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(57) Abstract: Various non-limiting embodiments disclosed herein provide methods of making alignment facilities for optical dyes
& connected to an optical substrate. For example, one non-limiting embodiment provides a method of making an alignment facility for
& an optical dye connected to at least a portion of an optical substrate, such as an ophthalmic substrate, by forming at least one at least

partial coating comprising an at least partially ordered liquid crystal material on at least a portion of the substrate. Other non-limiting
embodiments related to optical elements, such as but not limited to ophthalmic elements, comprising an alignment facility for an
optical dye. Still other non-limiting embodiments provide alignment facilities for optical dyes comprising coatings or sheets of an
at least partially ordered liquid crystal material.
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ALIGNMENT FACILITIES FOR OPTICAL DYES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application Serial
Number 60/484,100, filed July 1, 2003, which is hereby specifically incorporated by
reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO A SEQUENCE LISTING
[0003] Not applicable.

BACKGROUND
[0004] Various non-limiting embodiments disclosed herein relate to methods of
making alignment facilities for optical dyes connected to at least a portion of an optical
substrate. Other non-limiting embaodiments related to optical elements, such as but not
limited to ophthalmic elements, comprising an alignment facility for an optical dye. Still
other non-limiting embodiments relate to alignment facilities for optical dyes comprising
coatings or sheets of an at least partially ordered liquid crystal material.
[0005] Liquid crystal molecules, because of their structure, are capable of being
ordered or aligned so as to take on a general direction. As used herein with reference to
the order or alignment of a material or structure, the term “general direction” refers to the
predominant arrangement or orientation of the material or structure. More specifically,
because liquid crystal molecules have rod- or disc-like structures, a rigid long axis, and
strong dipoles, liquid crystal molecules can be ordered or aligned by interaction with an
externzl force or another structure such that the long axis of each of the molecules iakes
on an orientation that is generally parallel to a common axis. For example, if an electric
or magnetic field is applied to a cell containing a disordered, fluid-mixture of liguid crystal
molecules, the long axis of essentially all of the liquid crystal molecules can be ordered
in a direction relative to the applied field. Once the field is removed, however, the
molecules will again randomly distribute themselves in fluid-mixture.
[0006] It is also possible to align liquid crystal molecules with an oriented surface.
That s, liquid crystal molecules can be applied to a surface that has been oriented, for
example by rubbing, grooving, or photo-alignment methods, and subsequently aligned
such that the long axis of each of the liquid crystal molecules takes on an orientation that
is generally parallel to the general direction of orientation of the surface.
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[0007] Aligning a liquid crystal material with an oriented surface as discussed above
generally involves holding the liquid crystal material on the oriented surface at a
temperature below the melting point of the liquid crystal material for some period of time
to allow the liquid crystal molecules to align themselves. Although the time required for
alignment depends on several factors, generally speaking, the thicker the layer of the
liquid crystal material applied to the oriented surface, the longer the time required to fully
align the liquid crystal material. Further, for some thick layers of liquid crystal materials,
full alignment may not be achieved.

BRIEF SUMMARY OF THE DISCLOSURE
[0008] Various non-limiting embodiments disclosed herein relate to methods of
making alignment facilities for an optical dye and alignment facilities made thereby. For
example, one non-limiting embodiment provides a method of making an alignment
facility for an optical dye on at least a portion of an ophthalmic substrate, the method
comprising forming a first at least partial coating on at least a portion of the ophthalmic
substrate, the first at least partial coating comprising an at least partially ordered liquid
crystal material having at least a first general direction; and forming at least one
additional at least partial coating on at least a portion of the first at least partial coating,
the at least one additional at least partial coating comprising an at least partially ordered
liquid crystal material having at least a second general direction that is generally parallel
to at least the first general direction.
[0009] Another non-limiting embodiment provides a method of making an alignment
facility for an optical dye on at least a portion of an optical substrate, the method
comprising forming a first at least partial coating on at least a portion of the optical
substrate, the first at least partial coating comprising an at least partially ordered liquid
crystal material having at least a first general direction; and forming at least one
additional at least partial coating on ai least g porlion of the first at least partial coating,
the at least one additional at least partial coating comprising an at least partially orderad
liguid crystal material having at least a second general direction that is generally parallel
io ai [east the first general direction of the liquid crystal material of the first at least partial
coating; wherein a sum of a thickness of the first at least partial coating and a thickness
of the at least one additional at least partial coating is greater than 20 microns.
[0010] Still another non-limiting embodiment provides a method of making an
alignment facility for an optical dye on at least a portion of an optical substrate
comprising forming an at least partial coating on at least a portion of the optical

substrate, the at least partial coating comprising an at least partially ordered liquid crystal
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material having at least a first general direction, wherein the at least partial coating has a
thickness greater than 6 microns.

[0011] Yet another non-limiting embodiment provides a method of making an
alignment facility for an optical dye comprising an at least partial coating comprising a
phase-separated polymer on at least a portion of an optical substrate, the method
comprising applying a phase-separating polymer system on the at least a portion of the
optical substrate, the phase-separating polymer system comprising a matrix phase
forming material comprising a liquid crystal material and a guest phase forming material
comprising a liquid crystal material; at least partially ordering at least a portion of the
matrix phase forming material and at least a portion of the guest phase forming material
such that the at least partially ordered portion of the matrix phase forming material has a
first general direction and the at least partially ordered portion of the guest phase forming
material has a second general direction that is generally parallel to the first general
direction; and causing at least a portion of the guest phase forming material to separate
from at least a portion of the matrix phase forming material by at least one of
polymerization induced phase separation and solvent induced phase separation.

[0012] Another non-limiting embodiment provides a method of making an alignment
facility for an optical dye comprising forming a sheet comprising an at least partially
ordered liquid crystal polymer having a first general direction; and an at least partially
ordered liquid crystal material having a second general direction distributed within at
least a portion of the at least partially ordered liquid crystal polymer, wherein the second
general direction is generally parallel to the first general direction.

[0013] Still another non-limiting embodiment provides a method of making an
alignment facility comprising an at least partial coating comprising an interpenetrating
polymer network, the method comprising imparting an orientation facility on at least a
portion of an optical substrate; applying a polymerizable composition and a liquid crystal
maierial on the at least 2 portion of the orientation facility; at least partially aligning at
least a portion of the liquid crystal material with at least a portion of the orientation
facility; at least partially setting af least a portion of the liguid crystal material and at least
partially setting at least a portion of the polymerizable composition.

[0014] Other non-limiting embodiments disclosed herein provide optical elements
comprising an alignment facility for an optical dye. For example, one non-limiting
embodiment provides an ophthalmic element comprising an ophthalmic substrate; and
an alignment facility for an optical dye connected to at least a portion of an ophthalmic
substrate, the alignment facility comprising at least one at least partial coating
comprising an at least partially ordered liquid crystal material having at least a first

general direction.
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[0015] Another non-limiting embodiment provides an optical element comprising an
optical substrate; and an alignment facility for an optical dye connected to at least a
portion of an optical substrate, the alignment facility comprising an at least partial coating
having a thickness greater than 6 microns and comprising an at least partially ordered
liquid crystal material having at least a first general direction of an optical element.
[0016] Still another non-limiting embodiment provides an alignment facility for an
optical dye comprising an at least partial coating comprising a matrix phase comprising a
liquid crystal material that is at least partially ordered in at least a first general direction;
and a guest phase comprising a liquid crystal material having at least a second general
direction distributed within the matrix phase, wherein at least the second general
direction is generally parallel to at least the first general direction.

[0017] Another non-limiting embodiment provides an optical element comprising an
optical substrate; and an alignment facility comprising an at least partial coating
connected to at least a portion of the optical substrate, the at least partial coating
comprising a matrix phase comprising a liquid crystal material that is at least partially
ordered in at least a first general direction, and a guest phase comprising a liquid crystal
material having at least a second general direction distributed within the matrix phase,
wherein at least the second general direction is generally parallel to at least the first
general direction.

[0048] Still another non-limiting embodiment provides an optical element comprising
an optical substrate; and an alignment facility for an optical dye connected fo at least a
portion of the optical substrate, the alignment facility comprising a sheet comprising an at
least partially ordered liquid crystal polymer having at least a first general direction; and
an at least partially ordered liquid crystal material having at least a second generai
direction distributed within at least a portion of the at least partially ordered liquid crystal
polymer, wherein at least the second general direction is generally parallel to at least the
first general direction.

10012] Yet another non-limiting erbodiment provides an optical element comprising
an oplical substrate; and an alignment facility for an optical dye connecied fo at least a
portion of the optical substrats, the alignment facility comprising an at lzasi pariial
coating comprising an interpenefrating polymer network comprising a polymer and an at
least partially ordered liquid crystal material having at least a first general direction.
[0020] Other non-limiting embodiments disclosed herein are directed to alignment
facilities for optical dyes. For example, one non-limiting embodiment provides an
alignment facility for an optical dye comprising an at least partial coating comprising a
matrix phase comprising a liquid crystal material that is at least partially ordered in at
least a first general direction; and a guest phase comprising a liquid crystal material



WO 2005/006034 PCT/US2004/016504

having at least a second general direction distributed within the matrix phase, wherein at
least the second general direction is generally parallel to at least the first general
direction.

[0021] Another non-limiting embodiment provides an alignment facility for an optical
dye comprising a sheet comprising an at least partially ordered liquid crystal polymer
having at least a first general direction; and an at least partially ordered liquid crystal
material having at least a second general direction distributed within at least a portion of
the at least partially ordered liquid crystal polymer, wherein at least the second general
direction is generally parallel to at least the first general direction.

[0022] Still another non-limiting embodiment provides an alignment facility for an
optical dye comprising an at least partial coating comprising interpenetrating polymer
network comprising a polymer and an at least partially ordered liquid crystal material
having at least a first general direction.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0023] Various non-limiting embodiments disclosed herein will be better understood
when read in conjunction with the drawings, in which:

Figs. 1 is a schematic, cross-sectional view of an overmolding assembly
according o one non-limiting embodiment disclosed herein;

Figs. 2 and 3 are schematic, cross-sectional views of an optical element
according to various non-limiting embodiments disclosed herein; and

Fig. 4 is a schematic, top-plane view of an alignment facility according to one
non-limiting embodiment disclosed herein.

DETAILED DESCRIPTION
[0024] As used in this specification and the appended claims, the articles "a," "an,"
and "iha" include plural referents unless expressly and unequivocally limited to one
referent.
[0025] Additionally, for the purposes of this specification, unless otherwise
indicated, all numbers expressing cuantities of ingredients, reaction condiiions, and
other properties or parameters used in the specification are to be undersiood as being
modified in all instances by the term “about.” Accordingly, unless otherwise indicated, it
should be understood that the numerical parameters set forth in the following
specification and attached claims are approximations. At the very least, and not as an
attempt to limit the application of the doctrine of equivalents to the scope of the claims,
numerical parameters should be read in light of the number of reported significant digits
and the application of ordinary rounding techniques.
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[0026] Further, while the numerical ranges and parameters setting forth the broad
scope of the invention are approximations as discussed above, the numerical values set
forth in the Examples section are reported as precisely as possible. It should be
understood, however, that such numerical values inherently contain certain errors
resulting from the measurement equipment and/or measurement technique.

[0027] Various non-limiting embodiments disclosed herein are directed toward
methods of making alignment facilities for optical dyes using one or more liquid crystal
materials. As used herein the term “optical dye” means a dye that can affect one or
more optical properties of an object to which it is connected. For example, although not
limiting herein, an optical dye can affect one or more of the color, polarization, UV-
absorption, and emission (e.g., fluorescence and phosphorescence) properties of the
coating or substrate to which it is connected. Optical dyes that are useful in conjunction
with the various non-limiting embodiments disclosed herein include a wide variety of
organic dyes, inorganic dyes, and mixtures thereof. Non-limiting examples of optical
dyes include fixed-tint dyes, as well as dichroic and/or photochromic dyes.

[0028] As used herein the term “alignment facility” means a structure that can
facilitate the positioning of one or more other structures or materials that are exposed,
directly or indirectly, to at least a portion of the facility. Thus, the alignment facilities
according to various non-limiting embodiments disclosed herein can be used to facilitate
the positioning of an optical dye. More specifically, the optical dye can be aligned by
direct and/or indirect interaction with the alignment facility. As used herein the term
“align” means bring into suitable arrangement or position by interaction with another
material, compound or structure. For example, although not limiting herein, the
alignment facilities according to various non-limiting embodiments disclosed herein can
directly facilitate the positioning of an optical dye that is in direct contact with the
alignment facility. Alternatively, the alignment facility can indirectly facilitate the
positioning of an optical dye by facilitating the positioning of another structure or
material, for example and without limitation, a coating of a liquid crystal material with
which the optlical dye is in contact.

[0029] While not limiting herein, the alignment facilities according o various non-
limiting embodiments disclosed herein can directly and/or indirectly facilitate the
positioning of an optical dye that is optically anisotropic. As used herein the term
“anisotropic” means having at least one property that differs in value when measured in
at least one different direction. Thus, optically anisotropic dyes have at least one optical
property that differs in value when measured in at least one different direction. One non-
limiting example of an optically anisotropic dye is a dichroic dye. As used herein the
term “dichroic” means capable absorbing one of two orthogonal plane polarized
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components of at least transmitted radiation more strongly than the other. As used
herein, the terms “linearly polarize” or “linearly polarization” mean to confine the
vibrations of the electric vector of light waves to one direction. Accordingly, dichroic dyes
are capable of absorbing one of two orthogonal plane polarized components of
transmitted radiation more strongly than the other, thereby resulting in linear polarization
of the transmitted radiation. However, while dichroic dyes are capable of preferentially
absorbing one of two orthogonal plane polarized components of transmitted radiation, if
the molecules of the dichroic dye are not aligned, no net linear polarization of transmitted
radiation will be achieved. That is, due to the random positioning of the molecules of the
dichroic dye, selective absorption by the individual molecules can cancel each other
such that no net or overall linear polarizing effect is achieved. Thus, it is generally
necessary to align the molecules of the dichroic dye in order to achieve a net linear
polarization. The alignment facilities according to various non-limiting embodiments
disclosed herein can be used to facilitate the positioning of an optically anisotropic dye,
such as a dichroic dye, thereby achieving a desired optical property or effect.

[0030] Further, various non-limiting embodiments disclosed herein provide methods
of making an alignment facility for an optical dye on at least a portion of an optical
substrate, such as, but not limited to, an ophthalmic substrate. As used herein the term
“optical” means pertaining to or associated with light and/or vision. As used herein the
term “ophthalmic” means pertaining to or associated with the eye and vision. Non-
limiting examples of optical substrates that can be used in conjunction with various non-
limiting embodiments disclosed herein include ophthalmic substrates, and substrates for
use in optical elements and devices. Examples of optical elements and devices include,
but are not limited to, ophthalmic optical displays, windows, and mirrors. As used herein
the term “display” means the visible or machine-readable representation of information in
words, numbers, symbols, designs or drawings. As used herein the term “window”
means an aperture adapied to permit the fransmission of radiation tharethrough. Non-
limiting examples of windows include automotive and aircraft fransparencies, filters,
shutters, and oplical switches. As used herein the term “mirror” means a surface that
specularly reflects a large fraction of incident light.

[0031] Non-limiting examples of ophthalmic elements include corrective and non-
corrective lenses, including single vision or multi-vision lenses, which may be either
segmented or non-segmented multi-vision lenses (such as, but not limited to, bifocal
lenses, trifocal lenses and progressive lenses), as well as other elements used to
correct, protect, or enhance (cosmetically or otherwise) vision, including without
limitation, contact lenses, intra-ocular lenses, magnifying lenses, and protective lenses
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or visors. Further non-limiting examples of ophthalmic substrates include lenses,
partially formed lenses, and lens blanks.

[0032] Non-limiting examples of organic materials suitable for use in forming
ophthalmic substrates according to various non-limiting embodiments disclosed herein
include, but are not limited to, the art-recognized polymers that are useful as ophthalmic
substrates, e.g., organic optical resins that are used to prepare optically clear castings
for optical applications, such as ophthalmic lenses. Specific, non-limiting examples of
organic materials that may be used to form the ophthalmic substrates disclosed herein
include polymeric materials, for examples, homopolymers and copolymers, prepared
from the monomers and mixtures of monomers disclosed in U.S. Patent 5,962,617 and
in U.S. Patent 5,658,501 from column 15, line 28 to column 16, line 17, the disclosures
of which U.S. patents are specifically incorporated herein by reference. For example,
such polymeric materials can be thermoplastic or thermoset polymeric materials, can be
transparent or optically clear, and can have any refractive index required. Non-limiting
examples of such disclosed monomers and polymers include: polyol(allyl carbonate)
monomers, e.g., allyl diglycol carbonates such as diethylene glycol bis(allyl carbonate),
which monomer is sold under the trademark CR-39 by PPG Industries, Inc.; polyurea-
polyurethane (polyurea urethane) polymers, which are prepared, for example, by the
reaction of a polyurethane prepolymer and a diamine curing agent, a composition of one
such polymer being sold under the trademark TRIVEX by PPG Industries, Inc.;
polyol(meth)acryloyl terminated carbonate monomer; diethylene glycol dimethacrylate
monomers; ethoxylated phenol methacrylate monomers; diisopropenyl benzene
monomers; ethoxylated trimethylol propane triacrylate monomers; ethylene glycol
bismethacrylate monomers; poly(ethylene glycol) bismethacrylate monomers; urethane
acrylate monomers; poly(ethoxylated bisphenol A dimethacrylate); poly(vinyl acetate);
poly(vinyl alcohol); poly(vinyl chloride); poly(vinylidene chloride); polyethylene;
polypropylens; polyurethanes; polythiourethanes; thermoplastic polycarbonates, such as
the carbonate-linked rasin derived from bisphenol A and phosgene, one such material
being sold under the trademark LEXAN; polyesters, such as the material sold under the
trademnark MYLAR; poly(ethylene ierephihalate); polyvinyl butyral; poly(methyl
methacrylate), such as the material sold under the trademark PLEXIGLAS, and polymers
prepared by reacting polyfunctional isocyanates with polythiols or polyepisulfide
monomers, either homopolymerized or co-and/or terpolymerized with polythiols,
polyisocyanates, polyisothiocyanates and optionally ethylenically unsaturated monomers
or halogenated aromatic-containing vinyl monomers. Also contemplated are copolymers
of such monomers and blends of the described polymers and copolymers with other
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polymers, for example, to form block copolymers or interpenetrating polymer network
products.

[0033] Still further, the substrates according to various non-limiting embodiments
disclosed herein can be untinted, tinted, linearly polarizing, photochromic, or tinted-
photochromic substrates. As used herein with reference to substrates the term
“untinted” means substrates that are essentially free of coloring agent additions (such as,
but not limited to, conventional dyes) and have an absorption spectrum for visible
radiation that does not vary significantly in response to actinic radiation. Further, as
used herein with reference to substrates, the term “tinted” means substrates that have a
coloring agent addition (such as, but not limited to, conventional dyes) and an absorption
spectrum for visible radiation that does not vary significantly in response to actinic
radiation. As used herein the term “linearly polarizing” with reference to substrates refers
to substrates that are adapted to linearly polarize radiation.

[0034] As used herein with the term “photochromic” with reference to substrates
refers to substrates having an absorption spectrum for visible radiation that varies in
response to at least actinic radiation. As used herein the term “actinic radiation” means
electromagnetic radiation that is capable of causing a response. Actinic radiation
includes, for example and without limitation, visible and ultraviolet radiation. Further, as
used herein with reference to substrates, the term “tinfed-photochromic” means
substrates confaining a coloring agent addition as well as a photochromic material, and
having an absorption spectrum for visible radiation that varies in response to at least
actinic radiation. Thus for example, in one non-limiting embodiment, the tinted-
photochromic substrate can have a first color characteristic of the coloring agent and a
second color characteristic of the combination of the coloring agent the photochromic
material when exposed to actinic radiation.

[0035] Various non-limiting embodiments of methods of making alignment facilities
for optical dyes will now be described. One non-limiting embodiment provides 2 mathod
of making an alignment facility for an optical dye on at least a portion of an ophthalmic
substrate, the method comprising forming a first at least partial coating comprising an af
least partially ordered liquid crystal material having at lzast a first general direction on at
least & portion of the ophthalmic subsirate, and thereafier forming at least one additional
at least partial coating comprising an at least partially ordered liquid crystal material on at
least a portion of the first at least partial coating. Further, according to this non-limiting
embodiment, the at least partially ordered portion of the liquid crystal material of the at
least one additional at least partial coating can have at least a second general direction
that is generally parallel to the first general direction of the first at least partial coating.

As previously discussed, as used herein with reference to order or alignment of a
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material or structure, the term “general direction” refers to the predominant arrangement
or orientation of the material, compound or structure. Further, it will be appreciated by
those skilled in the art that a material or a structure can have a general direction even
though there is some variation within the arrangement of the material or structure,
provided that the material or structure has at least one predominate arrangement.
Further, as used herein with reference to the general direction of the liquid crystal
materials, the terms “first” and “second” are not intended as ordinal numbers or to
indicate a chorological order, but instead are used for clarity in referring to various
general directions herein.

[0036] As discussed above, according to various non-limiting embodiments
disclosed herein, the at least partially ordered liquid crystal material of the first at least
partial coating can have at least a first general direction. That is, the at least partially
ordered liquid crystal material can have one predominate direction throughout the
material, or it can have different regions having different general directions. For
example, the at least partially ordered liquid crystal material of the first at least partial
coating can have a first region having a first general direction, and a second region
adjacent the first region having a second general direction that is different from the first
general direction. Further, the at least partially ordered liquid crystal material of the first
at least partial coating can have a plurality of regions, wherein each region has a general
direction that is the same or different from the remaining regions and that together form a
pattern or design. As discussed herein below in more detail, the at least one additional
at least partial coating can also have a plurality of regions having general directions that
are generally parallel fo the general directions of the first at least partial coating and that
together form essentially the same pattern or design as that of the first at least partial
coating.

[0027] As used herein the term “coating” means a supported film derived from a
flowable composition, which may or may not have a uniform thickness. Further, as used
herein the term coating specifically excludes polymeric sheets. As used herein the term
“sheet” means a pre-formed film having a generally uniform thickness and capable of
self-support. As used herein the term “on” means directly connecied to an object (such
as, but not limited to, a substrate or a coating) or indirectly connected to an object
through one or more other coatings, sheets or other structures.

[0038] More specifically, according to various non-limiting embodiments, forming the
first at least partial coating can comprise applying a liquid crystal material on at least a
portion of the ophthalmic substrate, at least partially ordering at least a portion of the
liquid crystal material such that the at least partially ordered portion of the liquid crystal

10
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material has at least a first general direction, and at least partially setting at least a
portion of the at least partially ordered liquid crystal material.

[0039] Suitable methods of applying liquid crystal materials to at least a portion of a
substrate according to various non-limiting embodiments disclosed herein include,
without limitation: spin coating, spray coating, spray and spin coating, curtain coating,
flow coating, dip coating, injection molding, casting, roll coating, wire coating, overlaying,
and combinations thereof. For example, although not limiting herein, in one specific non-
limiting embodiment, liquid crystal material of the first at least partial coating can be
applied to at least a portion of the ophthalmic substrate by spin coating, and thereafter at
least partially ordered.

[0040] As used herein the term “order” means bring into a suitable arrangement or
position, such as by aligning with another structure or material, or by some other force or
effect. Thus, as used herein the term “order’” encompasses both contact methods of
ordering a material, such as aligning with another structure or material, and non-contact
methods of ordering a material, such as by exposure to an external force or effect. The
term “order” also encompasses combinations of contact and non-contact methods.
[0041] Non-limiting examples of methods of at least partially ordering liquid crystal
materials according to various non-limiting embodiments disclosed herein include
exposing the at least a portion of the liquid crystal material to at least one of: a magnetic
field, an electric field, linearly polarized infrared radiation, linearly polarized ultraviolet
radiation, linearly polarized visible radiation and a shear force. In addition to the
aforementioned methods of at least partially ordering a liquid crystal material, as
discussed in more detail below, the liquid crystal materials according to various non-
limiting embodiments disclosed herein can be at least partially ordered by aligning the at
least a portion of the liquid crystal material with another material or structure, such as an
orientation facility.

10042] In one non-limiting embodiment, the liquid crystal material of the first at least
partial coating is at least partially ordered by exposing at least a portion of the liquid
crystal material to a shear force. For example, although not limiting herein, according to
this non-limiting embodiment an optical or ophthalmic substrate with the liquid crystal
material on at least a portion of its surface can be placed in a cenirifuge and the
centrifuge can be rotated such that the substrate traverses the perimeter of the
centrifuge and that the liquid crystal material flows relative to the surface of the
substrate.

[0043) Additionally, according to various non-limiting embodiments disclosed herein,
at least partizlly ordering at least a portion of the liquid crystal material of the first af least

partial coating can occur at essentially the same time as applying the liquid crystal
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material to at least portion of the substrate, or it can occur after applying the liquid crystal
material to the substrate. For example, in one non-limiting embodiment wherein applying
the liquid crystal material and at least partially ordering at least a portion of the liquid
crystal material occur at essentially the same time, the liquid crystal material can be
applied to at least a portion of at least one surface of the ophthalmic substrate using an
application technique that can introduce a shear force to at least a portion of the liquid
crystal material, thereby ordering the long axis of the molecules of the liquid crystal
material in a general direction that is generally parallel to the direction of the shear force
during application. For example, although not limiting herein, the liquid crystal material
of the first at least partial coating can be curtain coated onto at least a portion of at least
one surface of the ophthalmic substrate such that a shear force are introduced to the
liquid crystal material due to the relative movement of the surface of the ophthalmic
substrate with respect to the liquid crystal material being applied. The shear force can
cause at least a portion of the molecules of the liquid crystal material to be ordered such
that the long axis of the liquid crystal molecules have a general direction that is generally
parallel to the direction of the movement of the ophthalmic substrate.

[0044] In another non-limiting embodiment wherein applying the liquid crystal
material of the first at least partial coating occurs before at least partially ordering at least
a portion of the liquid crystal material, the liquid crystal material can be applied, for
example, by spin coating, and, thereafter, the liquid crystal material can be at least
partially ordered. For example the liquid crystal material can be at least partially ordered
by exposing at least a portion of the liquid crystal material to a magnetic field, an electric
field, linearly polarized infrared radiation, linearly polarized ultraviolet radiation, linearly
polarized visible radiation and/or a shear force. Additionally or alternatively, at least a
portion of the liquid crystal material can be at least partially ordered by alignment with at
least a portion of an orientation facility, as discussed in more detail herein below.

[0045] As discussed above, after ai least @ portion of the liquid crystal materizl of
the first at least partial coating is at least partially ordered, the at least pariially ordered
liquid crystal maierial is at least partially set. As used herein the term “set” means to fix
the liquid crystal material in 2 desired orientation. Non-limiting examples of methods of
at least partially setting liguid crystal materials include at least partially drying a solvent
from the liquid crystal material, and at least partially curing the liquid crystal material, for
example by at least partially cross-linking the liquid crystal material and/or at least
partially polymerizing the liquid crystal material. Non-limiting methods of at least partially
polymerizing a liquid crystal material include photo-induced polymerization, thermally-

induced polymerization, and combinations thereof. Further, photo-induced
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polymerization includes, but is not limited to, polymerization induced by ultraviolet light,
polymerization induced by visible light, and combinations thereof.

[0046] Generally the thickness of the first at least partial coating can be any
thickness necessary to achieve the total desired thickness of the alignment facility when
added together with the thickness of the additional at least partial coating(s), which are
described below in more detail. For example and without limitation, according to various
non-limiting embodiments, the first at least partial coating can have a thickness ranging
from: 0.5 to 20 microns, 0.5 to 10 microns, and 2 to 8 microns. Further, although not
limiting herein, according to certain non-limiting embodiments, the thickness of the first at
least partial coating can be less than that of the at least one additional at least partial
coating.

[0047] As discussed above, according to various non-limiting embodiments
disclosed herein, after forming the first at least partial coating, at least one additional at
least partial coating comprising a liquid crystal material is formed on at least a portion of
the first at least partial coating. More particularly, according to various non-limiting
embodiments disclosed herein, forming the at least one additional at least partial coating
can comprise applying a liquid crystal material to at least a portion of the first at least
partial coating; at least partially ordering at least a portion of the liquid crystal material
such that the at least partially ordered portion of the liquid crystal material has at least a
second general direction that is generally parallel to at least the first general direction of
the liquid crystal material of the first at least partial coating; and at least partially setting
at least a portion of the liquid crystal material. Non-limiting methods of applying and at
jeast partially setting the liquid crystal material of the at least one additional at least
partial coating are set forth above in detail with respect to the first at least partial coating.
[0048] As previously discussed, liquid crystal materials are generally capable of
being aligned with one or more other structures or materials such that the long axis of
the molecules of the liguid crysizl material take on a general dirsction that is generailly
parallel to the general direction of the structure with which the molecules are aligned.
More specifically, although net limiting herein, according various non-limiting
embodiments disclosed herein, the liguid crystal material of the at least one additional at
lzast partial coating can be at least partially ordered by aligning at least a portion of the
liquid crystal material with at least a portion of the at least partially ordered liquid crystal
material of the first at least partial coating such that the long axis of the molecules of the
liquid crystal material of the at least one additional at least partial coating are generally
parallel to at least the first general direction of the at least partially ordered liquid crystal
material of the first at least partial coating. Thus, in this manner, the general direction of
the liquid crystal material of the first at least partial coating can be transferred to the

13



WO 2005/006034 PCT/US2004/016504

liquid crystal material of the at least one additional at least partially coating. Further, if
the liquid crystal material of the first at least partial coating comprises a plurality of
regions having general directions thét together form a design or pattern (as previously
described), that design or pattern can be transferred to the liquid crystal material of the
at least one additional at least partial coating by aligning the liquid crystal material of the
at least one additional at least partial coating with liquid crystal material of the first at
least partial coating. Additionally, although not required, according to various non-
limiting embodiments disclosed herein the at least one additional at least partial coating
can be exposed to at least one of: a magnetic field, an electric field, linearly polarized
infrared radiation, linearly polarized ultraviolet radiation, and linearly polarized visible
radiation while being at least partially aligned with at least a portion of the liquid crystal
material of the first at least partial coating.

[0049] As discussed above with respect to the first at least partial coating, according
to various non-limiting embodiments, the at least one additional at least partial coating
can have any thickness necessary to achieve the desired overall thickness of the
alignment facility. Thus, for example and without limitation, according to various non-
limiting embodiments disclosed herein, the at least one additional at least partial coating
can have a thickness ranging from 1 micron to 25 microns, and can further have a
thickness ranging from 5 microns to 20 microns. According to still another non-limiting
embodiment, at least one additional at least partial coating can have a thickness greater
than 6 microns, and can further have a thickness of at least 10 microns.

[0050] As previously discussed, the time required to fully align thick layer of a liquid
crystal material with an oriented surface can be substantial. Further, in some instances,
only a portion of the liquid crystal material immediately adjacent oriented surface may be
aligned. Thus, according to various non-limiting embodiments wherein thicker alignment
facilities are desired, the alignment facilities can comprise a plurality of additional at least
partial coatings, each having an independently selected thickness that, when added
together with the thickness of the first at least partial coating, form an alignment facility
having the desired overall thickness. More specifically, according to various non-limiting
embodiments disclosed herein, the method of forming the alignment Tacility can
comprise forming a first at least partial coating comprising a liquid crystal maierial (as
previously described), and thereafter successively forming a plurality of additional at
least partial coatings. That is, after forming the first at least partial coating, a plurality of
additional at least partial coatings can be formed by successively applying a liquid crystal
material to at least a portion of a preceding coating, at least partially ordering at least a
portion of the liquid crystal material such that the at least partially ordered portion of the
liquid crystal material has at least one general direction that is generally parallel to a
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general direction of the preceding coating, and at least partially setting at least a portion
of the liquid crystal material. Further, each of the at least partial coatings can have an
independently selected thickness. For example and without limitation, each of the
additional at least partial coatings can have a thickness ranging from 1 micron to 25
microns, and can further have a thickness ranging from 5 microns to 20 microns.
According to another non-limiting embodiment, each of the additional at least partial
coatings can have a thickness greater than 6 microns, and can further have a thickness
of at least 10 microns.

[0051] According to one non-limiting embodiment, forming a plurality of additional at
least partial coatings can comprise successively forming at least two additional at least
partial coatings. In another non-limiting embodiment, forming a plurality of additional at
least partial coatings can comprises successively forming at least three additional at
least partial coatings. Although according to these non-limiting embodiments each of the
plurality of additional at least partial coatings is formed in succession, according to
various non-limiting embodiments, the time required to successively form the plurality of
coatings can be less than the time required to apply and align a single coating of the
same liquid crystal material having the same thickness as the plurality of coatings.
[0052] Further, as discussed above, it is possible to ‘transfer’ a general direction (or
plurality of general directions that can together form a pattern or design) from one
coating to the next by at least partially aligning each successive coating with at least a
portion of the immediately preceding coating. For example, although not limiting herein,
if the first at least partial coating comprises a plurality of regions having a plurality of
general directions that together form a design, that design can be transferred to the at
least one additional coating by alignment of the at least one additional at least partial
coating with the first at least partial coating as discussed above. Further, where the
alignment facility comprises a plurality of additional at least partial coatings, the design
can be fransferred io each of the additional at least partial coatings by successively
aligning each coating with the preceding coating.

[0053] As previously discussed, ihe thickness of"th@ first at least partial coating and
the thickness and number of additional at least partial coatings, can be chosen so as fo
achieve the desired overall thickness of the alignment facility. Although not limiting
herein, according to one non-limiting embodiment, the sum of the thickness of the first at
least partial coating and the thickness of the at least one additional at least partial
coating can range from 10 microns to 50 microns. According to another non-limiting
embodiment, the sum of the thickness of the first at least partial coating and the at least

one additional at least partial coating can range from 20 microns to 40 microns.
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According to still another non-limiting embodiment, this sum can be greater than 20
microns, and further can be at least 22 microns.

[0054] Another non-limiting embodiment provides a method of making an alignment
facility for an optical dye on at least a portion of an optical substrate, the method
comprising forming a first at least partial coating comprising an at least partially ordered
liquid crystal material having at least a first general direction on at least a portion of the
optical substrate, and forming at least one additional at least partial coating comprising
an at least partially ordered liquid crystal material having at least a second general
direction that is generally parallel to at least the first general direction of the liquid crystal
material of the first at least partial coating on at least a portion of the first at least partial
coating; wherein a sum of a thickness of the first at least partial coating and a thickness
of the at least one additional at least partial coating is greater than 20 microns.

[0055] Still another non-limiting embodiment provides a method of making an
alignment facility for an optical dye on at least a portion of an optical substrate, the
method comprising forming an at least partial coating comprising an at least partially
ordered liquid crystal material having at least a first general direction on at least a portion
of the optical substrate, the at least partial coating having a thickness of at least 6
microns. According to this non-limiting embodiment, forming the at least partial coating
can comprise applying a liquid crystal material to at least a portion of the optical
substrate such that the liquid crystal material has a thickness of greater than 6 microns,
at least partially ordering at least a portion of the liquid crystal material such that at least
a portion of the at least partially ordered liquid crystal material has at least a first general
direction, and at least partially setting at least a portion of the at least partially ordered
liquid crystal material. Although not limiting herein, according to this non-limiting
embodiment, the at least partial coating can have thickness of at least 10 microns, and
further can have a thickness ranging from 50 to 1000 microns.

[0056] As previous mentionad, ordering a liguid crystal material by aligning the liguid
crystal material with another structure having an oriented surface can take a substantial
amount of time and/or can result in alignment of only certain portions of the liquid crystal
maierial adjacent the orienied surface. However, the inveniors have observed ithat by
using certain non-contact methods of ordering, or combinations of coniact and non-
contact methods of ordering, faster and/or more complete ordering liquid crystal
materials can result. Thus, according to the above-mentioned non-limiting embodiment,
although not required, at least partially ordering at least a portion of the liquid crystal
material can comprise at least one of exposing at least a portion of the liquid crystal
material to a magnetic field or an electric field. Additionally, according to this non-limiting
embodiment, ordering at least a portion of the liquid crystal material can comprise
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exposing at least a portion of the liquid crystal material to a magnetic field or an electric
field while aligning the at least a portion of the liquid crystal material with another
structure, such as, but not limited to a coating of an least partially ordered liquid crystal
material or an orientation facility. Non-limiting examples of orientation facilities are
described below in more detail.

[0057] For example, according to one specific non-limiting embodiment forming the
at least partial coating can comprise applying a solution or mixture of a liquid crystal
polymer in a solvent or carrier to at least a portion of the optical substrate such that the
liquid crystal polymer has a thickness of greater than 6 microns. Thereafter, according
to this non-limiting embodiment, at least a portion of the liquid crystal polymer can be at
least partially ordered by exposing the at least a portion of the liquid crystal polymer to at
least one of a magnetic field and an electric field. Further, at least a portion of the liquid
crystal polymer can be at least partially ordered by exposing the portion to at least one of
a magnetic field and an electric field while aligning the at least a portion with another
structure. After at least partially ordering at least a portion of the liquid crystal polymer,
at least a portion of the liquid crystal polymer can be at least partially setting, for example
by drying at least a portion of the liquid crystai polymer as discussed above.

[0058] Referring now to Fig. 1, one non-limiting embodiment provides a method of
making an alignment facility comprising an at least partial coating comprising an at least
partially ordered liquid crystal material having at least a first general direction on at least
a portion of an optical substrate by placing at least portion of a surface 10 of an optical
substrate 12 adjacent a surface 14 of a transparent mold 16 to define a molding region
17. The surface 14 of transparent mold 16 can be concave or spherically negative, or it
can have any other configuration as desired or required. Further, although not required,
a gasket or spacer 15 can be placed between optical substrate 12 and transparent mold
16 to provide a desired offset and/or contain the liquid crystal material. After positioning
the optical subsirsie 12, a liquid crystal materizl 18 czn be infroducad into the molding
region 17 defined by the surface 10 of the optical substrate 12 and the surfzce 94 of the
transparent mold 1%, such thai at least a portion of the liquid crystal material 18 is
caused fo flow therebetween. Thereafter, at least a portion of the liGuid crystal material
18 can be at least partially ordered, for example, by exposura o an electric field, a
magnetic field, linearly polarized infrared radiation, linearly polarized uliraviolet radiation,
and/or linearly polarized visible radiation and at least partially polymerized. After
polymerization, the optical substrate with the at least partial coating of an at least
partially ordered liquid crystal material connected to at least a portion of a surface thereof
can be released from the mold.
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[0059] Alternatively, the liquid crystal material 18 can be introduced onto surface 14
of transparent mold 16 prior to placing at least a portion of surface 10 of the optical
substrate 12 adjacent thereto such that at least a portion of surface 10 contacts at least a
portion of the liquid crystal material 18, thereby causing the liquid crystal material 18 to
flow between surface 10 and surface 14. Thereafter, the liquid crystal material 18 can be
at least partially ordered and polymerized as discussed above. After polymerization, the
optical substrate 12 with the at least partial coating of liquid crystal material 18
connected thereto can be released from the mold.

[0060] Although not shown in Fig. 1, additionally or alternatively, an orientation
facility having at least a first general direction can be imparted onto at least a portion of
the surface of the transparent mold prior to introducing the liquid crystal material into the
mold and/or onto at least a portion of the surface of the optical substrate prior to
contacting the surface of the optical substrate with the liquid crystal material. Further,
according to this non-limiting embodiment, at least partially ordering at least a portion of
the liquid crystal material can comprise at least partially aligning at least a portion of the
liquid crystal material with at least a portion of the orientation facility on the surface of the
mold and/or at least a portion of the orientation facility on the surface of the optical
substrate. Additionally, as discussed above, at least a portion of the liquid crystal
material of the at least partial coating can be exposed fo a magnetic field, an electric
field, linearly polarized infrared radiation, linearly polarized ultraviolet radiation and/or
linearly polarized visible radiation during alignment to facilitate the processes.

[0061] Although not limiting herein, it is contemplated that the aforementioned
overmolding methods of making at least partial coatings can be particularly useful in
forming coatings on multi-focal ophthalmic lenses, or for forming at least partial coatings
for other applications where relatively thick alignment facilities are desired.

[0062] Non-limiting examples of liguid crystal materials suitable for use in the
alighment fzcilities according to various non-limiting embodimenis disclosad herein
include liquid crysial polymers, liquid crystal pre-polymers, liguid crystal monomers, and
liquid crystal mesogens. For example, according to one non-limiting embodiment, the
liguid crystal materizls of the first at least pariial coating and the at least one additional at
least partial cozting can be independently chosen from liquid crystal polymers, liguid
crystal pre-polymers, liquid crystal monomers, and liquid crystal mesogens. As used
herein the term “pre-polymer” means partially polymerized materials.

[0063] Liquid crystal monomers that are suitable for use in conjunction with various
non-limiting embodiments disclosed herein include mono- as well as multi-functional
liquid crystal monormers. Further, according to various non-limiting embodiments
disclosed herein, the liquid crystal monomer can be a cross-linkable liquid crystal
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monomer, and can further be a photocross-linkable liquid crystal monomer. As used
herein the term “photocross-linkable” means a material, such as a monomer, a pre-
polymer or a polymer, that can be cross-linked on exposure to actinic radiation. For
example, photocross-linkable liquid crystal monomers include those liquid crystal
monomers that are cross-linkable on exposure to ultraviolet radiation and/or visible
radiation, either with or without the use of polymerization initiators.

[0064] Non-limiting examples of cross-linkable liquid crystal monomers suitable for
use in accordance with various non-limiting embodiments disclosed herein include liquid
crystal monomers having functional groups chosen from acrylates, methacrylates, allyl,
allyl ethers, alkynes, amino, anhydrides, epoxides, hydroxides, isocyanates, blocked
isocyanates, siloxanes, thiocyanates, thiols, urea, vinyl, vinyl ethers and blends thereof.
Non-limiting examples of photocross-linkable liquid crystal monomers suitable for use in
the at least partial coatings of the alignment facilities according to various non-limiting
embodiments disclosed herein include liquid crystal monomers having functional groups
chosen from acrylates, methacrylates, alkynes, epoxides, thiols, and blends thereof.
[0065] Liquid crystal polymers and pre-polymers that are suitable for use in
conjunction with various non-limiting embodiments disclosed herein include main-chain
liquid crystal polymers and pre-polymers and side-chain liquid crystal polymers and pre-
polymers. In main-chain liquid crystal polymers and pre-polymers, rod- or disc-like
groups and/or liquid crystal mesogens are primarily located within polymer backbone. In
side-chain polymers and pre-polymers, the rod- or disc-like groups and/or liquid crystal
mesogens primarily are located within the side chains of the polymer. Additionally,
according to various non-limiting embodiments disclosed herein, the liquid crystal
polymer or pre-polymer can be cross-linkable, and further can be photocross-linkable.
[0066]) Non-limiting examples of liquid crystal polymers and pre-polymers that are
suitable for use in accordance with various non-limiting embodiments disclosed herein
include, but are not limited to, main-chain and side-chain polymers and pre-polymers
having functional groups chosen from acrylates, methacrylates, allyl, allyl ethers,
alkynes, amino, anhydrides, epoxides, hydroxides, isocyanates, blocked isocyanates,
siloxanes, thiocyanates, thiols, urea, vinyl, vinyl ethers, and blends thereof. Non-limiting
examples of photocross-linkable liquid crystal polymers and pre-polymers that are
suitable for use in the at least partial coatings of the alignment facilities according to
various non-limiting embodiments disclosed herein include those polymers and pre-
polymers having functional groups chosen from acrylates, methacrylates, alkynes,
epoxides, thiols, and blends thereof.

[0067] Liguid crystals mesogens that are suitable for use in conjunction with various
non-limiting embaodiments disclosed herein include thermotropic liquid crystal mesogens
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and lyotropic liquid crystal mesogens. Further, non-limiting examples of liquid crystal
mesogens that are suitable for use in conjunction with various non-limiting embodiments
disclosed herein include columatic (or rod-like) liquid crystal mesogens and discotic (or
disc-like) liquid crystal mesogens.

[0068] Further, although not limiting herein, the methods of making alignment
facilities according to various non-limiting embodiments disclosed herein can further
comprise forming an at least partial primer coating on at least a portion of the optical
substrate prior to applying any of the various at least partial coatings comprising a liquid
crystal material thereto to facilitate one or more of adhesion and wetting of at least a
portion of the optical substrate by the liquid crystal material. Non-limiting examples of
primer coatings that can be used in conjunction with various non-limiting embodiments
disclosed herein include coatings comprising coupling agents, at least partial
hydrolysates of coupling agents, and mixtures thereof. As used herein “coupling agent”
is means a material having at least one group capable of reacting, binding and/or
associating with a group on at least one surface. In one non-limiting embodiment, a
coupling agent can serve as a molecular bridge at the interface of at least two surfaces
that can be similar or dissimilar surfaces. Although not limiting herein, coupling agents,
can be monomers, oligomers, pre-polymers and/or polymers. Such materials include,
but are not limited to, organo-metallics such as silanes, titanates, zirconates, aluminates,
zirconium aluminates, hydrolysates thereof and mixtures thereof. As used herein the
phrase “at least partial hydrolysates of coupling agents” means that at least some to all
of the hydrolyzable groups on the coupling agent are hydrolyzed. In addition to coupling
agents and/or hydrolysates of coupling agents, the primer coatings can comprise other
adhesion enhancing ingredients. For example, although not limiting herein, the primer
coating can further comprise an adhesion-enhancing amount of an epoxy-containing
material. Adhesion-enhancing amounts of an epoxy-containing materials when added to
the coupling agent coniaining coating composition can improve ihe adhasion of a
subsequently applied coating as compared to a coupling agent containing coating
composition that is essentially free of the epoxy-containing material. Other non-limiting
examples of primer coalings that are suitable for use in conjunction with the various non-
limiting embodirnents disclosed hersin include those described U.S. Patent 6,602,603
and U.S. Patent 6,150,430, which are hereby specifically incorporated by reference.
Further, according to one non-limiting embodiment, the primer coating can serve as a
barrier coating to prevent interaction of the coating ingredients with the substrate surface
and vice versa.

[0062] Another non-limiting embodiment of a method of making an alignment facility
for an optical dye on at least a portion of an ophthalmic substrate comprises imparting an
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orientation facility having at least one general direction to at least portion of the
ophthalmic substrate, forming a first at least partial coating comprising an at least
partially ordered liquid crystal material having at least a first general direction that is
generally parallel to at least one general direction of the orientation facility on at least a
portion of the orientation facility, and thereafter forming at least one additional at least
partial coating comprising an at least partiaily ordered crystal material having at least a
second general direction that is generally parallel to at least the first general direction of
the first at least partial coating on at least a portion of the first at least partial coating.
Suitable non-limiting methods of forming at least partial coating comprising a liquid
crystal material, as well as suitable non-limiting examples of liquid crystal materials that
can be used to form such coatings, are set forth above.

[0070] As used herein the term “orientation facility” means a mechanism that can
facilitate the positioning of one or more other structures that are exposed, directly and/or
indirectly, to at least a portion of the orientation facility. Although not required, as
discussed above with respect to the various at least partial coatings comprising liquid
crystal materials, the orientation facilities according to various non-limiting embodiments
disclosed herein can comprise a first ordered region having a first general direction and
at least one second ordered region adjacent the first ordered region having an second
general direction that is different from the first general direction. Further, the orientation
facilities can have a plurality of regions, each of which has a general direction that is the
same or different from the remaining regions, so as to form a desired pattern or design.
Additionally, the orientation faciiities can comprise one or more different types of
orientation facilities.

[0071] Non-limiting examples of orientation facilities that can be used in conjunction
with various other non-limiting embodiments disclosed herein include at least partial
coatings comprising an at least partially ordered alignment medium, at least partially
ordered polymer sheeis, at least partially treaied surfaces, Langmuir-Blodgett films, and
combinations ihereof.

[0072] For example, although not limiting herein, according to various non-limiting
embodiments wherein the orientation facility comprises an at least partial coating
comprising an at least partially ordered alignment medium, imparting the orientation
facility can comprise applying an alignment medium to at least a portion of the optical
substrate and at least partially ordering the alignment medium. Non-limiting methods of
ordering at least a portion of the alignment medium include those methods of ordering
the at least partial coating comprising a liquid crystal material described above. For
example, although not limiting herein, in one non-limiting embodiment, the alignment
medium can be at least partially ordered by exposure to at least one of: a magnetic field,
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an electric field, linearly polarized infrared radiation, linearly polarized ultraviolet
radiation, linearly polarized visible radiation and a shear force. Additionally, when the
alignment medium is a photo-orientation material (discussed below), the alignment
medium can be ordered using linearly polarized ultraviolet radiation. Non-limiting
examples of suitable alignment media that can be used in conjunction with various non-
limiting embodiments disclosed herein include photo-orientation materials, and rubbed-
orientation materials.

[0073] Non-limiting examples of photo-orientation materials that are suitable for use
as an alignment medium in conjunction with various non-limiting embodiments disclosed
include photo-orientable polymer networks. Specific, non-limiting examples of suitable
photo-orientable polymer networks include azobenzene derivatives, cinnamic acid
derivatives, coumarine derivatives, ferulic acid derivatives, and polyimides. For example,
according one non-limiting embodiment, the orientation facility can comprise at least one
at least partial coating comprising an at least partially ordered photo-orientable polymer
network chosen from azobenzene derivatives, cinnamic acid derivatives, coumarine
derivatives, ferulic acid derivatives, and polyimides. Specific non-limiting examples of
cinnamic acid derivatives that can be used as an alignment medium in conjunction with
various non-limiting embodiments disclosed herein include polyvinyl cinnamate and
polyvinyl esters of paramethoxycinnarnic acid.

[0074] As used herein the term “rubbed-orientation material” means a material that
can be at least partially ordered by rubbing at least a portion of a surface of the material
with another suitably textured material. For example, although not limiting herein, in one
non-limiting embodiment, the rubbed-orientation material can be rubbed with a suitably
textured cloth or a velvet brush. Non-limiting examples of rubbed-orientation materials
that are suitable for use as an alignment medium in conjunction with various non-limiting
embodiments disclosed herein include (poly)imides, (poly)siloxanes, (poly)acrylates, and
(poly)cournarines. Thus, for example, alihough not limiting herein, in one non-limiting
embodiment, the at least partial coating comprising the alignment medium can be an at
least partial coating comprising a polyimide that has been rubbad with velvet or a cloth
50 as to at least partially order at least a portion of the surface of the polyimide.

[0075] Further, as discussed above, the orientation facilities according to certain
non-limiting embodiments disclosed herein can comprise an at least partially ordered
polymer sheet. For example, although not limiting herein, a sheet of polyvinyl aicohol
(“PVA") can be at least partially ordered by stretching the polymer sheet to at least, and
thereafter the sheet can be connected to at least a portion of a surface of the optical
substrate to form the orientation facility. Alternatively, the ordered polymer sheet can be
made by a method that at least partially orders the polymer chains during fabrication, for
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example and without limitation, by extrusion. Still further, the at least partially ordered
polymer sheet can be made using photo-orientation methods. For example and without
limitation, an sheet of a photo-orientation material can be formed, for example by cast,
and at least partially ordered by exposure to linearly polarized UV radiation.

[0076] Still further, the orientation facilities according to various non-limiting
embodiments disclosed herein can comprise an at least partially treated surface. As
used herein, the term “treated surface” refers to at least a portion of a surface that has
been physically altered to create at least one ordered region on least a portion of the
surface. Non-limiting examples of at least partiaily treated surfaces include at least
partially rubbed surfaces, at least partially etched surfaces, and at least partially
embossed surfaces. Further, the at least partially treated surfaces can be patterned, for
example using a photolithographic or interferographic process. Non-limiting examples of
at least partially treated surfaces that are useful in forming the orientation facilities
according to various non-limiting embodiments disclosed herein include, chemically
etched surfaces, plasma etched surfaces, nanoetched surfaces (such as surfaces
etched using a scanning tunneling microscope or an atomic force microscope), laser
etched surfaces, and electron-beam etched surfaces.

[0077] In one specific non-limiting embodiment, wherein the orientation facility
comprises an at least partially treated surface, imparting the orientation facility can
comprise depositing a metal salt (such as a metal oxide or metal fluoride) onto at least a
portion of a surface, and thereafter etching the deposit to form the orientation facility.
Non-limiting examples of suitable techniques for depositing a metal salt include plasma
vapor deposition, chemical vapor deposition, and sputtering. Non-limiting examples of
etching processes are set forth above.

[0078] As used herein the term “Langmuir-Blodgett films” means one or more at
least partially ordered molecular films on a surface. For example, although not limiting
harain, a Langmuir-Blodgeit film can be formed by dipping 2 subsirate into a liguid one or
more times so thati it is at least partially covered by a molecular film and then removing
the substrate from the liguid such that, due to the relative surface tensions of the liguid
and the substrate, the molecules of the molecular film are ai least partizlly ordered in a
general direction. As used herein, the term molecular film refers to monomolecular films
(i.e., monolayers) as well as films comprising more than one monolayer.

[0079]  Another non-limiting embodiment provides a method of making an alignment
facility for an optical dye on at least a portion of an optical substrate comprising forming
an at least partial coating comprising an at least partially ordered phase-separated
polymer on at least a portion of the optical substrate. According to this non-limiting
embodiment, forming the at least partial coating can comprise applying a phase-
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separating polymer system comprising a matrix phase forming material and a guest
phase forming material onto at least a portion of the optical substrate, and thereafter, at
least partially ordering at least a portion of the matrix phase forming material and at least
a portion of the guest phase forming material such that at least a portion of the matrix
phase forming material has at least a first general direction and at least a portion of the
guest phase forming material has at least a second general direction that is generally
parallel to at least the first general direction. After at least partially ordering, at least a
portion of the guest phase forming material can be separated from at least a portion of
the matrix phase forming material by at least one of polymerization induced phase-
separation and solvent induced phase-separation to form a matrix phase and a guest
phase.

[0080] According to various non-limiting embodiments disclosed herein, the matrix
phase forming material can comprise a liquid crystal material chosen from liquid crystal
monomers, liquid crystal pre-polymers, and liquid crystal polymers. Further, according to
various non-limiting embodiments, the guest phase forming material can comprise a
liquid crystal material chosen from liquid crystal mesogens, liquid crystal monomers, and
liquid crystal polymers and pre-polymers. Non-limiting examples of such materials are
set forth in detail above.

[0081] Non-limiting methods of at least partially ordering at least a portion of the of
the matrix phase forming material and at least a portion of the guest phase forming
material of the phase-separating polymer system include those set forth above for
ordering liquid crystal materials. For example, although not limiting herein, at least
partially ordering at least a portion of the matrix phase forming material and at least a
portion of the guest phase forming material can comprise exposing the portions to at
least one of: a magnetic field, an electric field, linearly polarized infrared radiation,
linearly polarized ultraviolet radiation, linearly polarized visible radiation and a shear
force. Furiher, at lzasi partially ordering the portions can comprise at least partially
aligning the portions with an orientiation facility, as described in more detail below.
[0082] As praviously discussed, after ai least partially ordering at least a portion of
the matrix phase forming material 2nd the guest phase forming maierial, at least a
portion of the guest phase forming material can be separated from at least a portion of
the matrix phase forming material by at least one of polymerization induced phase
separation and solvent induced phase separation. For clarity the separation of the
matrix and guest phase forming materials is described herein in relation to the guest
phase forming material being separated from the matrix phase forming material,
howaver, it should be appreciated that this language is infended to cover any separation

between the two phase forming materials. That is, this language is intended to cover
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separation of the guest phase forming material from the matrix phase forming material
and separation of the matrix phase forming material from the guest phase forming
material, as well as, simultaneous separation of both phase forming materials, or any
combination thereof. Although not limiting herein, it is generally believed that during
phase separation, the components of the phase-separating system (i.e., the matrix and
guest phase forming materials) will separate from each other by first forming a gel of
nanoscale (that is, nanometer sized) zones of each phase forming material. These
zones will subsequently coalesce into distinct phase regions.

[0083] In one specific non-limiting embodiment, the phase-separating polymer
system can comprise a mixture of a matrix phase forming material comprising a liquid
crystal monomer and a guest phase forming material comprising at least one liquid
crystal mesogen. According to this non-limiting embodiment, causing a least a portion of
the guest phase forming material to separate from at least a portion of the matrix phase
forming material can comprise polymerization induced phase-separation. That is, at
least a portion of the liquid crystal monomer of the matrix phase can be polymerized and
thereby separated from at least a portion of the at least one liquid crystal mesogen of the
guest phase forming material. Non-limiting methods of polymerization that can be used
in conjunction with various non-limiting embodiments disclosed herein include photo-
induced polymerization and thermally-induced polymerization.

[0084] In another specific non-limiting embodiment, the phase-separating polymer
system can comprise a mixture of a matrix phase forming material comprising a liquid
crystal monomer and a guest phase forming material comprising a low viscosity liquid
crystal monomer having a different functionality from the liquid crystal monomer of the
matrix phase. As used herein, the term “low viscosity liquid crystal monomer,” refers to a
liquid crystal monomer mixture or solution that is freely flowing at room temperature.
According to this non-limiting embodiment, causing a least a portion of the guest phase
forming material to separate from at least a portion of the mairix phase forming maierial
can comprise polymerization induced phase-separation. That is, at least a portion of the
liquid crystal monomer of the matrix phase can be polymerized under conditions that do
not cause the liquid crystal monomer of the guest phase to polymerize. During
polymerization of the matrix phase forming material, the guest phase forming material
will separate from the matrix phase forming material. Thereafter, the liquid crystal
monomer of the guest phase forming material can be polymerized in a separate
polymerization process.

[0085] In another specific non-limiting embodiment, the phase-separating polymer
system can comprise a solution, in at least one commeon solvent, of a matrix phase
forming material comprising a liquid crystal polymer and a guest phase forming material
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comprising a liquid crystal polymer that is different from the liquid crystal polymer of the
matrix phase forming material. According to this non-limiting embodiment, causing at
least a portion of the guest phase forming material to separate from the matrix phase
forming material can comprise solvent induced phase-separation. That is, at least a
portion of the at least one common solvent can be evaporated from the mixture of liquid
crystal polymers, thereby causing tHe two phases to separate from each other.

[0086] Another non-limiting embodiment provides a method of making an alignment
facility for an optical dye on at least a portion of an optical substrate comprising imparting
an orientation facility to at least a portion of the optical substrate and forming an at least
partial coating comprising an at least partially ordered phase-separated polymer on at
least a portion of the orientation facility. According to this non-limiting embodiment, a
phase-separating polymer system comprising a matrix phase forming material
comprising a liquid crystal material and a guest phase forming material comprising a
liquid crystal material can be applied on at least a portion of the orientation facility.
Thereafter, at least a portion of the matrix phase forming material and at least a portion
of the guest phase forming material of the phase-separating polymer system can be at
least partially ordered such that the at least partially ordered portion of the matrix phase
forming material has at least a first general direction and the at least partially ordered
portion of the guest phase forming material has at least & second general direction that
is generally parallel to at least the first general direction. After at least partially ordering
at least a portion of the matrix phase forming material and the guest phase forming
material, at least a portion of the guest phase forming material is separated from at least
a portion of the matrix phase forming material by at least one of polymerization induced
phase- separation and solvent induced phase-separation.

[0087] Further, according to this non-limiting embodiment, at least partially ordering
at least a portion of the matrix phase forming material and at least a portion of the guest
phase forming maierial can comprise aligning the portions with at least a portion of the
orientation facility. Further, although not required, at least a portion of the matrix phase
forming material 2nd the at least a portion of the guest phasa forming material can be
exposed fo at least one of: a magnetic field, an eleciric field, linearly polarized infrared
radiation, linearly polarized ultraviolet radiation, linearly polarized visible radiation and a
shear force to at least partially order the portion, either alone or in combination with
aligning the portion with the orientation facility. Non-limiting methods of imparting the
orientation facility, as well as suitable non-limiting methods and materials for forming the
at least partial coating comprising the phase-separated polymer are set forth above in
detail.
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[0088] Generally speaking, the thickness of the at least partial coating comprising
the at least partially ordered phase-separated polymer of the alignment facilities
according to various non-limiting embodiments disclosed herein can be chosen so as to
achieve the desired overall thickness of the alignment facility. For example and without
limitation, according to various non-limiting embodiments, the thickness of the at least
partial coating comprising the phase-separated polymer can range from: 1 micron to 100
microns, from 10 microns to 50 microns, and from 20 microns to 40 microns.

[0089] As previously discussed, generally, the time required to align a liquid crystal
material will depend, in part, upon the thickness of the liquid crystal material. However,
by forming an at least partial coating comprising a phase-separated polymer according to
various non-limiting embodiments disclosed herein, the time required to align the liquid
crystal materials of the phase-separating polymer system can be reduced as compared
to the time required to align a single-phase coating of a liquid crystal material having the
same thickness. For example, in one non-limiting embodiment, an least partial coating
comprising a phase-separated polymer and having a thickness ranging from 15 to 20
microns can be formed on at least a portion of a orientation facility comprising an at least
partially ordered photo-orientation material. Further, according to this non-limiting
embodiment, at least partially aligning at least a portion of the matrix phase and at least
a portion of the guest phase of the phase-separating polymer system can comprise
waiting less than 30 minutes.

[0090] Anather non-limiting embodiment provides a method of making an alignment
facility for an optical dye, the method comprising forming a sheet comprising (i) an at
least partially ordered liquid crystal polymer having at least a first general direction, and
(i) an at ieast partially ordered liquid crystal material distributed within at least a portion
of the at least partially ordered liquid crystal polymer. Further, according to this non-
limiting embodiment, the at least partially ordered liquid crystal material distributed within
the at lzast a portion of the at least pariially ordered liquid crysial polymer can have at
least a second general direction that is generally parallel to at least the first general
direction of the liquid crystal polymer.

[0021] For example, although not limiting herein, according io one non-limiting
embodiment, forming the sheet comprising the at least partially ordered liquid crystal
polymer and the at least partially ordered liquid crystal material distributed within at least
a portion the at least partially ordered liquid crystal polymer can comprise applying a
phase-separating polymer system comprising a matrix phase forming material
comprising a liquid crystal material and a guest phase forming material comprising a
liquid crystal material on to at least a portion a substrate. Thereafter, at least a portion of

the matrix phase forming material and at least a portion of the guest phase forming

27



WO 2005/006034 PCT/US2004/016504

material can be at least partially ordered. After at least partially ordering at least a
portion of the phase forming materials, at least a portion of the guest phase forming
material can be separated from at least a portion of the matrix phase forming material by
at least one of polymerization induced phase-separation and solvent induced phase-
separation, and the at least partially ordered, phase-separated polymer coating can be
removed from the substrate to form the sheet.

[0092] According to another non-limiting embodiment, forming the sheet comprising
the at least partially ordered liquid crystal polymer matrix and the at least partially
ordered liquid crystal material distributed within at least a portion the at least partially
ordered liquid crystal polymer matrix can comprise forming an at least partially ordered
liquid crystal polymer sheet, and imbibing at least one liquid crystal mesogen into at least
a portion of the at least partially ordered liquid crystal polymer sheet. For example,
according to this non-limiting embodiment, a sheet comprising a liquid crystal polymer
can be formed and at least partially ordered by a method of forming a polymer sheet that
can at least partially order the liquid crystal polymer during formation, for example, by
extrusion. Alternatively, a liquid crystal polymer can be cast onto a substrate and at
least partially ordered by one of the non-limiting methods of at least partially ordering
liquid crystal materials set forth above. For example, although not limiting herein, at
least a portion of the liquid crystal material can be exposed to a magnetic or an electric
field. After being at least partially ordered, the liquid crystal polymer can be at least
partially set and removed from the subsirate to form a sheet comprising an at least
partially ordered liquid crystal polymer matrix. Still further, a liquid crystal polymer sheet
can be cast, at least partially set, and subsequently stretched to form sheet comprising
an at least partially ordered liquid crystal polymer.

[0023] After forming the sheet comprising the at least partially ordered liquid crystal
polymer, at least one liquid crystal mesogen can be imbibed into at least a portion of the
liquid crystal polymer sheet. For example, although not limiting harein, liquid crystal
mesogens can be imbibad into at least a portion of the liguid crystal polymer by applying
a solution or mixture of the liquid crysial mesogens in a carrier to a portion of the liquid
crystal polymer and, thereafier, allowing the liguid crystal mesogens io diffuse inio the
liquid crystal polymer sheet, either with or without heating. Alternatively, the liquid
crystal polymer sheet can be immersed into a solution or mixture of the liquid crystal
mesogens in a carrier and the liquid crystal mesogens can be imbibed into the liquid
crystal polymer sheet by diffusion, either with or without heating.

[0094] According to still another non-limiting embodiment, forming the sheet
comprising the at least partially ordered liguid crystal polymer and the at least partially
ordered liquid crystal material distributed within at least a portion the at least partially
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ordered liquid crystal polymer can comprise forming a liquid crystal polymer sheet,
imbibing at least a portion of the liquid crystal polymer sheet with at least one liquid
crystal mesogen, and thereafter at least partially ordering at least portion of the liquid
crystal polymer and at least a portion of the at least one liquid crystal mesogen
distributed therein. Although not limiting herein, for example, at least a portion of the
liquid crystal polymer sheet and at least a portion of the at least one liquid crystal
mesogen distributed therein can be at least partially ordered by stretching the liquid
crystal polymer sheet. Further according to this non-limiting embodiment, the liquid
crystal polymer sheet can be formed using conventional polymer processing techniques,
such as, but not limited to, extrusion and casting.

[0095] Generally speaking, the sheets comprising the at least partially ordered liquid
crystal polymer and the at least partially ordered liquid crystal material distributed therein
according to various non-limiting embodiments disclosed herein can have any thickness
necessary so as to achieve the desired overall thickness of the alignment facility. For
example, in one non-limiting embodiment, the thickness of the sheet can range from 1
micron to 100 microns. In another non-limiting embodiment, the thickness of the sheet
can range from 10 microns to 50 microns. In still another non-limiting embodiment, the
thickness of the sheet can range from 20 microns to 40 microns.

[0028] Further, according to the various non-limiting embodiments, the sheet
comprising a liquid crystal polymer and a the liquid crystal material distributed therein
can be connected to at least a portion of an optical substrate by at least one of
laminating, fusing, in-mold casting, and adhesively bonding at least a portion of the sheet
to the optical substrate.

[0097] Anather non-limiting embodiment provides a method of making an alignment
facility for an optical dye comprising forming an at least partial coating comprising an
interpenetrating polymer network on at least a portion of an optical substrate. As used
herein the ferm “interpensirating polymer networl” means an entanglad combination of
polymers, ai least one of which is cross-linked, that are not bonded to each other. Thus,
as used herein, the term interpenetrating polymer network includes semi-interpenetrating
polymer networks. For example, see L.H. Sperling, Introduction io Physical Polymer

Science, John Wiley & Sons, New York (1986) at page 46. According to this non-limiting
embodiment, the method comprises imparting an orientation facility on at least a portion
of an optical substrate and applying a polymerizable composition and a liquid crystal
material to the at least a portion of the orientation facility. Thereafter, at least a portion of
the liquid crystal material can be at least partiaily aligned with at least a portion of the
orientation facility. After at least partially aligning at least a portion of the liquid crystal
material, at least a portion of the at least partial coating can be subjected to a dual curing
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process, wherein at least a portion of the liquid crystal material is at least partially set
and at least a portion of the polymerizable composition is at least partially set. According
to this non-limiting embodiment, at least partially setting at least a portion of the liquid
crystal material can occur before, after, or at essentially the same time as at least
partially setting the polymerizable composition.

[0098] For example, in one non-limiting embodiment at least a portion of the liquid
crystal material of the interpenetrating polymer network can be exposed to ultraviolet
radiation to at least partially set at least a portion of the liquid crystal material.
Thereatfter, at least a portion of the polymerizable composition can be at least partially
set by exposure o thermal energy. Although not limiting herein, according to this non-
limiting embodiment, the polymerizable composition can comprise dihydroxy and
isocyanate monomers, and a liquid crystal material can comprise a liquid crystal
monomer. As used herein, the term “thermal energy” means any form of heat.

[0099] In another non-limiting embodiment, at least a portion of the polymerizable
composition can be exposed to thermal energy sufficient to cause at least a portion of
the polymerizable composition to at least partially set prior fo exposing at least a portion
of the liquid crystal material to ultraviolet radiation to cause at least a portion of the liquid
crystal material fo at least partially set. Further, at least a portion of the liquid crystal
material can be at least partially aligned before, during or after exposing at least a
portion of the coating to thermal energy and prior fo at least partially setting at least a
portion of the liquid crystal material.

[0100] In still another non-limiting embodiment, at least partially setting at least a
portion of the polymerizable composition can occur at essentially the same time as at
least partially setting at least a portion of the liquid crystal material, for example, by
simultaneously exposing the at least partial coating to UV and thermal energy.

[0101] Generally, the at least partial coatings comprising the interpenetrating
polymer network according to various non-limiting embaodiments disclosed herzsin can
have any thickness necassary io achieve the desired thickness of the alignment facility.
For example, although not limiting hersin, in one non-limiting embodirnent, the thickness
of the at least partial coating comprising the interpenetrating polymer network can range
from 1 to 100 microns. Further, according to various non-limiting embodiments disclosed
herein, the polymerizable composition of the interpenetrating polymer network can be an
isotropic material or an anisotropic material, provided that the at least partial coating is,
on the whole, anisotropic.

[0102] Optical elements according to various non-limiting embodiments will now be
described. Referring now to Fig. 2, one non-limiting embodiment provides an ophthalmic

element, which is generally indicated 220, comprising an ophthalmic substrate 222 and
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an alignment facility (generally indicated 223) for an optical dye comprising at least one
at least partial coating 224 comprising an at least partially ordered liquid crystal material
connected to at least a portion thereof. As used herein the term “connected t0” means in
direct contact with an object or in indirect contact with an object through one or more
other structures or materials, at least one of which is in direct contact with the object.
Non-limiting methods of forming such alignment facilities are set forth above in detail.
Further, non-limiting examples of optical elements and substrates, as well as ophthalmic
elements and substrates, that can be used in conjunction with various non-limiting
embodiments of optical elements and ophthalmic elements disclosed herein are set forth
above in detail. ;

[0103] As discussed above, the time required to align thick, single-phase liquid
crystal coatings is generally longer than the time required to align thinner coatings of the
same material. Thus, although not required, according to certain non-limiting
embodiments wherein optical elements having thick alignment facilities are desired, the
alignment facility can comprise a plurality of at least partial coatings. For example, with
continued reference to Fig. 2, according to one non-limiting embodiment, the at least one
at least partial coating 224 of alignment facility 223 can comprise a first at least partial
coating 226 comprising an at least partially ordered liquid crystal material and at least
one additional at least partial coating 228 comprising an at least partially aligned liquid
crystal material on at least a portion of the first at least partial coating 228.

[0104] Although not limiting herein, for example, according to various non-limiting
embodiments, the first at least partial coating 226 can have a thickness (generally
indicated 227) ranging from: 0.5 to 20 microns, 0.5 to 10 microns, and 2 to 8 microns.
Further, for example and without limitation, according to various non-limiting
embodiments disclosed herein, the at least one additional at least partial coating 228 can
have a thickness (generally indicated 229) ranging from 1 micron to 25 microns, can
furiher have a thickness ranging from 5 microns to 20 microns. According io still another
non-limiting embodiment, at least one additional at least partial coating can have a
thickness greater than 6 microns, and can further have g thickness of at least 10
microns.

|0105] Still further, according to various non-limiting embodiments disclosed herein,
the first at least partial coating 226 can be thinner than the at least one additional at least
partial coating 228. For example and without limitation, in one non-limiting embodiment,
the first at least partial coating 226 can have a thickness ranging from 2 microns o 8
microns and the at least one additional at least partial coating 228 can have a thickness
ranging from 10 microns o 20 microns. Non-limiting methods of making such coatings
are described above in detail.
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[0106] Further according to various non-limiting embodiments disclosed herein, the
at least partial coating(s) (or sheets) of the alignment facility can further comprise at least
one additive chosen from alignment promoters, kinetic enhancing additives,
photoinitiators, thermal initiators, polymerization inhibitors, solvents, light stabilizers
(such as, but not limited to, ultraviolet light absorbers and light stabilizers, such as
hindered amine light stabilizers (HALS)), heat stabilizers, mold release agents, rheology
control agents, leveling agents (such as, but not limited to, surfactants), free radical
scavengers, and adhesion promoters (such as hexanediol diacrylate and coupling
agents).

[0107] As used herein, the term “alignment promoter” means an additive that can
facilitate at least one of the rate and uniformity of the alignment of a material to which it is
added. Non-limiting examples of alignment promoters that can be present in the at least
partial coatings (and sheets) according to various non-limiting embodiments disclosed
herein include those described in U.S. Patent 6,338,808 and U.S. Patent Publication No.
2002/0039627, which are hereby specifically incorporated by reference herein.

[0108] Non-limiting examples of kinetic enhancing additives that can be present in
the at least partial coatings (and sheets) according to various non-limiting embodiments
disclosed herein include epoxy-containing compounds, organic polyols, and/or
plasticizers. More specific examples of such kinetic enhancing additives are disclosed in
U.S. Patent 6,433,043 and U.S. Patent Publication No. 2003/0045612, which are hereby -
specifically incorporated by reference herein.

[0109] Non-limiting examples of photoinitiators that can be present in the at least
partial coatings (and sheets) according to various non-limiting embodiments disclosed
herein include cleavage-type photoinitiators and abstraction-type photoinitiators. Non-
limiting examples of cleavage-type photoinitiators include acetophenones, o-
aminoalkylphenones, benzoin ethers, benzoyl oximes, acylphosphine oxides and
bisacylphosphine oxides or mixiures of such initiaiors. A commercial example of such a
photoinitiator is DAROCURE® 4265, which is available from Ciba Chemicals, Inc. Non-
limiting examples of abstraction-type photoinitiators include benzophenone, Michler's
ketone, thioxanthone, anthraguinone, camphorguinone, fluorone, ketocoumarin or
mixtures of such initiators.

[0110]  Another non-limiting example of a photoinitiator that can be present in the at
least partial coatings (and sheets) according to various non-limiting embodiments
disclosed herein is a visible light photoinitiator. Non-limiting examples of suitable visible
light photoinitiators are set forth at column 12, line 11 to column 13, line 21 of U.S.
Pateni 6, 602,603, which is specifically incorporated by reference hersin.
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[0111] Non-limiting examples of thermal initiators include organic peroxy compounds
and azobis(organonitrile) compounds. Specific non-limiting examples of organic peroxy
compounds that are useful as thermal initiators include peroxymonocarbonate esters,
such as tertiarybutylperoxy isopropyl carbonate; peroxydicarbonate esters, such as di(2-
ethylhexyl) peroxydicarbonate, di(secondary butyl) peroxydicarbonate and
diisopropylperoxydicarbonate; diacyperoxides, such as 2,4-dichlorobenzoyl peroxide,
isobutyryl peroxide, decanoyl peroxide, lauroyl peroxide, propionyl peroxide, acetyl
peroxide, benzoyl peroxide and p-chlorobenzoyl peroxide; peroxyesters such as t-
butylperoxy pivalate, t-butylperoxy octylate and t-butylperoxyisobutyrate;
methylethylketone peroxide, and acetylcyclohexane sulfonyl peroxide. In one non-
limiting embodiment the thermal initiators used are those that do not discolor the
resulting polymerizate. A

[0112] Non-limiting examples of azobis(organonitrile) compounds that can be used
as thermal initiators include azobis(isobutyronitrile), azobis(2,4-dimethylvaleronitrile) or a
mixture thereof.

[0113] Non-limiting examples of polymerization inhibitors include: nitrobenzene,
1,3,5,-trinitrobenzene, p-benzoquinone, chloranil, DPPH, FeClz;, CuCl,, oxygen, sulfur,
aniline, phenol, p-dihydroxybenzene, 1,2,3-trihydroxybenzene, and 2,4,6-
trimethyiphenol.

[0114] Non-limiting examples of solvents that can be present in the at least partial
coating (and sheets) according to various non-limiting embodiments disclosed herein
include those that will dissolve solid components of the coating, that are compatible with
the coating and the elements and substrates, and/or can ensure uniform coverage of the
exterior surface(s) to which the coating is applied. Potential solvents include, but are not
limited to, the following: acetone, amyl propionate, anisole, benzene, butyi acetate,
cyclohexane, dialkyl ethers of ethylene glycol, e.g., diethylene glycol dimethyl ether and
their darivaies (sold as CELLOSOLVE® indusirial solvenis), diethylene glycol dibenzoats,
dimethyl sulfoxide, dimethyl formamide, dimethoxybenzene, ethyl acetate, isopropyl
alcohol, methyl cyclohexanone, cyclopentanone, methyl ethyl ketone, methyl isobutyl
ketone, methyl propionate, propylene carbonais, fetrahydroduran, tolueneg, xylene, 2-
methoxyethyl ether, 3-propylene glycol methyl ether, and mixtures thereof.

[0115] Further, as previously discussed, one or more optical dyes can be in confact
with at least partial coatings (and sheets) of the alignment facilities according to various
non-limiting embodiments disclosed herein.

[0116] Referring again to Fig. 2, in addition to the at least one at least partial coating
224 comprising the at least pariially ordered liquid crystal material, the ophthalmic

element 220 can further comprise an orientation facility 230 interposed between at least
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a portion of the at least one at least partial coating 224 of the alignment facility 223 and
the ophthaimic substrate 222. Non-limiting examples of suitable orientation facilities and
methods of making the same are set forth above.

[0117] Moreover, although not shown in the figures, in addition to the alignment
facility, the optical elements according to various non-limiting embodiments disclosed
herein can further comprise at least one at least partial primer coating interposed
between at least a portion of the at least partial coating of the alignment facility and the
optical substrate, or between at least a portion of an orientation facility and the optical
substrate. Non-limiting examples of such coatings are set forth above in detail.

[0118] Referring now to Fig. 3, another non-limiting embodiment provides an optical
element (generally indicated 330) comprising an optical substrate 332, and an alignment
facility (generally indicated 333) for an optical dye connected to at least a portion of the
optical substrate. According to this non-limiting embodiment, the alignment facility 333
comprises an at least partial coating 334 having a thickness (generally indicated 335)
greater than 6 microns and comprising an at least partially ordered liquid crystal material.
Further, according to this non-limiting embodiment, the at least partial coating 334 can
have thickness 335 of at least 10 microns. According to still other non-limiting
embodiments, at least partial coating 334 can have a thickness 335 ranging from 50
microns to 1000 microns or more. Non-limiting methods and material for making such
coatings are described above in detail.

[0119] Another non-limiting embodiment provides an alignment facility for an optical
dye comprising an at least partial coating comprising an at least partially ordered phase-
separated polymer, the phase-separated polymer comprising a matrix phase comprising
a liquid crystal material at least a portion of which is at least partially ordered in at least a
first general direction and a guest phase comprising a liquid crystal material distributed
within the matrix phase, wherein at least a portion of the liquid crystal material of the
guest phase is ai least pariially ordered in at leasi a second general direction that is
generally parallel to at least the first general direction. Further, according to this non-
limiting embodiment, alignment facility can be connected to an optical subsirate to form
an optical element. For example, according to one non-limiting embodiment there is
provided an opfical element comprising an optical substrate and an alignment facility for
an optical dye connected to at least a portion of the optical substrate, the alignment
facility comprising an at least partial coating comprising an at least partially ordered
phase-separated polymer. Non-limiting methods of forming such alignment facilities are
described above.

[0120] Referring now to Fig. 4, another non-limiting embodiment provides an
alignment facility (generally indicated 443) for an optical dye comprising a sheet 444
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comprising an at least partially ordered liquid crystal polymer 446 having at least a first
general direction and a an at least partially ordered liquid crystal material 447 distributed
within at least a portion of the liquid crystal polymer 446, wherein the at least partially
ordered liquid crystal material 447 has at least a second general direction that is
generally parallel fo af least the first general direction of the liquid crystal polymer 446.
According to one non-limiting embodiment, the sheet 444 can be formed from a phase-
separating polymer system as discussed above. Alternatively, according to another non-
limiting embodiment, the sheet 444 can be formed using the imbibition techniques
previously discussed.

[0121] Although not limiting herein, as discussed above, according to various non-
limiting embodiments, the sheet can be connected to at least a portion of an optical
substrate. Non-limiting methods of connecting the sheet to at least a portion of the
optical substrate include: laminating, fusing, in-mold casting, adhesively bonding, and
combinations thereof. As used herein, the term “in-mold casting” includes a variety of
casting techniques, such as but not limited to: overlaying, wherein the sheet is placed in
a mold and the substrate is formed (for example by casting) over at least a portion of the
substrate; and injection molding, wherein the substrate is formed around the sheet.
[0122] One non-limiting embodiment provides an optical element comprising an
optical substrate and an alighment facility comprising a sheet comprising an at least
partially ordered liquid crystal polymer having at least a first general direction and a an at
least partially ordered liquid crystal material having at least a second general direction
distributed within at least a portion of the at least partially ordered liquid crystal polymer
matrix. Further, according to this non-limiting embodiment, at least the second general
direction can be generally parallel to at least the first general direction of the liquid crystal
polymer. As discussed above, a variety of methods can be used fo connect the sheet of
the alignment facility to the optical substrate.

104923) Another non-limiting embodimeani provides an alignment facility for an optical
dye comprising an at least pariial coating of interpenetraiing polymer network comprising
a polymer and an at least partially ordered liquid crystal material. Further, as praviously
discussed, the alignment facility can be connected o at least a portion of an optical
substrate. For example, one non-limiting embodiment provides an optical elemant
comprising an optical substrate and an alignment facility for an optical dye connected to
at least a portion of the optical substrate, wherein the alignment facility comprises an at
least partial coating of an interpenetrating polymer network comprising a polymer and an
at least partially ordered liquid crystal material. Non-limiting methods of forming at least
partial coatings comprising an at least partially aligned interpenetrating polymer network
are set forth above.
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[0124] Various non-limiting embodiments disclosed herein will now be illustrated in
the following non-liming examples. |
EXAMPLES

Example 1

Part A
[0125] Two coating compositions (indicated as Coating Composition 1 and Coating
Composition 2 in Table 1) were formed by adding the materials listed in Table | in the
order listed to a beaker with stirring:

Table I
i Coating Composition - ~Amountin grams. ..
Coating Composition 1:
RM 82" 0.5
RM 105® 0.5
RM 257© 0.5
RM 239 0.5
Anisole 1.3
BYK®-346 additive® 0.01
irgacure® 819® 0.10
Coating Composition 2:
RM 82 0.5
RM 105 0.5
Rivi 257 0.5
RM 23 0.5
Licristal® E-7 © 0.2
Anisole 1.1
BYK®-346 additive 0.01
Irgacure® 819 0.10

(1) RM 82 is a liquid crystal monomer (LCM) available from EMD Chemicals, Inc and is reported
to have the molecular formula of CagH44010.

(2) RM 105 is a liquid crystal monomer (LCM) available from EMD Chemicals, Inc and is reported
to have the molecular formula of CazHs0s.

(3) RM 257 is a liquid crystal monomer (LCM) available from EMD Chemicals, Inc and is reported
to have the molecular formula of Cz3H3204

(4) RM 23 is a liquid crystal monomer (LCM) available from EMD Chemicals, Inc and is reported
o have the molecular formulal of CagHoaNOs.

(6) BYK®-346 additive is a silicone surfactant reported to be a polysther medified poly-dimethyl-
siloxane available from BYK Chemie, USA.

(7) Irgacure®819 is a photoinitiator available from Ciba-Geigy Corporation.

(8) Licristal® E7 is a liguid crystal mesogen mixture available from EM Industries

[0126] More particularly, Coating Composition 1 is a non-phase-separating polymer
system, and Coating Composition 2 is a phase-separating polymer system comprising a
matrix phase forming material comprising the above described liquid crystal monomers
and a guest phase forming material comprising Licristal® E7 liquid crystal mesogens.
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Part B
[0127] Six (6) square test substrates measuring 2” x 2" x 0.25” (5.08 cm x 5.08 cm x
0.635 cm), which formed from polymerizates of CR-39® monomer (which is available
from Homalite), were washed in a solution of liquid soap and water, rinsed with deionized
water, and subsequently rinsed with isopropyl alcohol. The cleaned test substrates were
dried and freated with oxygen plasma at a flow rate of 100 milliliters (mL) per minute of
oxygen at 100 watts of power for one minute.

Part C
[0128] An orientation facility was formed on each of the 4 test substrates as follows.
A solution of a photo-orientable polymer network available as Staralign™ 2200 CP4
solution from Huntsman Advanced Materials, which designation is reported to mean 4
weight percent in cyclopentanone, was applied to a portion of the surface of each test
substrate by dispensing the Staralign™ solution for 2 to 3 seconds onto the substrate.
As the Staralign™ solution was dispensed onto the substrates, the substrates were spun
at 800 revolutions per minute for about 2 to 3 minutes. Afterwards, the coated
substrates were placed in an oven maintained at 130°C for 15 minutes.
[0129] After application, the photo-orientable polymer network was at least partially
ordered by exposure to linearly polarized ultraviolet radiation for 1 minute at a peak
intensity of 18 milliWatts/cm?® of UVA (320-320 nm) as measured using a UV Power
Puck™ electro-optic radiometer (which is available from Electronic Instrumentation and
Technology, Inc.). The source of linearly polarized UV radiation was a BLAK-RAY Model
B-100A Longwave UV Lamp. The light source was oriented such that the radiation was
linearly polarized in a plane perpendicular to the surface of the substrate. After ordering
at least a portion of the photo-orientable polymer network, the substrates were cooled fo
room temperature and kept covered.

PartD
[0130] Coatings of Coating Composition 1 and 2 where then formed on two (2) of
the substrates prepared in Pari C as follows. For each subsirate, one of the two coating
compositions was applied to at least a portion of the orientation facility on the surface of
the substrate by spin coating. More specifically, approximately 1 mL of the selected
coating composition was dispensed onto at least a portion of the orientation facility as
the substrate, and any excess was drained off prior to spinning at 400 revolutions per
minute for 3 minutes for all of the samples. After applying the coating composition, the
substrate was placed in a 45°C oven for up to 60 minutes to permit af least a portion of
the anisotropic material of the coating cornposition to align with the orientation facility.
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Alignment of the coatings was periodically checked during this time by removing the
substrate from the oven and examining the substrate using two cross-polarized films
(#45669) from Edmund Industrial Optics as described below in more detail.

[0131] To check alignment, the coated substrate was positioned between the cross-
polarized films so that the coated substrate was parallel with at least one of the films
such that visible light transmitted through this configuration. At least partial alignment
was verified by observing an increase in the transmitted visible light when one of the
polarizing films was rotated 45 degrees clockwise or counterclockwise while viewing a
visible light 'source through this configuration.

[0132] After alignment, the coatings were at least partially set by curing. During
curing of Coating Composition 2, the liquid crystal mesogen of the guest phase forming
material was separated from the liquid crystal monomers of the matrix phase forming
material as the matrix phase forming material was polymerized. The resulting coating
comprises a phase-separated polymer comprising a liquid crystal polymer matrix with the
guest phase (i.e., the liquid crystal mesogens) distributed therein.

[0133] The time to alignment was measured for the substrates coated with Coating
Composition 1 and Coating Composition 2 using the aforementioned method. The
results in minutes are listed in Table 1.

Table lI
Coating Composition § o JTime ie Alignment =
— 1 — 30-60 fhinutés “
2 10-20 minutes

[0134] The resuits of Table 1 show that the phase-separating polymer system of
Coating Composition 2 was at least partially aligned in a shorter time period than the
liquid crystal monomer system of Coating Composition 1.

Example 2

[0135] Coatings of Coating 1 or 2 were formed on the remaining four (4) substrates
prepared above in Part C using the coaiing parameters set forth in Table 111

38



WO 2005/006034 PCT/US2004/016504

Table ill

. . Coating : | . Spin Time
| Composition | (rpm) | - (second
1 200
1 200
2 200
4(A) 1 800
4(B) 1 300

[0136] Sample 4 represents a single substrate to which a first coating (A) was
applied and aligned as indicated above in Table Ill to form Sample 4(A). Thereafter, an
additional coating (B) was applied on the first coating (A) and aligned as indicated in
Table 11l o form Sample 4(B). Thus, Sample 4B had two coating applied thereon.
[0137] After application of the coating, the time for at least partial alignment to occur
was determined as previously described. Thereafter, the coatings were further cured by
covering the coated substrate with a cut-off filter (to screen out the ultraviolet
wavelengths less than 390 nanometers) so that the cut-off filter was about 1 mm above
the surface of the coated substrate. The resulting assembly was placed on an ultraviolet
conveyor curing line (obtained from Eye Uliraviolet, Inc) and conveyed at three feet per
minute beneath two ultraviolet “type D” 400 watt/inch iron iodide doped mercury lamps
10” in length, one positioned 2.5” above the conveyor and the other positioned 6.5”
above the conveyor. During curing, the peak intensity of UVA (320 to 390 nm) was
0.239 Watts/cm? and of UVV (395 to 445 nm) was 0.416 Watts/cm?, as measured using
a UV Power Puck™ electro-optic radiometer, described hereinbefore. The UV conveyor
curing line had a nitrogen atmosphere in which the oxygen level was less than 100 ppm.
[0138] As previously discussed in Example 1, during curing of Coating Composition
2, the guest phase forming material was separated from the matrix phase forming
material. Further, as discussed above, the above-described procadure was repeated

twice Tor sample 4(B) using Coating Composition 1.

Example 3

[01392] The samples prepared in Example 2 were further analyzed 1o rate the degree
of alignment and the thickness of the coatings as follows. The degree of alignment for
each of two regions “a” and “b” on each of the samples was determined in a qualitative
manner using the technique for checking the alignment (previously described) and

assigned the rating of “good”, “poor” or “very poor”.
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[0140] The thickness of each of regions “a” and “b” were determined as follows. For
each sample, a cross-section about 100 microns in thickness was taken in each region
“a” and “b” with a diamond wet saw. Each cross-section was immersed in liquid having a
refractive index of 1.498 an examined with a polarizing microscope equipped with a
digital camera. Photomicrographs of the cross-sections were made with a Diagnostic
Instruments Model 3.2.0 digital camera and the thickness of the coating on the substrate
was determined using Spot software, version 3.5.6.2. Upon immersion in the refractive
index liquid, coating (B) of Sample 4(B) separated from the cross-section. The
separated coating (B) was cut into strips and the thickness of the strips was measured
on edge, in air, using the aforementioned digital camera equipped polarizing microscope

and Spot software. The results of these analyses are listed in Table IV.
Table IV

very poor
poor
good
poor
good
good
good
good
good
good

T ITIO T ITIO T

Example 4
[0141] A substrate having an alignment facility comprising an at least partial coating
comprising an at least partially ordered liquid crysial material was prepared by an
overmolding process as follows.

Part A
10142] Each of the liguid crystal monomers listed in Table V (which are described
above in Example 1) were added o a beaker in the order listed with stirring:
Table V

Liguid Crysial Monoimer Arnouiit {g)
RM 23 3.25
RM 257 3.25
RM 82 3.25
RM 105 3.25
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[0143] Anisole (7.0 grams) was then added to the beaker and the resulting mixture
was heated to 60°C and stirred until the solids were dissolved as determined by visual
observation. The resulting liquid crystal monomer solution had 65 percent solids.
Essentially all of the solvent was thereafter removed by sparging with air for 2 hours to
produce the overmolding solution.

PartB
[0144] A six-base lens prepared of CR-39° monomer was cleaned following the
procedure of Part B of Example 1 except that the lens was dried in an oven at 100°C for
10 minutes prior to treatment with oxygen plasma.

PartC
[0145] The procedure of Part C of Example 1 was followed to form an orientation
facility comprising an least partially ordered coating comprising a photo-orientable
polymer network on the surface of the lens and on the surface of a glass mold, except
that a 90 second exposure to the linearly polarized ultraviolet light was used to at least
partially order the photo-orientable polymer network.

PartD
[0146] After forming the orientation facilities as described in Step 3, the mold was
positioned on a flat surface with the orientation facility facing up. An amount of the
overmolding solution sufficient to cover the mold surface was poured into the center of
the mold. Teflon® circular sleeves were placed on the edges of the mold for use as
spacers. The lens was positioned adjacent the mold such that the orientation facility on
the lens contacted the overmolding solution, and the overmolding solution spread out to
fill the region between the lens and mold. Clamps were applied to form an assembly that
was placed in an oven at 45°C for 30 minutes to permit the liquid crystal material to at
least partially align with the orientation facilities. Thereafter, the assembly was placed on
the ultraviolet conveyor curing line described in Part C of Example 1. After curing, the
cozted lens was released from ihe mold. Examinaiion of the coaied lens using the
cross-polar films described above in Part B of Example 1, demonstrated good alignment.
[0147] The thickness of the overmolded coating was determinad as follows. A cross-
section was obtained from the lens in an area midway batween the center and the outer
edge of the lens. The cross-section was coated with a 1.550 refractive index liquid,
placed on a microscope slide and covered with a cover slip. Measurements of the
coating thickness were then taken using a Leitz polarized light microscope and a Spot
digital camera. Based on these measurements, the coating was determined to have a
thickness ranging from 61+/- 5 microns to 65 +/- 5 microns.
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[0148] It is to be understood that the present description and examples illustrates
aspects of the invention relevant to a clear understanding of the invention. Certain
aspects of the invention that would be apparent to those of ordinary skill in the art and
that, therefore, would not facilitate a better understanding of the invention have not been
presented in order to simplify the present description. Although the present invention
has been described in connection with certain embodiments, the present invention is not
limited to the particular embodiments or examples disclosed, but is intended to cover
modifications that are within the spirit and scope of the invention, as defined by the
appended claims.
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CLAIMS
WE CLAIM:

1. A method of making an alignment facility for an optical dye on at least a portion of an
ophthalmic substrate, the method comprising:
forming a first at least partial coating on at least a portion of the ophthalmic
substrate, the first at least partial coating comprising an at least partially
ordered liquid crystal material having at least a first general direction; and
forming at least one additional at least partial coating on at least a portion of the
first at least partial coating, the at least one additional at least partial
coating comprising an at least partially ordered liquid crystal material
having at least a second general direction that is generally parallel to at
least the first general direction.

2. The method of claim 1 wherein forming the first at least partial coating comprises:
applying a liquid crystal material on at least a portion of the ophthalmic substrate;
at least partially ordering at least a portion of the liquid crystal material such that

the at least partially ordered portion of the liquid crystal material has at
least a first general direction; and
at least partially setting at least a portion of the liquid crystal material.

3. The methods of claim 2 wherein applying the liquid crystal material comprises at least
one of: spin coating, spray coating, spray and spin coating, curtain coating, flow coating,
dip coating, injection molding, casting, roll coating, wire coating, and overlaying.

4. The method of claim 2 wherein at least partially ordering at least a portion of the liquid
crysial material comprizes exposing the portion 1o at least one of: 2 magnetic fisld, an
electric field, linearly polarized infrared radiation, linearly polarized ultraviolet radiation,
linearly polarized visible radiation and & shear force.

5. The method of claim 2 wherein at least partially setting at least a portion of the liguid
crystal material comprises at least partially curing the portion by exposing the portion to
at least one of: ultraviolet radiation, visible radiation, and thermal energy.

6. The method of claim 1 wherein forming the at least one additional at least partial

coating comprises:
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applying a liquid crystal material on at least a portion of the first at least partial
coating;

at least partially ordering at least a portion of the liquid crystal material such that
the at least partially ordered portion of the liquid crystal material of the at
least one additional at least partial coating has at least a second general
direction that is generally parallel to at least the first general direction of the
liquid crystal material of the first at least partial coating; and

at least partially setting at least a portion the liquid crystal material of the second
at least partial coating.

7. The method of claim 6 wherein the liquid crystal material of the at least one additional
at least partial coating is the same or different from the liquid crystal material of the first
at least partial coating.

8. The method of claim 6 wherein applying the liquid crystal material comprises at least
one of: spin coating, spray coating, spray and spin coating, curtain coating, flow coating,
dip coating, injection molding, casting, roll coating, wire coating, and overiaying.

9. The method of claim 6 wherein at least partially ordering at least a portion of the liquid
crystal material comprises at least partially aligning the portion with at least a portion of

the at least partially ordered liquid crystal material of the first at least partial coating.

10. The method of claim 9 wherein at least partially ordering at least a portion of the
liquid crystal material further comprise exposing the portion fo at least one of: a magnetic
field, an electric field, linearly polarized infrared radiation, linearly polarized ultraviolet
radiation, and linearly polarized visible radiation while at least partially aligning the
portion.

11. The method of claim & wherein at least partially setting at least a portion of the liguid
crystal material of the at least one additional at [east partial coating comprises at leasi
partially curing the portion by exposing the portion to at least one of: ultraviolet radiation,
visible radiation, and thermal energy.

12. The method of claim 1 wherein a sum of a thickness of the first at least partial

coating and a thickness of the at least one additional at least partial coating is greater
than 20 microns.
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13. The method of claim 1 wherein the method comprises forming a plurality of
additional at least partial coatings.

14. The method of claim 13 wherein forming the plurality of additionai at least partial

coating comprises successively forming at least two additional at least partial coatings.

15. The method of claim 1 further comprising forming at least one at least partial primer
coating on at least a portion of the ophthalmic substrate prior to forming the first at least

partial coating.

16. The method of claim 1 further comprising imparting an orientation facility on at least
a portion of the ophthalmic substrate prior to forming the first at least partial coating.

17. The method of claim 16 wherein imparting the orientation facility comprises at least
one of forming an at least partial coating of an at least partially ordered alignment
medium on at least a portion of the ophthalmic substrate; applying an at least partially
ordered polymer sheet to at least a portion of the ophthalmic substrate; at least partially
treating at least a portion of at least one surface of the ophthalmic substrate; and forming
a Langmuir-Blodgett film on at least a portion of the ophthalmic substrate.

18. The method of claim 16 wherein the orientation facility comprises an at least partially
ordered coating comprising an alignment medium, wherein the alignment medium is
chosen from photo-orientation materials and rubbed-orientation materials.

19. The method of claim 18 wherein the alignment medium is a phofo-orientation
material chosen from azobenzene derivatives, cinnamic acid derivatives, coumarine

derivatives, ferulic acid derivatives, and polyimides.

20. The method of claim 18 wherein at least a portion of the alignment medium is at
least pariially ordered by at least one of a shear force, linearly polarized infrared
radiation, linearly polarized ultraviolet radiation, and linearly polarized visible radiation.

21. The method of claim 16 wherein the at least partially ordered liquid crystal materiai
of the first at least partial coating is at least partially ordered by alignment with at least
portion of the orientation facility, and the at least partially ordered liquid crystal material
of the at least one additional least partial coating is at least partially ordered by alignment
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with at least portion of the at least partially ordered liquid crystal material of the first at
least partial coating.

22. An alignment facility made according to the method of claim 1.

23. A method of making an alignment facility for an optical dye on at least a portion of
an optical substrate, the method comprising:
forming a first at least partial coating on at least a portion of the optical substrate,
the first at least partial coating comprising an at least partially ordered liquid
crystal material having at least a first general direction; and
forming at least one additional at least partial coating on at least a portion of the
first at least partial coating, the at least one additional at least partial
coating comprising an at least partially ordered liquid crystal material
having at least a second general direction that is generally parallel to at
least the first general direction of the liquid crystal material of the first at
least partial coating;
wherein a sum of a thickness of the first at least partial coating and a thickness of the at

least one additional at least partial coating is greater than 20 microns.

24. An alignment facility made according to the method of claim 23.

25. A method of making an alignment facility for an optical dye on at least a portion of
an optical substrate comprising forming an at least partial coating on at least a portion of
the optical substrate, the at least partial coating comprising an at least partially ordered
liguid crystal material having at least a first general direction, wherein the at least partial
coating has a thickness greater than 6 microns.

26. The method of claim 25 wherein forming the at least partial coating on at least a
portion of the optical substrate comprises:
applying a2 liguid crystal material on at [east a portion of the optical substrate such
that the liquid crystal material has a thickness of greaier than 6 microns,
at least partially ordering at least a portion of the liquid crystal material such that
the at least partially ordered portion of the liquid crystal material has at
least a first general direction, and

at least partially setting at least a portion of the liquid crystal material.
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27. The method of claim 26 wherein at least partially ordering at least a portion of the
liquid crystal material comprises exposing the portion to at least one of a magnetic field

and an electric field.

28. The method of claim 25 wherein forming the at least partial coating on at least a
portion of the optical substrate comprises:
placing at least a portion of a surface of the optical substrate adjacent a surface
of a transparent mold such that the portion of the surface of the optical
substrate and the surface of the transparent moid define a molding region;
introducing a liquid crystal material into the molding region such that at least a
portion of the liquid crystal material at least partially coats at least a portion of
the surface of the optical substrate;
at least partially ordering at least a portion of the liquid crystal material such that
the at least partially ordered portion of the liquid crystal material has at least a
first general direction;
at least partially polymerizing at least a portion of the liquid crystal material; and
separating the optical substrate and the liquid crystal material from the

transparent mold.

29. The method of claim 25 wherein forming the at least partial coating on at least a
portion of the optical substrate comprises:
introducing a liquid crystal material onto at least a portion of a surface of a
transparent mold;
contacting at least a portion of the liquid crystal material with at least a portion of
a surface of an optical substrate such that at least a portion of the liquid
crystal material is caused to flow between the portion of the surface of the
opiical subsirate and a portion of the surface of the transparent mold and io
at least partially coat at least a portion of the surface of the optical substrate;
at least partially ordering at least a poriion of the liquid crystal material such that
the at least partially ordered portion of the liquid crystal material has at least a
first general direction;
at least partially polymerizing at least a portion of the liquid crystal material; and
separating the optical substrate and the liquid crystal material from the
transparent mold.
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30. The method of claim 29 wherein at least one of at least a portion of the surface of
the transparent mold and at least a portion of the surface of the optical substrate

comprises an orientation facility having at least a first general direction.

31. The method of claim 29 wherein the optical substrate is a multi-vision, segmented

ophthalmic lens.

32. An alignment facility made according to the method of claim 25.

33. A method of making an alignment facility for an optical dye comprising an at least
partial coating comprising a phase-separated polymer on at least a portion of an optical
substrate, the method comprising:
applying a phase-separating polymer system on the at least a portion of the
optical substrate, the phase-separating polymer system comprising a matrix
phase forming material comprising a liquid crystal material and a guest phase
forming material comprising a liquid crystal material;
at least partially ordering at least a portion of the matrix phase forming material
and at least a portion of the guest phase forming material such that the at
least partiaily ordered portion of the matrix phase forming material has a first
general direction and the at least partially ordered portion of the guest phase
forming material has a second general direction that is generally parallel to
the first general direction; and
causing at least a portion of the guest phase forming material to separate from at
least a portion of the matrix phase forming material by at least one of
polymerization induced phase separation and solvent induced phase

separation.

34. The method of clairm 33 wherein applying the phase-separating polyrner system
comprises applying & solution comprising the matrix phase forming material, the guest
phase forming material, and ai least one common solvent on the at least a portion of the

optical subsirate.

35. The method of claim 34 wherein:
the matrix phase forming material is a liquid crystal polymer and the guest phase
forming material is a liquid crystal polymer that is different from the liquid
crystal polymer of the matrix phase forming material; and
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causing at least a portion of the guest phase forming material to separate from at
least a portion of the matrix phase forming material comprises evaporating at
least a portion of the at least one common solvent.

36. The method of claim 33 wherein:

the matrix phase forming material is a liquid crystal monomer and the guest
phase forming material is chosen from liquid crystal mesogens and a low
viscosity liquid crystal monomer that is different from the liquid crystal
monomer of the matrix phase forming material; and

causing at least a portion of the guest phase forming material to separate from at
least a portion of the matrix phase forming material comprises polymerizing
at least a portion of the liquid crystal monomer of the matrix phase forming
material.

37. The method of claim 36 wherein polymerizing at least a portion of the liquid crystal
monomer of the matrix phase forming material comprises at least one of photo-induced
polymerization and thermally-induced polymerization.

38. The method of claim 36 wherein the guest phase forming material is a low viscosity
liquid crystal monomer, and wherein at least a portion of the guest phase forming
material is at least partially polymerized after polymerizing at least a portion of the liquid
crystal monomer of the matrix phase forming material.

39. The method of claim 33 wherein matrix phase forming material comprises a liquid
crystal material chosen from liquid crystal monomers, liquid crystal pre-polymers, and
liquid crystal polymers.

40. The method of claim 33 wherein guest phase forming materizal comprises a liguid
crystal material chosen from liquid crystal mesogens, liquid crystal monomers, liguid
crystal pre-polymers, and liquid crysial polymers.

41. The method of claim 33 wherein at least partially ordering at least a portion of the
matrix phase forming material and at least a portion of the guest phase forming material
comprises exposing the portions to at least one of: a magnetic field, an electric field,
linearly polarized infrared radiation, linearly polarized ultraviolet radiation, linearly
polarized visible radiation and a shear force.
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42. The method of claim 33 further comprising imparting an orientation facility to at least
a portion of the optical substrate prior to applying the phase-separating polymer system
on the at least a portion of the optical substrate.

43. The method of claim 42 wherein at least partially ordering at least portion of the
matrix phase forming material and at least portion of the guest phase forming material
comprises at least partially aligning the portions with at least a portion of the orientation
facility.

44. The method of claim 42 wherein the at least partial coating comprising the at least
partially ordered phase-separated polymer has a thickness ranging from 15 to 20
microns, and at least partially aligning at least a portion of the matrix phase forming
material and at least a portion of the guest phase forming material comprises waiting for
less than 30 minutes.

45. A method of making an alignment facility for an optical dye comprising forming a
sheet comprising:
an at least partially ordered liquid crystal polymer having a first general direction; and
an at least partially ordered liquid crystal material having a second general direction
distributed within at least a portion of the at least partially ordered liquid crystal
polymer, wherein the second general direction is generally parallel to the first

general direction.

46. The method of claim 45 wherein forming the sheet comprises:

applying a phase-separating polymer systern on at least a portion of a subsirate,
the phase-separating polymer system comprising a matrix phase forming
materizl comprising a liguid crysizl material and a guest phase forming
material comprising & liguid crystal material;

at least partially ordering at least a portion of the mairix phase forming material
and at least & portion of the guest phase forming materizal such that the at
least partially ordered portion of the matrix phase forming material has at
least a first general direction and the at least partially ordered portion of the
guest phase forming material has at least a second general direction that is
generally parallel to at least the first general direction;

causing at least a portion of the guest phase forming material to separate from at
least a portion of the matrix phase forming material by at least one of
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polymerization induced phase-separation and solvent induced phase-
separation; and
removing the coating from the substrate to form the sheet.

47. The method of claim 45 wherein forming the sheet comprises:
forming a sheet of an at least partially ordered liquid crystal polymer having at
least a first general direction; and
imbibing at least one liquid crystal mesogen into at least a portion of the at least
partially ordered liquid crystal polymer such at least a portion of the at least
one liquid crystal mesogen has at least a second general direction that is
generally parallel to at least the first general direction.

48. The method of claim 45 wherein forming the sheet comprises:

forming a sheet of a liquid crystal polymer;

imbibing a at least one liquid crystal mesogen into at least a portion of the liquid
crystal polymer sheet; and

at least partially ordering at least a portion of the liquid crystal polymer and at
least a portion of the at least one liquid crystal mesogen such that the at least
partially ordered portion of the liquid crystal polymer has at least a first -
general direction and the at least partially ordered portion of the at least one
liquid crystal mesogen has at least a second general direction that is
generally paraliel to at least the first general direction.

49. The method of claim 45 wherein the alignment facility is connected to at least a
portion of an optical substrate by at least one of laminating, fusing, in-mold casting, and
adhesively bonding at least a portion of the sheet to the optical substrate.

50. A method of making an alignment facility comprising an at least partial coating
comprising an interpenatrating polymer network, the method comprising:
imparting an orientation facility on at least a poriion of an optical subsirais;
applying a polymerizable composition and a liquid crystal material on the at least
a portion of the orientation facility;
at least partially aligning at least a portion of the liquid crystal material with at
least a portion of the orientation facility;
at least partiaily sefting at least a portion of the liquid crystal material and at least
a portion of the polymerizable composition.
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51. The method of claim 50 wherein the at least partially setting at least a portion of the
liquid crystal material occurs before at least partially setting at least a portion of the
polymerizable composition.

52. The method of claim 50 wherein the at least partially setting at least a portion of the
liquid crystal material occurs after at least partially setting at least a portion of the
polymerizable composition.

53. The method of claim 50 wherein the at least partially setting at least a portion of the
liquid crystal material occurs at essentially the same time as at least partially setting at
least a portion of the polymerizable composition.

54. The method of claim 50 wherein the polymerizable composition comprises dihydroxy
and isocyanate monomers, and the liquid crystal material is a liquid crystal monomer.

55. The method of claim 54 wherein at least partially setting at least a portion of the
polymerizable composition comprises exposing the portion to thermal energy and at
least partially setting at least a portion of the liquid crystal material comprises exposing
the portion to ultraviolet radiation.

56. An ophthalmic element comprising:
an ophthalmic substrate; and
an alignment facility for an optical dye connected to at least a portion of an
ophthalmic substrate, the alignment facility comprising at least one at least partial
coating comprising an at least partially ordered liquid crystal material having at
least a first general direction.

57. The ophthalmic element of claim 56 the ophthalmic substraie is chosen from
corrective lenses, non-corrective lenses, partially formed lenses, and lens blanks.

58. The ophthalmic element of claim 56 wherein the ophthalmic subsirate is chosen
from untinted, tinted, linearly polarizing, photochromic, or tinted-photochromic ophthalmic
substrates.

59. The ophthalmic element of claim 56 wherein the ophthalmic substrate is an organic

ophthalmic substrate.
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60. The ophthalmic element of claim 56 wherein the at least partially ordered liquid
crystal material has a plurality of regions and each of the piurality of regions has a
general direction that is the same or different from the remaining regions and together

form a design or pattern.

61. The ophthalmic element of claim 56 wherein the alignment facility comprises:

a first at least partial coating connected to at least a portion of the ophthalmic
substrate, the first at least partial coating comprising an at least partially
ordered liquid crystal material having at least a first general direction; and

at least one additional at least partial coating connected to at least a portion of
the first at least partial coating, the at least one additional at least partial
coating comprising an at least partially ordered liquid crystal material having
at least a second general that is generally parallel to at least the first general
direction.

62. The ophthalmic element of claim 61 wherein the first at least partial coating has a
thickness of ranging from 0.5 microns to 20 microns.

63. The ophthaimic element of claim 61 wherein the first at least partial coating has a

thickness of ranging from 0.5 microns to 10 microns.

64. The ophthalmic element of claim 61 wherein the first at least partial coating has a

thickness of ranging from 2 microns to 8 microns.

65. The ophthalmic element of claim 61 wherein the at least one additional at least

partial coating has a thickness ranging from 1 micron to 25 microns.

86. The ophthalmic element of claim 61 wherein the at least one additional af least

partial coating has a thickness ranging from 5 micron to 20 microns.

67. The ophthalmic element of claim 61 wherein the at least one additional at least

partial coating has a thickness greater than 6 microns.

68. The ophthalmic element of claim 61 wherein the at ieast one additional at least

partial coating has a thickness of at least 10 microns.
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69. The ophthalmic element of claim 61 wherein a sum of a thickness of the first at least
partial coating and a thickness of the at least one additional at least partial coating
ranges from 10 microns to 50 microns.

70. The ophthalmic element of claim 61 wherein a sum of a thickness of the first at least
partial coating and a thickness of the at least one additional at least partial coating
ranges from 20 microns to 40 microns.

71. The ophthalmic element of claim 61 wherein the first at least partial coating has a
thickness ranging from 2 microns to 8 microns and the thickness of the at least one
additional at least partial coating ranges from 5 microns to 20 microns.

72. The ophthalmic element of claim 61 wherein a sum of a thickness of the first at least
partial coating and a thickness of the at least one additional at least partial coating

greater than 20 microns.

73. The ophthalmic element of claim 61 wherein a sum of a thickness of the first at least
partial coating and a thickness of the at least one additional at least partial coating is at
least 22 microns.

74. The ophthalmic element of claim 61 wherein the alignment facility comprises a

plurality of additional at least partial coatings.

75. The ophthalmic element of claim 56 further comprising an orientation facility
interposed between at least a portion of the at least one at least partial coating of the
alignment facility and the ophthalmic substrate, the orientation facility comprising an at
least pariial coafing comprising an at least partially ordered alignment medium, wherain
the at least partially ordered alignment medium is chosen from photo-orizntation

materials and rubbed-orientation materials.

76. The ophthalmic element of claim 75 wherein the orientation facility has a plurality of
regions and each of the plurality of regions has a general direction that is the same or
different from the remaining regions and together form a design or pattern.

77. The ophthalmic element of claim 56 wherein an optical dye is in contact with at least

a portion of the alignment facility.
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78. The ophthalmic element of claim 56 wherein at least one at least partial coating of
the alignment facility further comprises at least one additive chosen from: alignment
promoters, kinetic enhancing additives, photoinitiators, thermal initiators, polymerization
inhibitors, solvents, light stabilizers, heat stabilizers, mold release agents, rheology
control agents, leveling agents, free radical scavengers, and adhesion promoters.

79. The ophthalmic element of claim 56 wherein the ophthalmic element further
comprises at least one primer coating between at least a portion of the at least one at
least partial coating of the alignment facility and the ophthalmic substrate.

80. An optical element comprising:
an optical substrate; and
an alignment facility for an optical dye connected to at least a portion of an
optical substrate, the alignment facility comprising an at least partial coating
having a thickness greater than 6 microns and comprising an at least partially
ordered liquid crystal material having at least a first general direction of an
optical element.

81. The optical element of claim 80 wherein the optical element is chosen from
ophthalmic elements, display elements, windows, mirrors, and active and passive liquid
crystal cell elements.

82. The optical element of claim 80 wherein the optical substrate is chosen from
untinted, tinted, linearly polarizing, photochromic, or tinted-photochromic optical
substrates.

83. The opiical elemeni of claim 80 wherein the 2t least partial coating of the alignment
facility has a thickness of at least 10 microns.

84. The optical element of claim 80 wherein the ai least pariial coating of the alignment
facility has a thickness ranging from 50 microns to 1000 microns.

85. The optical element of claim 80 wherein the at least partially ordered liquid crystal
material of the at least partial coating has a plurality of regions and each of the plurality
of regions has a general direction that is the same or different from the remaining
regions and together form a design or pattern.
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86. The optical element of claim 80 wherein an optical dye is in contact with at least a

portion of the at least partially ordered liquid crystal material.

87. The optical element of claim 80 further comprising an orientation facility interposed
between the optical substrate and the at least partial coating of the alignment facility.

88. An alignment facility for an optical dye comprising an at least partial coating
comprising:
a matrix phase comprising a liquid crystal material that is at least partially
ordered in at least a first general direction; and
a guest phase comprising a liquid crystal material having at least a second
general direction distributed within the matrix phase, wherein at least the
second general direction is generally parallel to at least the first general

direction.

89. An optical element comprising:

an optical substrate; and

an alighment facility comprising an at least partial coating connected to at least a
portion of the optical substrate, the at least partial coating comprising a
matrix phase comprising a liquid crystal material that is at least partially
ordered in at least a first general direction, and a guest phase comprising a
liquid crystal material having at least a second general direction distributed
within the matrix phase, wherein at least the second general direction is
generally parallel to at least the first general direction.

90. The optical element of claim 89 wherein the optical element chosen from ophthalmic
elements, display =lements, windows, mirrors, and active and passive liquid crysial cell

elements.
21. The optical element of claim 82 wherein the oplical substrate is chosen from
untinted, finted, linearly polarizing, photochrormic, or tinted-phoiochromic optical

substrates.

92. The optical element of claim 89 wherein the at least partial coating has a thickness

ranging from 1 micron fo 100 microns.
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93. The optical element of claim 89 wherein the at least partial coating has a thickness
ranging from 10 microns to 50 microns.

94. The optical element of claim 89 wherein the at least partial coating has a thickness
ranging from 20 microns to 40 microns.

95. The optical element of claim 89 wherein an orientation facility is interposed between
at least a portion of the at least partial coating of the alignment facility and at least a
portion of the optical substrate.

96. The optical element of claim 95 wherein the orientation facility has a plurality of
regions and each of the plurality of regions has a general direction that is the same or
different from the remaining regions and together form a design or pattern.

97. The optical element of claim 89 wherein an optical dye is in contact with at least a
portion of the alignment facility.

98. An alignment facility for an optical dye comprising a sheet comprising:
an at least partially ordered liquid crystal polymer having at least a first general
direction, and
an at least partially ordered liquid crystal material having at least a second
general direction distributed within at least a portion of the at least partially
ordered liquid crystal polymer, wherein at least the second general direction
is generally parallel to at least the first general direction.

99. An optical element comprising:
an opfical subsirate; and
an alignment facility for an optical dye connected to at least a portion of the
optical substrate, the alignment facility comprising a sheet comprising:
an at least partially ordered liquid crystal polymer having at least a first
general direction, and
an at least partially ordered liquid crystal material having at least a
second general direction distributed within at least a portion of the
at least partially ordered liquid crystal polymer, wherein at least the
second general direction is generally parallel to at least the first
general direction.
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100. The optical element of claim 99 wherein the optical element chosen from
ophthalmic elements, display elements, windows, mirrors, and active and passive liquid

crystal cell elements.

101. The optical element of claim 99 wherein an optical dye is in contact with at least a

portion of the alignment facility.

102. An alignment facility for an optical dye comprising an at least partial coating
comprising interpenetrating polymer network comprising a polymer and an at least
partially ordered liquid crystal material having at least a first general direction.

103. An optical element comprising:
an optical substrate; and
an alignment facility for an optical dye connected to at least a portion of the
optical substrate, the alignment facility comprising an at least partial coating
comprising an interpenetrating polymer network comprising a polymer and an
at least partially ordered liquid crystal material having at least a first general

direction.

104. The optical element of claim 103 wherein the optical element is chosen from
ophthalmic elements, display elements, windows, mirrors, and active and passive liquid
crystal cell elements.

105. The optical element of claim 103 wherein the optical substrate is chosen from
untinted, tinted, linearly polarizing, photochromic, or tinted-photochromic optical

substrates.

106. The optical element of claim 103 wherein ain optical dye is in coniact with at least a

portion of the alignment facility.
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