
photosensitive medium;

Figure 7 is another schematic view, on a slightly enlarged scale relative to
Figure 6, for illustrating certain principles of the present invention;

Figure 8 is a detailed view, further enlarged relative to Figure 7, and shown
for the purpose of depicting several preferred components of a preferred objective
device that is used in connection with one of the above-summarized aspects of the
present invention;

Figure 9 is a perspective view, on a slightly enlarged scale relative to Figure
7, depicting preferred aperture geometry of an element, presented on-edge in
Figures 6 and 7, which is yet another component of the above-mentioned aspect of
the present invention;

Figure 10 is a top plan view of the side elevational, schematic view of Figure
6;

Figure 11 is another embodiment of a top plan view, also based on the side
elevational, schematic view of Figure 6, and shown for purposes of illustrating
features of the above-mentioned apparatus and process for effecting variable diffuser
recording in photosensitive medium, which is achieved by selectively varying
spaced relationships of components shown (thereby to apply associated principles
illustrated) in Figures 7-9, which provide details relating to the exposure of the
cured photosensitive medium, as illustrated in Figures 6, 10 and 11;

Figure 12 is a side elevational view, partially in section, showing a hollow
container so dimensioned as to receive the cylindrical member having the cured,
exposed photosensitive medium on the circumferential surface thereof, further
showing the cylindrical member being inserted into the hollow container;

Figure 13, also a side elevational view and partially in section, depicts a
preferred method for developing the exposed photosensitive medium, in which
method the cylindrical member (shown in Figures 1-3) is shown as having the

exposed photosensitive medium (depicted in Figures 6, 10 and 11) on the exterior
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circumferential surface thereof, which is a subsequent step of the “inserting” step
shown in Figure 12;

Figure 14 is a side elevational view, partially in section, depicting a
preferred method of uniformly applying a curable elastomeric liquid onto the
exterior circumferential surface of the exposed photosensitive medium, on
completion of the photosensitive medium-development method depicted in Figures
12 and 13;

Figure 15 is a side elevational view, partially in section, depicting a later
time sequence of the method for uniformly applying curable elastomeric material
onto the illustrated exposed and subsequently developed photosensitive medium,
which method is shown in Figure 14;

Figure 16 is a side elevational view, which depicts completion of the
preferred method of uniformly applying a curable liquid elastomeric material onto
the exterior circumferential surface of the developed photosensitive medium,
whereby an elongated and hollow cylinder (having substantially uniform wall
thickness) of curable elastomeric material is produced;

Figure 17 is a side elevational view, in section, that serves to depict, after
the illustrated elastomeric material is cured, a preferred method of separating the
now-cured elastomeric member (which has the appearance of a sleeve) from the
developed photosensitive medium, which is by inverting the cured hollow cylinder
of elastomeric material;

Figure 18 is a perspective view of a base, which is a component of yet
another embodiment or alternative device that is used in conjunction with a further
embodiment or alternative method for producing the elastomeric member (depicted
in Figures 14-17);

Figure 19 is a perspective view of a plate disposable on the base of Figure
18;

Figure 20 is an assembled, perspective view, on a slightly-reduced scale
relative to Figures 18 and 19, depicting a solid cylindrical member disposed on the
plate, which in turn is shown disposed on the base (of Figures 18 and 19), wherein

the illustrated solid cylindrical member is a master having a seamless light-shaping
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diffuser surface-pattern integrally formed in the exterior circumferential surface
thereof, and as such is a further embodiment of the hollow cylindrical member
depicted in Figures 6, 10 and 11;

Figure 21 is a further assembled, perspective view, partially in section,
depicting hollow cylindrical mold portions, joined to encircle the cylindrical
member of Figure 20;

Figure 22 is a fragmented plan view of the assembly presented in Figure 21,
depicting a gap (or annular spacing) that is present between the joined cylindrical
mold portions shown in Figure 21 and the thus-encircled solid cylindrical member
shown in Figure 20;

Figure 23 is a side elevational view, in section, depicting a hollow
cylindrical member and the elastomeric master (produced by the method illustrated
in Figures 14-17), after curing and inversion, on the exterior circumferential
surface of the hollow cylindrical member, whereupon the seamless light shaping
diffuser surface-pattern is presented on the exterior circumferential surface of the
illustrated elastomeric member / hollow cylindrical member assembly;

Figure 23A schematically depicts speckle, on a greatly enlarged scale, that
are present in the light which is used to record the light-shaping diffuser surface-
pattern on the elastomeric sleeve, integrally-formed in the circumferential surface of
the cured elastomeric master (produced by the method illustrated in Figures 14-17),
wherein the speckle are produced by using a cylindrical lens, in reference to the
variable diffuser recording apparatus and process (including principles thereof)
illustrated in Figures 7-9;

Figure 23B schematically depicts speckle, on a greatly enlarged scale, that
are present in the light used to record the light shaping diffuser surface-pattern of
the elastomeric sleeve, integrally-formed in the circumferential surface of the cured
elastomeric master (produced by the method illustrated in Figures 14-17), wherein
the speckle are produced by using an elliptical lens, in reference to the variable
diffuser recording apparatus and process (including principles thereof) illustrated in

Figures 7-9;
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Figure 23-2 is another embodiment of the side elevational view depicted in
Figure 23.

Figure 24 is an end view of the elastomeric member / hollow cylindrical
member assembly (shown in Figure 23), wherein the hollow cylinder is shown as a
tube having a length dimension (Figure 23) and an outer diameter (Figure 24), so
related to the length and inner diameter of the elastomeric sleeve as to provide
structural support for the light shaping diffuser surface pattern thereon;

Figure 24-2 is another embodiment of the end view depicted in Figure 24.

Figure 25 is a side elevational view, in section, showing additional layers of
preferred materials on the exterior circumferential surface of the elastomeric
member, with the result that the assembly is now shown as a multi-layered tubular
composite, wherein the light-shaping diffuser surface is sandwiched between layers
of the illustrated composite;

Figure 26 is an end view of the multi-layered composite shown in Figure 25;

Figure 27 is a side elevational view, in section, depicting the outermost layer
of the composite shown in Figures 25 and 26, after the remainder of the other layers
are separated therefrom, wherein the tubular layer that remains has the light shaping
diffuser surface seamlessly-formed and integrally-formed within its interior
circumferential surface;

Figure 28 is an end view of the thus-remaining tubular layer shown in Figure
27;

Figure 29 is a side elevational view, in section, showing the thus-remaining
tubular (i.e., hollow cylindrical) layer of Figures 27 and 28, and including an
additional cylindrical layer, that is shown as being formed on the inner
circumferential surface thereof;

Figure 29-2 is another embodiment of the side elevational view depicted in
Figure 29.

Figure 30 is an end view of the thus-layered tubular composite shown in
Figure 29,

Figure 30-2 is another embodiment of the end view depicted in Figure 30.
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Figure 31 is a side elevational view, in section, depicting the inner
circumferential layer shown in Figures 29 and 30, after separation of the outer
circumferential layer therefrom, wherein the thus-depicted hollow cylindrical
member has the light-shaping diffuser surface seamlessly-formed and integrally-
formed within its outer circumferential surface;

Figure 32 is an end view of the hollow cylindrical member shown in Figure
31; and

Figure 33 is a perspective view of an elongated, further embodiment of the
hollow cylindrical member depicted in Figures 31 and 32, shown mounded on a
conventional rotatable member, in connection with a preferred industrial application
for the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figures 1-3, there is shown a method and apparatus for
uniformly applying a suitable curable liquid photosensitive material, such as
commercially-available photoresist, to an elongated, rotatable cylindrical member.
In connection with the apparatus, there is shown a base 100, on which are mounted
opposed arms 102, 104. The apparatus further includes an elongated hollow tube
106 (or tubular member) that is mounted between the arms 102, 104 and that is
rotatable about an axis A-A by a crank 108, as shown in Figure 1.

A preferred hollow tube 106 is made of commercially-available smooth
glass, of e.g. normal window-pane variety. Another embodiment of hollow tube 106
can be manufactured from a suitably-smooth commercial plastic such as melamine,
polycarbonate, polystyrene, polyvinyl chloride, or a suitable commercial acrylic
plastic such polymethyl methacrylate.

One preferred method of applying a curable liquid photosensitive medium
110, such as photoresist, to the hollow tube 106 (preferably glass) is by pouring the
photosensitive medium 110 by hand along the entire length of the hollow glass tube
106, as is shown in Figure 2, and thereafter turning the crank 108 until the entire
exterior circumferential surface of hollow tube 106 is coated with a uniformly-
applied layer of photoresist. Such “application” is preferably done three times, with

about forty minutes of air-drying time (at room temperature) between applications,
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with the result being that three separate layers of the thus-applied photoresist
become the ultimate uniformly-applied layer of the curable liquid photosensitive
medium 110.  °

The photosensitive medium 110, at the completion of the “three
applications™ step, has a radial thickness that may range from about 1 micron to
about 100 microns. Preferably, the photosensitive medium 110 has a radial thickness
of about 35 microns.

Shown in Figure 4 is an alternative apparatus and method for applying
curable liquid photosensitive medium 110, as a uniformly-applied circumferential
layer, to the external circumferential surface of another elongated cylindrical
member 106A, a solid cylinder.

Figure 4 shows, mounted on floor 112, a platform 114, a pump 116, and a
drive mechanism 118. The cylindrical member 106A is shown mounted on turntable
120 which, in turn, is rotatably mounted, about axis B-B.

A conventional power transmission mechanism 122, for rotatably driving
turntable 120 about axis B-B, is coupled between drive mechanism 118 and turntable
120. Transmission mechanism 122 is used to transfer motive force from drive
mechanism 118 to turntable 120 for rotating cylindrical member 106A about axis B-
B, as shown in Figure 4.

Still referring to Figure 4, there is shown a nozzle 124 that is in fluid
communication with pump 116 via conduit 126. Nozzle 124 is preferably so
disposed and itself so configured as to provide conventional fluid, such as curable
liquid photosensitive medium 110, along the entire length of cylindrical member
106A. For this purpose, curable liquid photosensitive medium 110, contained within
tank 128, is supplied to pump 116 via conduit 130.

Curing of the liquid photosensitive medium 110 is effected by baking. For
example, Figure 5 depicts a conventional oven 132, into which the solid cylinder
106A (not shown) or elongated hollow tube 106 (see, e.g., Figilres 1-3) having a
uniform layer of photosensitive medium 110 thereon, can be inserted for effecting
desired curing of said medium 110. Desired curing of the photosensitive medium

110 is effected by baking the medium 110 at elevated temperature, e.g., 100°C, for
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about 40 minutes to about 2 hours. More preferably, curing of the photosensitive
medium 110 is effected by baking the medium 110 at about 90°C for about 1 hour
to about 2 and 1/ 2 hours. Still more preferably, curing of the photosensitive
medium 110 is effected by baking the medium 110 at about 60°C for about 1 to 3
hours.

Variable diffusers have conventional uses, e.g., in connection with light
pipes and liquid crystal displays. For example, flat panel displays, such as liquid
crystal displays (“LCDs”) that are used in laptop computers, generally incorporate a
backlighting system to illuminate a liquid crystal-based display panel. Important
requirements of conventional backlighting systems are to provide substantially
uniform light distribution as well as sufficiently intense light distribution over the
entire surface of the display panel, which is generally planar. To accomplish these
two requirements, state-of-the-art backlighting systems typically incorporate one or
more light pipes into the system, to couple light energy from a light source to the
LCD panel. In connection with conventional scattering backlight systems, it would
be desirable to incorporate into the system one or more variable-diffuser elements
which could, e.g., be disposed along one surface of one or more conventional light
pipes, for the purpose of scattering light rays incident thereto toward an output plane
to achieve predetermined criteria. The output plane could, e.g., be coupled to a
state-of-the-art LCD panel in a conventional manner so as to result in coupling the
light rays into and through the LCD panel. Such a scattering backlighting system,
by incorporating a variable diffuser able to direct light from the LCD panel edge
uniformly across the screen and in the direction of the user, would not only offer the
ability to control the distribution of light by controlling the distribution of the
scattering media on the scattering surface but would also provide the ability to
control the angle of light distribution, which are both desirable results.

Accordingly, referring next to Figures 6-11, there are depicted principles
and preferred components of a preferred method and apparatus for effecting variable
diffuser recording in a photosensitive medium, one of the aspects of the present

invention that was briefly noted above.
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More particularly in this regard, Figures 6-11 depict a preferred method,
apparatus and components, for subjecting the cured layer of photosensitive medium
to a source of coherent light while rotating the cylindrical member about its
longitudinal axis, to expose the cured photosensitive medium substantially along the
length and exterior circumferential surface thereof, for producing different
predetermined light shaping and diffusing microstructures in the exposed
photosensitive medium substantially along the length and exterior circumferential
surface thereof, wherein the exposed photosensitive medium is able to be developed
for recording the speckle pattern therein.

A preferred coherent light (or radiation) source is a conventional laser. In
this regard, select commercially-available UV excimer lasers as well as krypton
lasers may be used.

Referring initially to Figure 6, the illustrated apparatus is seen to include a
base 200 and a source 202 of coherent light spaced from the base 200. A preferred
source of coherent light is a laser. The illustrated apparatus is depicted as including
an elongated mechanism 204, which itself is characterized as including spaced-apart
mounts 206 (one of which is shown in the foreground in Figure 6), fixed to the base
200, and a crank 208 rotatably carried by the mounts 206 (both of which are shown
in Figure 10), wherein crank 208 is rotatable about an axis C-C, spaced above and
disposed generally parallel to the base 200, wherein the mounts 206 are disposed to
rotatably present tube 106 transverse to the source 202 of coherent light.

Still referring to the illustrated apparatus for effecting variable diffuser
recording in a photosensitive medium, the hollow cylindrical member 106 (see,
e.g., Figures 1-3), rotatably mounted on the mechanism 204 (Figures 6, 10 and 11),
is depicted as having a cured, uniform layer of photosensitive material 110A on the
external circumferential surface thereof.

The illustrated apparatus is further depicted as including an optical objective
device 214 spaced above the base 200. Objective device 214 is located between the
source of coherent light 202 and the hollow cylindrical member 106, for effecting
physical relationships depicted in Figures 6, 7, 10 and 11, which relationships will

be described in detail hereinbelow.
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. Referring briefly to Figure 8, there is shown a preferred optical objective
device 214, which may be characterized as including a magnification lens 216,
typically 20X to 60X, a spherical lens 218, a cylindrical lens 220, an elliptical lens
222, and combinations thereof, for providing a magnification component, a
cylindrically-elongated component, an elliptically-elongated component, and
combinations thereof, respectively, to the cross-sectional area of coherent light.

Returning to Figures 6, 10 and 11, the illustrated apparatus is seen to further
include a diffuser mask 224, mounted on the base 200 and located between the
objective device 214 and the cylindrical member 106, for diffusing and imparting to
the coherent light from source 202 a preselected irregular speckle pattern, which
pattern thereafter exposes the cured photoresist layer 110A on the external
circumferential surface of cylindrical member 106.

As can be appreciated by those skilled in the art, coherent light passing
through optical objective device 214 may have its cross-sectional area either
magnified, or reduced, and/or cylindrically-affected, and/or elliptically-affected, as
desired, by the precise combination of components that are selected for inclusion
within the objective device 214 that is selected.

However, it is not widely known by those skilled in the art that special
diffusers may be designed to achieve such a result. For example, to achieve such a
result via special diffuser, the optically light-transmissive mask 224 preferably is a
holographic diffuser capable of imparting a desired, preselected speckle pattern to
the light used to record the photosensitive medium, as is described in U.S. Patent
5,365,354 (to Jannson et al.) and U.S. Patents 5,534,386 and 5,609,939 (both to
Petersen et al.), all of which have been assigned to Physical Optics Corporation of
Torrance, California, U.S.A., and hereby incorporated by reference. Briefly
summarizing these patents, our colleagues have discovered that preselected irregular .
speckle patterns used to record diffusers enable the diffusers, upon playback, to
modify desirably the shape of the output light that is passing through the diffuser. A
ground glass, or other suitable light-transmissive mask 224 may also be used.

Referring to Figure 6, the illustrated apparatus is shown further including a

blocker 226, that defines an aperture 228 (Figure 9) of preselected dimensions,
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wherein blocker 226, carried by base 200, is so located and oriented between the
diffuser mask 224 and the cylindrical member 106 as to be used for desirably and
selectably effecting exposure of a preselected portion (shown in Figure 10 as
circumferential band 230) of the cured layer of photosensitive medium 110B, now
exposed but as yet undeveloped, on the external circumferential surface of hollow
cylindrical member 106.

Referring to Figure 9, preferred blocker 226 is of generally planar shape and
construction, and is orientated generally normal to the path of the coherent light, as
can be seen from Figures 6, 7, 10 and 11.

With further reference to Figure 9, the aperture 228 is depicted as being
generally rectangular in shape, with relatively sharp edges and having a width
(“W?) ranging from about 3 inches to about 10 inches and a height (“H”) of about 3
inches to about 5 inches, preferably about 4 inches, but depending on the size of the
cylindrical member 106.

Further in reference to the illustrated apparatus for effecting variable diffuser
recording in photosensitive material, a first length (“LL1”) dimension as shown in
Figures 6, 7, 10 and 11 is defined as the distance traveled by the coherent light
between the optical objective device 214 and diffuser mask 224.

A second length (“L2”) dimension is defined as the distance traveled by the
coherent light between the diffuser mask 224 and the now exposed (Figure 7) layer
of photosensitive material 110B on the external circumferential surface of cylindrical
member 106.

A third length (“L3”) dimension is defined as the distance traveled by the
coherent light between the exposed layer (Figure 7) of photosensitive medium 110B
on thé cylindrical member 106 and the apertured (Figure 9) blocker 226.

During normal operation of the illustrated apparatus, it is contemplated that
any one of the first, second, and third length (“L1” - “L.3”) dimensions can be
changed, and controllably is changed pursuant to selected criteria, relative to any
other one of said length (“L1” - “L3”) dimensions, for effecting variable diffuser

recording in the photosensitive medium 110A.
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In operation, rotation of the hollow cylindrical member 106 about axis of
rotation C-C of the mechanism 204 is for causing the unexposed layer of
photosensitive medium 110A on the external circumferential surface of cylindrical
member 106 to be exposed to coherent light (from source 202) passing initially
through optical objective device 214, and thereafter through diffuser mask 224, and
finally through the aperture 228 of blocker 226, resulting in exposure of a portion of
the photosensitive material 110B on tube 106.

From the above, a process for effecting variable diffuser recording in
photosensitive medium may be summarized as follows.

Such a process may be characterized as including the step of providing the
elongated cylindrical member 106, rotatably mounted on mounts 206 and disposed
along the longitudinal axis C-C, with a cured, unexposed layer of photosensitive
medium 110A, which is located on the external circumferential surface of
cylindrical member 106.

The process further contemplates including the steps of directing the
coherent light beam produced by the source of coherent light 202 toward the cured,
unexposed photosensitive medium 110A, and interposing the optical objective device
214 in the coherent light beam between the coherent light beam source and the
unexposed photosensitive medium 110A.

The process further includes the steps of interposing the optically light-
transmissive diffuser mask 224 in the coherent light beam between the optical
objective device 214 and the unexposed photosensitive medium 110A, and then
separately interposing the blocker 226 defining the aperture 228 of preselected
dimensions in the coherent light beam between the optically light-transmissive
diffuser mask 224 and the unexposed photosensitive medium 110A.

The process also contemplates the step of next changing the distance (“L1”
and/or “L2” and/or “L3”) dimensions between the diffuser mask 224 and optical
objective device 214, or diffuser mask 224 and layer of unexposed photosensitive
medium 110A, and/or blocker 226 and layer of unexposed photosensitive medium
110A, for effecting variable exposure of the layer of cured, unexposed

photosensitive medium 110A.
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Such a process further includes the steps of rotating the cylindrical member
106 via crank 208 or by motor (not shown) through a preselected angle “alpha” o
(shown in Figure 6) about its elongated axis C-C, thereby exposing the resultant
arcuate portion of the layer of unexposed photosensitive medium 110A, within
narrower band 230 (Figure 10) or wider band 230A (Figure 11), to coherent light,
for a preselected period of time, for the purpose of exposing the wider band 230 or
the narrower band 230A, whichever is appropriate, for the now exposed
photosensitive medium 110B.

The process further includes the step of continuing to rotate cylindrical
member 106 through said preselected angle in the presence of the coherent light,
thereby to expose the entire circumferential boundary of narrower band 230 (Figure
10), or entire circumferential boundary of wider band 230A (Figure 11), of the
unexposed photosensitive medium 110A on the illustrated cylindrical member 106.

Referring to Figure 10, circumferential band 230 is thus defined as the
longitudinal portion of the lengthwise circumferential exterior surface of exposed
photosensitive medium 110B, rotated through 360°, on cylindrical member 106. A
similar lengthwise circumferential exterior surface of exposed photosensitive
medium 110B is shown in Figure 11 as the relatively wider circumferential band
230A. Accordingly, the process includes moving the cylindrical member 106 a
preselected longitudinal or transverse distance (as depicted in Figures 10 and 11)
relative to the light source, and repeating the above-recited steps until the entire
circumferential exterior surface of the unexposed layer of photosensitive medium
110A is exposed.

Summarizing the above, a variable diffuser can thus be manufactured by (1)
partially rotating tubular member 106 about axis C-C (Figures 10 and 11) to present
a desired portion of unexposed photosensitive medium 110A on tube 106; (2)
selecting suitable lenses 216, 218, 220 and/or 222 for objective device 214; (3)
selecting the aperture 228 (Figure 9) that provides the desired “W” and “H”
dimensions; (4) selecting appropriéte relative distances L1, L2 and L3 and mask 224
(Figure 7); and (5) energizing coherent light source 202 to achieve a desired speckle

pattern in the exposed photosensitive medium 110B that results. Thereafter, tube
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106 with still unexposed photosensitive medium 110A thereon may be moved
laterally (Figures 10 and 11) relative to the incident light beam, as desired, and
steps (2) through (5) repeated to achieve longitudinally variable diffuser properties
in exposed photosensitive medium 110B on tube 106. Alternatively, steps (1)
through (5) may be repeated to achieve circumferentially variable light-diffuser
properties in exposed photosensitive medium 110B on tube 106. In accordance with
principles of our invention, a variable diffuser consisting of either narrow
circumferential bands 230 (Figure 10) or wider circumferential bands 230A (Figure
11), or combinations of narrow and wide circumferential bands 230, 230A, as
desired, and each having been recorded with various light shaping and diffusing
microstructures which yield different light output characteristics upon playback, can
thus be made on a single tubular member such as tube 106. Additional principles of
the illustrated and above-described apparatus and process for effecting variable
diffuser recording in photosensitive medium may be discerned from data presented

in the following Table, along with our following discussion of that data.
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TABLE
Device 214 Exposed
Objective Mask 224 Photoresist
L1 12 L3
Cylindrical Mid-Master Media 110B
Elliptical Final Master
Obj: 20X 5 inches 3° 87 inches 6 inches 5°
Obj: 40X 19 inches 4° 73 inches 4 inches 20°
Obj: 60X
Elli: 60 inches 13° X 5° 35 inches 1 inch 100° X 90°
45X0.28
Obj: 60X
Elli: 22 inches 13° X 5° 40 inches 2 inches 60° X 40°
45X0.28
Obj: 60X
EHi: 11 inches 13° X 5° 50 inches 3 inches ‘50° X 10°
45X0.28
Obj: 40X
8 inches | 20° X 0.2° 86 inches 5 inches 20° X 1°
Cyl.
Obj: 20X
vl 7 inches | 20° X 0.2° 80 inches 4 inches 6° X 0.3°
yl.
Obj: 60X
vl 8 inches | 20° X 0.2° 43 inches 4 inches 60° X 0.5°
yl.
Obj: 60X
vl 59 inches 13° X 5° 34 inches 1 inch 130° X 70°
yl. :

The last column of the TABLE lists the angles of the output of the final

master, i.e., the angle of the cone of shaped light output by the final master. In the

first two entries, one listed angle corresponds to a circular output of light while

TABLE entries having two angles correspond to the major and minor angles of an

elliptically shaped output. Also, where there are two angles listed, the first angle is




WO 02/20255 PCT/US01/41939

10

15

20

25

30

20

the angle that was disposed along the length of tube 106 during the exposure step,
while the second angle is the angle that was disposed arcuately along the
circumference of unexposed photosensitive material 110A. Such elliptical outputs
result from the presence of the elliptical nature of the objective disclosed in the first
column of the TABLE and/or the elliptical nature of the mid-master disclosed in the
TABLE. Mid-masters having elliptical outputs preferably were themselves
previously recorded as elliptical LSD® diffusers by being exposed to recording light
having elliptical speckle as depicted in Figures 23A and 23B.

Also further note that L2, in general, is relatively large for small angles, and
relatively small for large angles. The various parameters presented in the TABLE
may thus be varied, to produce a light shaping diffuser pattern in one or more
portions of the exposed photosensitive material 110B (see, e.g., Figures 6-11),
which is either arcuately disposed or longitudinally disposed, along the exterior
circumferential surface of tube 106, as desired. Lastly, we have advantageously
discovered that the exposure of the photosensitive material, as herein described and
disclosed, results in exposures that are so feathered together at edge margins, as to
produce truly seamless diffuser masters, even where adjacent portions of the master
have been recorded with different recording setups.

In accordance with this aspect of our invention, exposed photosensitive
material 110B on tube 106, after being developed (see, e.g., Figures 23 and 13), is
one such truly seamless diffuser master, and the exposed and subsequently
developed photosensitive material 110C is used to produce additional seamless
masters, as will be described in detail hereinbelow.

The following EXAMPLE discloses and describes select procedures and
equipment (well known to those in the art) that we used to generate the data
presented in the TABLE.

EXAMPLE: TO ARRANGE BEAM AND MOUNTING
Set suitable objective (normally 20X to 60X); put on pinhole filter when it is

necessary. Put Mid-master diffuser holder in place on a suitable table; securely
clamp-down Mid-master diffuser. Put onto holder a suitable Mid-master, according

to desired scattering angle. Put a Final-master and associated holder in place; clamp
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and fasten (e.g., glue) holder down securely. When setting-up for the big proportion
elliptical diffuser master, as shown in the TABLE, set the cylindrical lens following
the objective in a manner so as to form a “soft” edge focus 3 to 9 inches wide.
Direct the slit beam to the center of the Mid-master. Place all blockers to prevent
any stray light from falling on the Final-master. Finally, adjust the coherent light to
the Final-master to read, about 30 pm watts.

Thus concludes the description associated with the EXAMPLE. Accordingly,
reference is invited to Figures 12 and 13, for the following description as to how
exposed, undeveloped photosensitive medium 110B is converted to developed
photosensitive medium 110C.

Development of the now-exposed photosensitive material 110B begins by
selecting a suitable hollow cylindrical container 300 (Figure 12) having a length and
inner diameter sufficient to captively receive and retain the cylindrical member 106
having the exposed layer of photosensitive medium 110B on the exterior
circumferential surface thereof.

Then, tube 106 is disposed into container 300. Thereafter, a commercially-
available developer solution 312 is poured into the container 300, preferably in the
annular space between container 300 and cylindrical member 106, as shown in
Figure 13.

Thus, as is depicted in Figure 13, development of the exposed photosensitive
material 110B is preferably brought about by contacting the exposed photosensitive
medium 110B with an effective amount, preferably a 10% aqueous solution, of a
commercially-available developer solution 312, for an period of time ranging from
about 30 seconds to about 1 minute.

Alternatively, a set-up similar to what is shown in Figure 4 can be used to
develop the exposed photosensitive medium. For example, the exposed
photosensitive material may have the developer solution sprayed thereon, and the
resultant developer run-off can be collected in certain structure (not shown) to
collect (and perhaps re-use) the developer solution, as desired.

In any event, upon completion of the development step, a light-shaping

diffuser surface, characterized by preselected irregular microstructures, is fixed in
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the developed photosensitive medium along the entire length and exterior
circumferential surface of cylindrical member 106. The light shaping diffuser
surface is, on a microscopic scale, an elongated selective variation of the elements
and/or components of the above-described diffuser-recording apparatus shown in
Figures 6-11. Moreover, as can be appreciated by those skilled in the art after
reading this disclosure, the substitution of one or more of the illustrated components
with a functionally-equivalent mechanism will result in the desired orientation of the
microstructures of the light shaping diffuser surface: that is, e.g., either
perpendicular to or parallel with the longitudinal axis of cylindrical member 106, as
desired.

We have also discovered that overlap effects at edge margins, as might be
expected to be caused by overlap of either the exposed narrow cylindrical bands 230
of one embodiment (Figure 10) or the exposed wide cylindrical bands 230A of the
other embodiment (Figure 11) have resulted not in the presence of seams along such
overlap areas but rather in the production of a light-shaping and diffusing surface
that is continuous and truly seamless, substantially along the entire length and
exterior circumferential surface of cylindrical member 106.

Reference to Figures 14-17 is now made, to describe a preferred method for
applying a curable elastomeric liquid 400 to cylindrical member 106, wherein the
cylindrical member 106 now is provided with a light-shaping diffuser surface fixed
substantially along the entire length and exterior circumferential surface of
cylindrical member 106, wherein the light shaping diffuser surface is provided by
the developed photosensitive medium 110C on cylindrical member 106.

Curable elastomeric liquid 400 is applied along the length and exterior
circumferential surface of developed photosensitive material 110C on cylindrical
member 106, for example, by pouring a suitable commercially-available curable
liquid elastomeric material onto a vertically disposed commercially-available
cylindrical member 106, as is shown in Figures 14 and 15.

A sufficient amount of the curable elastomeric liquid 400 is poured onto
tubular member 106 (Figure 15) to cover the entire length and exterior

circumferential surface of tubular member 106, thereby producing a hollow
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cylindrical elastomeric member or sleeve 402, as is shown in Figure 16. Next, the
uncured elastomeric member or sleeve 402 covering tube 106 is cured, thereby
producing a cured hollow cylindrical elastomeric member or sleeve 402A (Figure
17), which can readily be inverted, and thereby separated from cylindrical member
(or tube) 106.

Preferably the invertible, hollow cylindrical elastomeric member 402A has a
radial thickness of about 1/16 inches to about 1/8 inches. Since the cured
elastomeric member 402A, prior to being cured, had been in intimate contact with
the microstructures of the light shaping diffuser surface recorded in the
photosensitive medium on cylindrical member 106, the cured elastomeric member
402A that results, has formed integrally within its surface a seamless light-shaping
diffuser surface, along the entire circumferential surface where the uncured
elastomeric member 402 (Figure 16) has been in intimate contact with the
microstructures on the surface of cylindrical member 106. Initially, the
microstructures are on the interior circumferential surface of uncured elastomeric
member 402. After curing, and upon inversion (see, e.g., Figure 17), the
microstructures and the light-shaping diffuser surface are presented on the exterior
circumferential surface of cured elastomeric member 402A.

Still referring to Figure 17, note that the cured elastomeric member 402A, at
this point, could itself be used to produce seamless diffusers, by a process {#hich
those skilled in the art would appreciate after reading this disclosure. However, we
prefer to use elastomeric member 402A to produce far more durable seamless
masters, as will be described in detail hereinbelow.

To cure the illustrated uncured elastomeric member 402 (Figure 16), we
prefer to subject the thus-poured elastomeric material to room temperature for a
period of about 24 hours. As defined herein, the term “room temperature” is
understood to mean 77°F (25°C).

Reference is next made to Figures 18-22, for the purpose of describing an
alternative method for producing the cured hollow cylindrical elastomeric member

described above.
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The alternative method, which utilizes the illustrated elements and
components of Figures 18-22, may be described as follows.

A solid cylindrical member 106B, preferably of glass, made in accordance
with principles of the present invention, and having a seamless light-shaping diffuser
surface integrally formed on the entire length and exterior circumferential surface
thereof, is placed on a plate 500 which in turn is disposed atop a base 502 (Figures
18-20). The illustrated base 502 and plate 500 are each generally circular or disc-
like in shape, and are dimensioned and configured to be concentric (Figure 22)
when assembled with cylindrical member 106B, as shown in Figure 20.

The cylindrical mold portions 504, 506, which are dimensioned to encircle
solid cylindrical member 106B, are then disposed on plate 500 and joined, as shown
in Figure 21. The axial length of the joined mold portions 504 and 506, and inner
diameter when joined, are so dimensioned relative to the solid cylindrical member
106B, as to present a gap 508 between the joined mold portions 504, 506 and the
cylindrical member 106B as shown in Figure 22.

Next, the above-disclosed curable elastomeric liquid 400 (Figures 14 and 15)
is poured into gap 508 and cured, as above described, to produce in gap 508, an
alternative embodiment of the elongated hollow cylindrical elastomeric member that
was described above. Preferably, the alternative embodiment (not shown) of the
elongated hollow cylindrical elastomeric member (described above) is similarly
invertible and also has a radial thickness of about 1/16 inches to about 1/8 inches.
The above-described methods of making a one-piece hollow cylindrical invertable
elastomeric master, as described hereinabove, shall now be summarized.

The method comprises a series of steps. The first step contemplates applying
an effective amount of a curable liquid photosensitive medium to an external
circumferential surface of a cylindrical member. The cylindrical member is
preferably elongated, defining a longitudinal axis. The cylindrical member,
moreover, is rotatable about its longitudinal axis.

An additional step contemplates rotating the cylindrical member about its
longitudinal axis, with the curable liquid photosensitive medium thereon, for

forming substantially along the length and exterior circumferential surface of the
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cylindrical member a substantially seamless layer of curable photosensitive medium
of substantially uniform radial dimension.

Next, the layer of photosensitive medium is cured on the elongated
cylindrical member.

A further step of the method includes next subjecting the cured layer of
photosensitive medium (that has been applied to the cylindrical member),
substantially along the length and exterior circumferential surface thereof, to a
source of coherent light that has been passed through a mid-master diffuser and
thereby having imparted to it speckle, and then rotating the cylindrical member
about its longitudinal axis to expose the photosensitive medium substantially along
the length and exterior circumferential surface thereof in an irregular manner in
accordance with the particular speckle in the coherent light, wherein the exposed
photosensitive medium is able to be developed.

Next, the exposed photosensitive medium is developed substantially along
the length and exterior circumferential surface of the photosensitive medium on the
cylindrical member, to fix the irregularly exposed areas of the photosensitive
medium as physical microstructures in the medium.

The method further includes the step of applying, substantially along the
length and exterior circumferential surface of the developed photosensitive material,
an effective amount of a curable elastomeric liquid and thereafter curing the
elastomeric liquid, to produce an elongated hollow cylindrical elastomeric member
of predetermined radial dimension that is in intimate contact with the now developed
microstructures in the photosensitive material, thereby producing in the elastomeric
member a seamless light-shaping and diffusing surface where the elastomeric
member is in intimate contact with the microstructures, wherein the hollow
cylindrical elastomeric member is invertible.

The invertible hollow cylindrical elastomeric member is next separated from
the developed photosensitive material having the speckle pattern recorded therein.
The invertable hollow cylindrical elastomeric member integrally includes the
seamless light-shaping diffuser surface substantially along the length and inner

circumferential surface thereof.
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A further step of the method includes inverting the hollow cylindrical:
elastomeric member, for presenting the seamless light-shaping diffuser surface
substantially along the length and exterior circumferential surface of the hollo;v
cylindrical elastomeric member, thereby producing a hollow cylindrical elastomeric
master, which itself can be used to produce seamless diffusers, or more durable
seamless masters, as desired.

The above-described hollow cylindrical elastomeric member (or sleeve)
which thus has the integral light-shaping and light-diffusing surface on its
circumferential surface is preferably made of a commercially-available silicone
rubber.

As mentioned above, silicone rubber sleeve 402A preferably has integral
light-shaping and light-diffusing surfaces that take the form ofa plurality of
elongated integral microstructures 404A (Figure 23A) or 404B (Figure 23B), that
were preferably formed from the use of optical objective device 214 (Figures 7 and
8), specifically selected so as to include either the cylindrical lense-like elements
(Figures 23A) or the elliptical lense-like elements (Figure 23B), as was described
above in connection with the variable diffuser apparatus and methods (Figures 6-11)
aspect of the invention.

Reference is next made to Figures 23-32, to describe a preferred method of
producing a one-piece hollow cylindrical seamless metal master, which is another
one of the aspects of the present invention. The following method will be described
in reference to principles described herein. Briefly stated, the one-piece hollow
cylindrical seamless metal master has an integral light-shaping and light-diffusing
surface on an exterior circumferential surface portion thereof.

Hollow tube 600, preferably of commercially-available acrylic material and
having an outer diameter of about 6 inches, has the inverted silicone rubber sleeve
402A, preferably of 1/8 inch radial thickness, mounted on the exterior
circumferential surface (Figures 23 and 24) of hollow tube 600. The silicone rubber
sleeve 402A has a seamless light-shaping diffuser surface integral with the entire

length and exterior circumferential surface thereof.
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Tube 600 and rubber sleeve 402A are relatively dimensioned, to be of
substantially the same length. Moreover, the inner diameter of sleeve 402A is
dimensioned, relative to the outer diameter of tube 600, such that the inner diameter
of elastomeric sleeve 402A is under slight tension, with the result that the exterior
circumferential surface of sleeve 402A, because it has been inverted after being
formed (see, €.g., Figures 14-17), is under slightly greater tension, substantially
along the entire exterior circumferential surface of tube 600, so that sleeve 402A
does not move longitudinally relative to tube 600 when rotatably carried thereby.

The method to produce the mentioned one-piece hollow cylindrical seamless
metal master contemplates next intimately contacting the exterior circumferential
surface of the elastomeric material with an effective amount of a coating 602 of a
first metal. Coating 602 is thus applied to the light-shaping diffuser surface of sleeve
402A, substantially along the length and exterior circumferential surface of sleeve
402A, to “convert” the elastomeric sleeve 402A, which is for the purpose of
enabling a suitable hard metal to be applied thereto. A preferred “conversion”
coating is silver. In addition to applying a silver coating as herein described, other
suitable metal “conversion” coatings, well-known to those skilled in art, may be
applied by other suitable methods, also known to those skilled in the art, such as
vapor deposition.

The purpose of the “conversion” coating is for enabling a suitable hard metal
subsequently to be applied to the light-shaping diffuser surface portion of silicone
rubber sleeve 402A. Other suitable “conversion” metals may thus be applied onto
the light-shaping diffuser of silicone rubber sleeve 402A, such as by vapor
deposition or by plating, onto the “conversion” coating mentioned above.

The “conversion” coating layer 602 (depicted in Figure 25) is preferably
silver, and is radially dimensioned at the microscopic level, having a radial
thickness of about 1 to about 40 A and preferably having a radial thickness of 1 to 9
A.

The first metal coating 602 thus has an exterior circumferential surface as
well as an interior circumferential surface that is in intimate contact with the light-

shaping diffuser surface that is on the exterior circumferential surface of the hollow
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cylindrical elastomeric material layer 402A. Moreover, the first metal coating 602 is
in an amount and is radially dimensioned, relative to the exterior circumferential
surface of the hollow cylindrical elastomeric material layer 402A, such that the
light-shaping diffuser surface is substantially reproducibly transferred from the
exterior circumferential surface of sleeve 402A to the “conversion” (first metal)
coating 602.

The method to produce the above-mentioned one-piece hollow cylindrical
seamless metal master, which is described above and that is used to make seamless
diffusers for various (especially wide-screen) applications, further contemplates the
step of intimately contacting the exterior circumferential surface of the “conversion”
(i.e., first metal) coating with a layer 604 of a second metal that is preferably
passivatable. The second metal layer 604 has an exterior circumferential surface as
well as an interior circumferential surface that is in such intimate contact with the
exterior circumferential surface of the first metal coating 602 such that the light-
shaping diffuser surface is substantially reproducibly transferred radially from the
exterior circumferential surface of the first metal coating (i.e., conversion coating
602) to the interior circumferential surface of the passivatable second middle layer
604, after the cylindrical element 600 and the hollow cylindrical elastomeric
material layer 402A are separated from the second metal layer 604, as is show in
Figures 27 and 28.

For illustrative purposes, the light-shaping diffuser surface 606 is shown
along the entire length (Figure 27) and inner circumferential surface (Figure 28) of
the metal layer 604. The light-shaping diffuser surface 606 (shown in Figures 27
and 28) is integral with the inner circumferential surface of exemplary passivatable
metal layer 604,

The preferred method of applying a suitable hard metal onto the
“conversion” coating 602 is by plating a suitable hard, passivatable metal. As was
mentioned above, those skilled in the art may choose to employ other suitable
techniques, such as vapor deposition, to apply a suitable hard metal coating onto a

suitable “conversion” coating.



WO 02/20255 PCT/US01/41939

10

15

20

25

30

29

The method to produce the mentioned one-piece hollow cylindrical seamless
metal master next contemplates the step of passivating the interior circumferential
light-shaping diffuser surface portion of the second metal layer, and then intimately
contacting the now-passivated interior circumferential light-shaping diffuser surface
portion of the second metal layer 604 with a layér 608 of a third metal, as is shown
in Figures 29 and 30.

The third metal layer 608 is cylindrical and defines an interior
circumferential surface and has an exterior light-shaping diffuser-contacting
circumferential surface that is in such intimate contact with the interior
circumferential surface of the second metal layer 604, whereupon the light-shaping
diffuser surface is substantially reproducibly transferred radially from the interior
circumferential surface of the second metal layer 604 to the exterior circumferential
surface of the cylindrical thifd metal layer 608 after separation of the second metal
layer 604 therefrom, as is shown in Figures 31 and 32, resﬁlting in a hollow
cylindrical metal shim 608 having the light-shaping diffuser surface 606 integrally
formed seamlessly along the entire length (Figure 31) and exterior circumferential
surface (Figure 32) thereof.

Moreover, as can be appreciated by those skilled in the art, the above-
described method can be repeated to produce another embodiment of metal shim
608A having a length and inner diameter rotatably mountable onto commercially
available equipment 610 for producing seamless diffusers of desired width and
length, as is illustrated in Figure 33.

To elucidate this particular aspect of the present invention, the above-
described method for forming a one-piece cylindrical seamless metal master shall
now be summarized.

The method contemplates the step of radially mounting onto an exterior
circumferential surface portion of a cylindrical element 600 a unitary hollow
cylindrical layer 402A of elastomeric matg\rial defining an exterior circumferential
surface and having an integral light-shaping diffuser surface 606 (Figures 23 and 24)
on the exterior circumferential surface thereof. The light-shaping diffuser surface

defines a plurality of preselected speckle patterns 404A (Figure 23A) or 404B
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(Figure 23B) and their resultant, associated geometrical shapes (e.g., Figures 23A
and 23B) having preselected transversely-disposed or longitudinally-disposed
orientation and dimensions as well, as preselected radial dimensions.

The present method further contemplates the step of intimately contacting the
exterior circumferential surface of the unitary elastomeric material layer 402A with
an effective amount of a “conversion” coating 602 of a first metal (Figures 25 and
26), wherein the first metal (i.e., “conversion”) coating 602 defines an exterior
circumferential surface and an interior circumferential surface that is in intimate
contact with the exterior circumferential surface of the hollow cylindrical
elastomeric material layer 402A, and wherein the first metal coating 602 is in an
amount and is radially dimensioned, relative to the exterior circumferential surface
of the hollow cylindrical elastomeric material layer 402A, such that the light-
shaping diffuser surface is substantially reproducibly transferred from the exterior
circumferential surface of the hollow cylindrical elastomeric material layer 402A,
radially through the first metal coating 602, to the exterior circumferential surface
of the first metal coating 602.

The method further contemplates including the step of intimately contacting
the exterior circumferential surface of the first metal coating 602 with a layer 604 of
a second metal, wherein the second metal is preferably passivatable, and wherein
the second metal layer 604 defines an exterior circumferential surface and an
interior circumferential surface that is in such intimate contact with the exterior
circumferential surface of the first metal coating 602 that the light-shaping diffuser
surface is substantially reproducibly transferred radially from the exterior
circumferential surface of the first metal coating 602 to the interior circumferential
surface of the passivatable second metal layer 604 after the cylindrical element 600
and the hollow cylindrical elastomeric material layer 402A (see, €.g., Figures 25

and 26) are separated from the second metal layer 604 (see, e.g., Figures 27 and

28).

The method thus contemplates, before passivating the second metal layer
604, the step of separating the cylindrical element 600 and the hollow cylindrical

elastomeric material layer 402A from the second metal layer 604 (see, e.g., Figures
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25 and 26), whereupon the light-shaping diffuser surface 606 is substantially
reproducibly transferred radially from the exterior circumferential surface of the
first metal coating 602 to the interior circumferential surface of the passivated
second metal layer 604 (as is depicted in Figures 27 and 28).

The method further contemplates including the step of next passivating the
interior circumferential light-shaping diffuser surface portion 606 of the second
metal layer 604 and thereafter intimately contacting the interior circumferential
light-shaping diffuser surface portion 606 of the second metal layer 604 with a layer
608 of a third metal, wherein the third metal layer 608 is cylindrical and defines an
interior circumferential surface and an exterior circumferential surface that is in
such intimate contact with the interior circumferential surface of the second metal
layer 604 that the light-shaping diffuser surface 606 (see, e.g., Figures 29 and 30) is
substantially reproducibly transferable radially from the interior circumferential
surface of the second metal layer 604 to the exterior circumferential surface of the
cylindrical third metal layer 608 after separation of the second metal layer 604
therefrom (see, e.g., Figures 31 and 32).

The method thus further includes the step of separating the passivated second
metal layer 604 from the cylindrical third metal layer 608, whereupon the light-
shaping diffuser surface 606 is substantially reproducibly transferred radially from
the interior circumferential surface of the second metal layer 604 to the exterior
circumferential surface of the cylindrical third metal layer. In the above-described,
summarized method, the first metal coating 602 is preferably silver and the second
metal layer 604 is preferably plated nickel. The illustrated plated nickel layer 604,
moreover, is preferably longitudinally elongated, unitary, hollow and cylindrical,
and has a radial thickness of about .005 inches to about .0010 inches. In the above-
described, summarized method the third metal layer 608, preferably also plated
nickel, is longitudinally-elongated, unitary, and has a radial thickness of about .0020
inches.

An alternative method, depicted in Figures 23-2, 24-2, 29-2 and 30-2, shall
now be summarized. This method is directed to the steps for producing a metal

(preferably nickel) cylindrical sleeve.
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A silicone rubber sleeve 402A with the integral light-shaping diffuser surface
606 on the inner diameter is disposed longitudinally within hollow tube 600, as
shown in Figures 23-2 and 24-2. The inner diameter of tube 600 is substantially the
same dimension as the outer diameter of sleeve 402A, with the result that rubber
sleeve 402A fits snugly within tube 600. The radial thickness of sleeve 402A is
preferably 1/10 inch.

Next, a silver “conversion” coating is applied to the inner circumferential
surface of sleeve 402A, onto and preferably completely covering the integral light-
shaping diffuser surface 606.

After that a hard metal, preferably nickel, is plated onto the “conversion”
coating. The radial thickness of the silver “conversion” coating is as described
above. The radial thickness of the thus-plated nickel is also as stated above, and is
most preferably about 5/1000 inch to about 7/1000 inch.

Finally, a third metal layer 608 is plated onto the nickel layer (mentioned
above), as shown in Figures 29-2 and 30-2. Radial thickness of the third metal
layer 608 is as described above. Also, subsequent steps to produce the nickel sleeve
are as described above.

What has been illustrated and described herein is a cylindrical seamless metal
master for producing seamless light-shaping diffuser sheets of desired length and
width having uniform or variable diffusing characteristics along the length and/or
width of the sheets. Also illustrated and described are several aspects of the
seamless metal diffuser, including a method of making a one-piece hollow invertible
rubber master and an apparatus and process for effecting variable diffuser recording
in photosensitive medium such as conventional photoresist. While the present
invention is described in the above text and accompanying drawing figures, it is not
the intent of the inventors to limit the invention to the preferred embodiments
contained herein. Indeed, after referring to this patent specification, those skilled in
the art will conceive further embodiments of the present invention. For these
reasons, the current inventors desire that their present invention be protected by all
alternative embodiments and equivalents as is afforded by a broad interpretation of

the appended claims.
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We Claim:

1. A one-piece cylindrical seamless master having an integral light-shaping
diffuser surface on a surface portion thereof, wherein the cylindrical master defines

a longitudinal axis and is rotatable thereabout.

2. The one-piece cylindrical seamless master of claim 1, wherein the seamless
master is hollow, longitudinally-elongated and defines an interior circumferential

surface.

3. The one-piece cylindrical seamless master of claim 2, wherein the hollow

seamless master has a radial thickness of about 0.02 inches.

4, The one-piece cylindrical master of claim 1, wherein the master, when
rotated about its longitudinal axis, is used to produce a seamless light-shaping
diffuser.

5. The one-piece cylindrical seamless master of claim 1, wherein the seamless

master is made of a hard metal.

6. The one-piece cylindrical seamless master of claim 2, wherein the seamless

master is made of plated nickel.

7. The one-piece cylindrical seamless master of claim 1, wherein the one-piece
seamless master is hollow, longitudinally-elongated and defines an interior
circumferential surface, wherein the hollow, longitudinally-elongated seamless
master has a radial thickness of about 0.02 inches, wherein the longitudinally-

elongated seamless master, when rotated about its longitudinal axis, is used to
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produce a seamless light-shaping diffuser, wherein the seamless master is made of a

hard metal, and wherein the hard metal is plated nickel.

8. A method for forming a one-piece cylindrical seamless metal master,

comprising the steps of:
(1)  radially mounting onto a cylindrical element a unitary hollow
cylindrical layer of elastomeric material having an integral light-shaping
diffuser surface on the exterior circumferential surface thereof, wherein the
light-shaping diffuser surface defines preselected transversely-disposed and
longitudinally-disposed geometrical shapes having preselected radial
dimensions;
2 intimately contacting the exterior circumferential surface of the
unitary elastomeric material layer with a coating of a first metal, wherein the
first metal coating defines an exterior circumferential surface and an interior
circumferential surface that is in intimate contact with the exterior
circumferential surface of the unitary elastomeric material layer, and wherein
the first metal coating is in an amount and is radially dimensioned, relative to
the exterior circumferential surface of the unitary elastomeric material layer,
such that the light-shaping diffuser surface is substantially reproducibly
transferred from the exterior circumferential surface of the unitary
elastomeric material layer, to the exterior circumferential surface of the first
metal coating;
3 intimately contacting the exterior circumferential surface of the first
metal coating with a layer of a second metal, wherein the second metal is
passivatable, wherein the second metal layer defines an exterior
circumferential surface and an interior circumferential surface that is in such
intimate contact with the exterior circumferential surface of the first metal
coating that the light-shaping diffuser surface is substantially reproducibly
transferred radially from the exterior circumferential surface of the first
metal coating to the interior circumferential surface of the passivatable

second metal layer;
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(4)  separating the cylindrical element and the unitary elastomeric material
layer from the second metal layer, whereupon the light-shaping diffuser
surface is substantially reproducibly transferred radially from the exterior
circumferential surface of the first metal coating to the interior
circumferential surface of the passivatable second metal layer;

(5)  passivating the interior circumferential light-shaping diffuser surface
of the second metal layer;

6) intimately contacting the interior circumferential light-shaping
diffuser surface of the second metal layer with a layer of a third metal,
wherein the third metal layer is cylindrical and defines an interior
circumferential surface and an exterior circumferential surface that is in such
intimate contact with the interior circumferential light-shaping diffuser
surface of the second metal layer that the interior circumferential light-
shaping diffuser surface of the second metal layer is substantially
reproducibly transferable radially to the exterior circumferential surface of
the cylindrical third metal layer; and

@) separating the passivated second metal layer from the cylindrical third
metal layer, whereupon the light-shaping diffuser surface is substantially
reproducibly transferred radially from the interior circumferential surface of
the second metal layer to the exterior circumferential surface of the

cylindrical third metal layer.

The method of claim 8, wherein the unitary hollow cylindrical layer of

elastomeric material has a radial thickness of about 1/16 inches to about 1/8 inches.
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10.  The method of claim 9, wherein the first metal coating is silver.
11.  The method of claim 8, wherein the second metal layer is plated nickel.

12. The method of claim 11, wherein the plated nickel layer is longitudinally-
elongated, unitary, hollow and cylindrical, and has a radial thickness of about 5 /
1000 inches to about 10/1000 inches.

13.  The method of claim 8, wherein the third metal layer is plated nickel.

14.  The method of claim 13, wherein the plated nickel layer is longitudinally

elongated, unitary, and has a radial thiékness of about 0.020 inches.

15. A one-piece cylindrical seamless master formed by a method, the method

comprising the steps of:
) fadially mounting onto an exterior circumferential surface portion of
a cylindrical element a unitary hollow cylindrical layer of elastomeric
material defining an exterior circumferential surface and‘ having an integral
light-shaping diffuser surface on the exterior circumferential surface thereof,
wherein the light-shaping diffuser surface defines preselected speckle
patterns and resultant transversely-disposed and longitudinally-disposed
geometrical shapes having preselected radial dimensions;
(2)  intimately contacting the exterior circumferential surface of the
unitary elastomeric material layer with an effective amount of a coating of a
first metal, wherein the first metal coating defines an exterior circumferential
surface and an interior circumferential surface that is in iﬁtimate contact with
the exterior circumferential surface of the hollow cylindrical elastomeric
material layer, and wherein the first metal coating is in an amount and is
radially dimensioned, relative to the exterior circumferential surface of the

hollow cylindrical elastomeric material layer, such that the light-shaping
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diffuser surface is substantially reproducibly transferred from the exterior
circumferential surface of the hollow cylindrical elastomeric material layer,
to the exterior circumferential surface of the first metal coating;

3) intimately contacting the exterior circumferential surface of the first
metal coating with a layer of a second metal, wherein the second metal is
passivatable, wherein the second metal layer defines an exterior
circumferential surface and an interior circumferential surface that is in such
intimate contact with the exterior circumferential surface of the first metal
coating that the light-shaping diffuser surface is substantially reproducibly
transferred radially from the exterior circumferential surface of the first
metal coating to the interior circumferential surface of the passivatable
second metal layer;

4 separating the cylindrical element and the hollow cylindrical
elastomeric material layer from the second metal layer, whereupon the light-
shaping diffuser surface is substantially reproducibly transferred radially
from the exterior circumferential surface of the first metal coating to the
interior circumferential surface of the passivatable second metal layer;

(5) passivating the interior circumferential light-shaping diffuser surface
of the second metal layer;

(6) intimately contacting the interior circumferential light-shaping
diffuser surface of the second metal layer with a layer of a third metal,
wherein the third metal layer is cylindrical and defines an interior
circumferential surface and an exterior circumferential surface that is in such
intimate contact with the interior circumferential light-shaping diffuser
surface of the second metal layer that the light-shaping diffuser surface of the
secpnd metal layer is substantially reproducibly transferable radially to the
exterior circumferential surface of the cylindrical third metal layer; and

¥)) separating the passivated second metal layer from the cylindrical third
metal layer, whereupon the light-shaping diffuser surface of the second metal

layer is substantially reproducibly transferred radially from the interior
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circumferential surface of the second metal layer to the exterior

circumferential surface of the cylindrical third metal layer.

16.  The seamless master of claim 15, wherein the unitary hollow cylindrical
layer of elastomeric material has a radial thickness of about 1/16 inches to about 1/8

inches.

17.  The seamless master of claim 16, wherein the first metal coating is silver.

18.  The seamless master of claim 15, wherein the second metal layer is plated

nickel.

19.  The seamless master of claim 18, wherein the plated nickel layer is unitary,
longitudinally-elongated, hollow and cylindrical, and wherein the plated nickel layer

has a radial thickness of about 5 / 1000 inches to about 10 / 1000 inches.

20.  The seamless master of claim 15, wherein the third metal layer is plated

nickel.

21.  The seamless master of claim 20, wherein the plated nickel layer is unitary,

longitudinally elongated, and has a radial thickness of about 0.020 inches.

22.  Apparatus for effecting variable diffuser recording in photosensitive
medium, comprising:

a base;

a source of coherent light spaced from the base;

an elongated mechanism, mounted on the base and defining an axis of
rotation spaced from the base;

a cylindrical member rotatably mounted on the mechanism;
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a layer of photosensitive medium on the external circumferential surface of
said cylindrical member, whereby rotation of the cylindrical member about the axis
of rotation of the mechanism, relative to the base and in the presence of the coherent
light, is for causing the layer of photosensitive medium on the external
circumferential surface of the cylindrical member to become exposed;

an optical objective device, spaced from the base and located intermediate
the source of coherent light and the cylindrical member, for affecting the cross-
sectional area of the coherent light therebetween;

an optically light-transmissive diffuser, carried by the base and located
intermediate the optical objective device and the cylindrical member, for diffusing
and imparting a preselected speckle pattern to the affected cross-sectional area of
coherent light; and

a blocker defining an aperture of preselected dimensions, wherein the
blocker is carried by the base and is so oriented intermediate the diffuser and the
cylindrical member, as to be used for effecting exposure of a preselected portion of
the layer of photosensitive medium on the external circumferential surface of the

cylindrical member.

23.  The apparatus of claim 22,

wherein a first length is defined as the distance traveled by the coherent light
between the optical objective device and the diffuser,

wherein a second length is defined as the distance traveled by the coherent
light between the diffuser and the layer of photosensitive medium on the external
circumferential surface of the cylindrical member, and

wherein a third length is defined as the distance traveled by the coherent
light between the layer of photosensitive medium on the cylindrical member and the
blocker, ‘

whereupon any one of the first, second, and third lengths is changed relative
to any other one of said lengths, for effecting variable diffuser recording in the

photosensitive medium.
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24.  The apparatus of claim 22, wherein the optical objective device includes at
least one of a magnifying lens, a spherical lens, a cylindrical lens, an elliptical lens,
and combinations thereof, for providing at least one of a magnification component,
a cylindrically-elongated component, an elliptically-elongated component, and
combinations thereof, respectively associated therewith, to the cross-sectional area

of coherent light.

25.  The apparatus of claim 22, wherein the optically light-transmissive diffuéer
is a holographic diffuser.

26.  The apparatus of claim 22, wherein the blocker is of generally planar
construction, wherein the blocker is orientated generally normal to the path of the
coherent light, and wherein the aperture is generally rectangular and has a width

ranging from about 3 inches to about 10 inches and a height of about 4 inches.

27. A process for effecting variable diffuser recording in photosensitive medium,
comprising the steps of:

providing an elongated cylindrical member defining a longitudinal axis and
rotatable thereabout, wherein the cylindrical member includes a layer of
photosensitive medium on the external circumferential surface thereof;

directing a coherent light beam produced by a source of coherent light
toward the photosensitive medium;

interposing an optical objective device between the coherent light beam and
the photosensitive medium;

interposing an optically ligﬁt-transnﬁssive diffuser between the optical
objective device and the photosensitive medium;

interposing a blocker defining an aperture of preselected dimensions in the
coherent light beam between the optically light-transmissive diffuser and the

photosensitive medium; and
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changing the distances between the diffuser and the optical objective device,
or diffuser and layer of photosensitive medium, or blocker and layer of
photosensitive medium, for effecting variable exposure of the layer of photosensitive

medium.

28.  The process of claim 27, further including the steps of:

rotating the cylindrical members througl} a preselected angle about its
elongated axis,

exposing a portion of the layer of photosensitive medium to the coherent
light beam for a preselected period of time, thereby exposing said portion of
photosensitive medium,

continuing to rotate the cylindrical member through said preselected angle in
the presence of the coherent light beam for exposing a circumferential band of the
photosensitive medium on the cylindrical member, wherein said circumferential
band is defined as a circumferential portion of the lengthwise circumferential
exterior surface of the photosensitive medium on the cylindrical member;

moving one of the light source and the cylindrical member a preselected -
distance laterally relative to the other; and

repeating the above-recited steps until the entire circumferential exterior

surface of the layer of photosensitive medium is exposed.

29.  The method claim 28, wherein the optical objective device includes at least
one of a magnifying lens, a spherical lens, a cylindrical lens, an elliptical lens, and
combinations thereof, for providing at least one of a magnification component, a
cylindrically-elongated component, an elliptically-elongated component, and
combinations thereof, respectively associated therewith, to the cross-sectional area
of coherent light,

and further including the step of changing the components of the optical
objective device, after completing the moving step prior to completely exposing the
photosensitive medium, for effecting variable diffuser recording in the

photosensitive medium.
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A method of making a one-piece hollow cylindrical invertable elastomeric

master, comprising the steps of:

(1)  applying an effective amount of a liquid curable photosensitive
medium to an external circumferential surface of an elongated cylindrical
member defining a longitudinal axis and rotatable thereabout, and rotating
the cylindrical member about its longitudinal axis for forming substantially
along the length and exteric;r circumferential surface thereof a seamless layer
of curable photosensitive medium of substantially uniform radial dimension;
(2)  curing the layer of photosensitive medium on the elongated
cylindrical member;

(3)  subjecting the cured layer of photosensitive medium substantially
along the length and exterior circumferential surface thereof to a source of
coherent light that has had preselected speckle imparted thereto and rotating
the cylindrical member about its longitudinal axis, to expose the
i)hotosensitive medium and to produce an associated predetermined speckle
pattern in the exposed photosensitive medium substantially along the length
and exterior circumferential surface of the photosensitive medium on the
cylindrical member in an irregular manner, whereupon the exposed
photosensitive medium is subsequently able to be developed;

(4)  developing the exposed photosensitive medium, for fixing the
irregularly exposed areas of the photosensitive medium as physical
microstructures in the medium;

(5)  applying along the length and exterior circumferential surface of the
developed photosensitive material an effective amount of a curable
elastomeric liquid and curing the elastomeric liquid, to produce an elongated
hollow cylindrical elastomeric member of predetermined radial dimension
that is in intimate contact with the speckle pattern recorded in the
photosensitive material, thereby producing in the elastomeric member a
seamless light-shaping diffuser surface where the elastomeric member is in
intimate contact with the speckle pattern, wherein the hollow cylindrical

elastomeric member is invertable;
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(6)  separating the invertable hollow cylindrical elastomeric member from
the developed photosensitive material having the speckle pattern recorded
therein, whereupon the invertable hollow cylindrical elastomeric member has
the seamless light-shaping diffuser surface substantially along the length and
inner circumferential surface thereof; and |

(7)  inverting the hollow cylindrical elastomeric member, for presenting
the seamless light-shaping diffuser surface substantially along the length and
exterior circumferential surface thereof, thereby producing the hollow

cylindrical elastomeric master.

31.  The method of claim 30, wherein the photosensitive medium has a radial

thickness of about one micron to about one hundred microns.

32.  The method of claim 30, wherein the photosensitive medium has a radial

thickness of about thirty-five microns.

33.  The method of claim 30, wherein curing of the photosensitive medium is
effected by baking said medium at elevated temperature for about forty minutes to

about two hours.

34,  The method of claim 30, wherein curing of the photosensitive medium is
effected by baking said medium at about 90 degrees C for about one hour to about

two hours.

35.  The method of claim 30, wherein curing of the photosensitive medium is

effected by baking said medium at about 65 degrees C for about one hour.

36.  The method of claim 30, wherein the exposed photosensitive medium is

developed by contacting said medium with an effective amount of a 10 weight %
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aqueous developer solution for a period of time ranging from about thirty seconds to

about one minute.

37.  The method of claim 30, wherein the elastomeric liquid is cured by
subjecting said elastomeric liquid to room temperature for a time period of about

twenty-four hours.

38. The method of claim 30, wherein the hollow cylindrical elastomeric member

has a radial thickness of about 1 / 16 inches to about 1 / 8 inches.

39. A one-piece hollow cylindrical invertable elastomeric master, made by a

method comprising the steps of:
(1)  applying an effective amount of a liquid curable photosensitive
medium to an external circumferential surface of an elongated cylindrical
member defining a longitudinal axis and rotatable thereabout, and rotating
the cylindrical member about its longitudinal axis, for forming substantially
along the length and exterior circumferential surface thereof a seamless layer
of curable photosensitive medium of substantially uniform radial dimension;
(2)  curing the layer of photosensitive medium on the elongated
cylindrical member;
3) subjecting the cured layer of photosensitive medium substantiaily
along the length and exterior circumferential surface thereof to a source of
coherent light that has had preselected speckle imparted thereto and rotating
the cylindrical member about its longitudinal axis, to expose the
photosensitive medium and to produce an associated predetermined speckle
pattern in the exposed photosensitive medium substantially along the length
and exterior circumferential surface of the photosensitive medium on the
cylindrical member in an irregular manner, whereupon the exposed

photosensitive medium is subsequently able to be developed,;
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(4)  developing the exposed photosensitive medium, for fixing the
irregularly exposed areas of the photosensitive medium as physical
microstructures in the medium; |

(5)  applying along the length and exterior circumferential surface of the
developed photosensitive material an effective amount of a curable
elastomeric liquid and curing the elastomeric liquid, to produce an elongated
hollow cylindrical elastomeric member of predetermined radial dimension
that is in intimate contact with the speckle pattern recorded in the
photosensitive material, thereby producing in the elastomeric member a
seamless light-shaping diffuser surface where the elastomeric member is in
intimate contact with the speckle pattern, wherein the hollow cylindrical
elastomeric member is invertable;

6) separating the invertable hollow cylindrical elastomeric member from
the developed photosensitive material having the speckle pattern recorded
therein, whereupon the invertable hollow cylindrical elastomeric member has
the seamless light-shaping diffuser surface substantially along the length and
inner circumferential surface thereof; and

@) inverting the hollow cylindrical elastomeric member, for presenting
the seamless light-shaping diffuser surface substantially along the length and
exterior circumferential surface thereof, thereby producing the hollow

cylindrical elastomeric master.

The one-piece hollow cylindrical invertable elastomeric master of claim 39,

wherein the photosensitive medium has a radial thickness of about one-micron to

about one hundred microns.

41.

The one-piece hollow cylindrical invertable elastomeric master of claim 39,

wherein the photosensitive medium has a radial thickness of about thirty-five

microns.
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42.  The one-piece hollow cylindrical invertable elastomeric master of claim 39,
wherein curing of the photosensitive medium is effected by baking said medium at

elevated temperature for about forty minutes to about two hours.

43.  The one-piece hollow cylindrical invertable elastomeric master of claim 39,
wherein curing of the photosensitive medium is effected by baking said medium at a

temperature of about 90 degrees C for about one hour to about two hours.

44.  The one-piece hollow cylindrical invertable elastomeric master of claim 39,
wherein curing of the photosensitive medium is effected by baking said medium at a

temperature of about 65 degrees C for about one hour.

45.  The one-piece hollow cylindrical invertable elastomeric master of claim 39,
wherein the exposed photosensitive medium is developed by contacting said medium
with an effective amount of a 10 weight % aqueous developer solution for a period

of time ranging from about thirty seconds to about one minute.

46.  The one-piece hollow cylindrical invertable elastomeric master of claim 39,
wherein the elastomeric liquid is cured by subjecting said elastomeric liquid to room

temperature for a time period of about twenty-four hours.

47.  The one-piece hollow cylindrical invertable elastomeric master of claim 39,
wherein the hollow cylindrical elastomeric member has a radial thickness of about

1/16 inches to about 1/8 inches



WO 02/20255 PCT/US01/41939
1/11

72 Low . A




WO 02/20255

PCT/US01/41939
~5 2/11
<
N
| l \
(N
l N\
AN e
/70 — | NN 7
N _ \\té
A /24
/0‘4/ ~ ; // 4/
i-;// ' /28
X /
/30— LL/
- ///%
|
/& T Z 776

oo
&6 - \-” rj;l:i-r—r/ Fod
é:l / . ; :",’f'.' f
iy a2 30M
L s h— H0A
pae
t<—d/ —== V44 =| 3
i
Ny,
A [ R—ro06
. . [ M 4
del \ \=rr0A. .
/C/'G, // . r."}‘-l‘ 4
)% iy o
OB //’

3
<

v @/305




WO 02/20255

PCT/US01/41939
3/11
< /e s =
= T —=> :
s/ | GoY'
o ooy —Esd o;/
E% . //Z::, \ 7Y

pesle]
) ok
6. &
<—( [—>i< £& A
T PP |
e Y eeY~ N e 700
. / gi\‘\\:v;.-\;%/uOB
) — AR50
— \ ——— Rl
< S —={____ ]
G Jo T
. r“‘—_ T
| LOA ~—1| "/0‘5' |
e 4
_ /32 e
/ ‘ | -




PCT/US01/41939

WO 02/20255

4/11

222




PCT/US01/41939

WO 02/20255

5/11

—— m— w—— e——— SR
— ——

g 43

/=G /2




PCT/US01/41939

WO 02/20255

6/11




WO 02/20255 PCT/US01/41939

SI9Z

40k A




PCT/US01/41939

WO 02/20255

8/11




WO 02/20255 PCT/US01/41939

s
S Y Y A s e i - ¢oa
600 = _ I
VSR A, A AN A
. EF
ot SoEA
. (4
4 A4 Z. Z. Z. 7 Z. | ?
402 _)P—‘_,r:y_ 2 :\Z:oﬂ \ 2o
soe
o . l boo
Z. Z Z Z y4 y ARy yd
) . yd Z i 2z y AR 4 VA4 '/ 60‘/ . éay
Nd-doe
sob

VAR AR AR Ay A SR AR A AR 4

FrE. &7 frG. EF




PCT/US01/41939

WO 02/20255

10/11




WO 02/20255

/40&’

éo¢7

A Ay Ay Ay S 44 A4

Ll o L L L VAR AR AN,

g, 3/

60b

PCT/US01/41939

coy
& oL
e SO
Lo6G
co 8

6.2



International application No.

INTERNATIONAL SEARCH REPORT

PCT/US01/41939
A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) 1 B29D 17/00; GO3H 1/32; GO3B 21/60
US CL 1 428/141; 156/231; 430/320

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 428/141, 156, 418, 912.2, 913; 156/231, 275.5; 430/320, 1, 2, 321, 290; 264/2.5, 1.31; 359/15, 22, 599

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No,
Y US 5,609,939 A (PETERSEN et al) 11 March 1997 (11.03.1997), abstract, columns 3-10. 1-47
Y US 5,534,386 A (PETERSEN et al) 09 July 1996 (09.07.1996), abstract, columns 3-11. 1-47
Y US 4,906,315 A (MCGREW) 06 March 1990 (06.03.1990), absiract, claims 1-12. 1-47
Y US 4,758,296 A (MCGREW) 19 July 1988 (19.07.1988), abstract, claims {-12. 1-47
A US 5,151,917 A (PERILLOUX et al) 29 September 1992 (29.09.1992), abstract. 1-47
A US 5,365,354 A (JANNSON et al) 15 November 1994 (15.11.1994), abstract. 1-47

l:l Further documents are listed in the continuation of Box C. [:I See patent family annex.

* Special categories of cited documents: “T” later document published after the interational filing date or
priority date and not in conflict with the application but cited to
“A”  document defining the general state of the art which is not considered to understand the principle or theory underlying the invention
be of particular relevance
“Xr document of particular relevance; the claimed invention cannot be
“E”  earlier application or patent published on or after the intemational filing considered novel or cannot be considered to involve an inventive
date step when the document is taken alone
“L”  document which may throw doubts on priority claim(s) or which is cited “” document of particular relevance; the claimed invention cannot be
to establish the publication date of another citation or other special reason considered to involve an inventive step when the document is
(as specified) combined with one or more other such documents, such

combination being obvious to a person skilled in the art
“0” document referring to an oral disclosure, use, exhibition or other means

“&” document member of the same patent family
“p»  document published prior to the intemational filing date but later than the
nriority date claimad

Date of the actual completion of the international search Date of mailing of the international search report
14 January 2002 (14.01.2002) A n 1AFFR 2007
Name and mailing address of the ISA/US rized bffficer™(~ '

Commissioner of Patents and Trademarks .

Box PCT y ar /Q\/

Washington, D.C. 20231
Facsimile No. (703)305-3230 Telephone No. (703) 308-0661

Form PCT/ISA/210 (second sheet) (July 1998)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

