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Description
BACKGROUND

[0001] The presentdisclosure generally relates to methods of preparing customized optical elements, and in particular
customized ophthalmic elements, coating compositions for customized optical elements and customized optical elements
made using the same. For example, various non-limiting embodiments disclosed herein relate to customized ophthalmic
elements and methods of forming customized ophthalmic elements using thousands of points of refraction data (or
"prescription information") obtained from a patient’s eyes using a wavefront aberrometer. More particularly, certain non-
limiting embodiments relate to methods of forming customized ophthalmic elements using a variable index-coating into
which index-change information has been written and customized ophthalmic elements so made.

[0002] The advent of wavefront aberrometer technology, which maps the optics of the eye over many thousands of
points, has allowed for the development of new vision correction technologies that can utilize this digital prescription
information. See, for example, U.S. Patent Nos. 6,813,082, U.S. 6,781,681, U.S. 6,761,454 & WO 02/28272 which
generally disclose systems and methods for using wavefront sensing to determine the objective refraction of a human
eye. Until recently, the higher order aberrations could not be measured via conventional refraction equipment. However,
commercial refractometers using wavefront aberrometer technology to measure higher order aberrations have been
developed, and are now commonly used, for example, to guide laser eye surgery.

[0003] A wavefront aberrometer works by using a laser beam, or other light source, to generate a well defined, ordered
array of light and dark points. The array of light and dark points is then directed into the patient’s eye, and the reflected
beam that has been distorted by all optical components of the eye is detected by a wavefront analyzer (a position
sensitive device), which digitally maps out these distortions. The distorted array obtained from the patient’s eye is
compared to a distortion-free array (i.e., one that would be produced by a perfect lens). Using well-defined mathematics
(Zernike polynomials), the position of each point in the array is located and the deviations of each point from that of a
distortion-free array are calculated. Since these deviations provide information regarding the higher order aberrations
of the patient’s eye, using the deviation information, a prescription necessary to correct for higher order aberrations can
be calculated.

[0004] Typical ophthalmic lenses, however, correct only for low order aberration such as tilt (prism), defocus (sphere),
and astigmatism (cylinder). Higher order aberrations, such as coma, trefoil and secondary astigmatism, are usually not
corrected since these aberrations tend to be patient-specific and current large-scale manufacturing techniques for oph-
thalmic lenses (such as casting and surfacing) are not well-suited to handle the required customization. Higher order
aberrations are thought to correspond to about 20% of the vision correction required by most people. By correcting these
higher order vision aberrations, better than 20/20 vision correction (or "supervision") may be achievable.

WO 2004/015481 describes a method of manufacturing a lens comprising the step of applying radiation to a resin layer
comprising liquid crystals arranged on a transparent cover in order to provide a variable index of refraction.

WO 00/77559 describes a method of fabricating a lens with variable transparency in which a liquid crystal layer is applied
to an alignment substrate and in which mesogens are allowed to align with the alignment layer.

[0005] Accordingly, it would be advantageous to provide customized ophthalmic elements, which may be used to
correct a variety of vision deficiencies, and methods of forming the same. Further, it would be advantageous to provide
a method of forming a customized ophthalmic element by customizing a standard ophthalmic substrate, such as a
standard single or multi-vision lens, a contact lens or lens blank, to create a customized lens that corrects higher order
aberration(s). Still further, it would be advantageous to provide methods of forming customized ophthalmic elements
that may be used to convert a standard ophthalmic substrate into a bi-focal, tri-focal or multi-focal lens, with or without
higher order aberration correction.

BRIEF SUMMARY OF THE DRAWINGS
[0006] Aspects ofthe presentdisclosure may be better understood when read in conjunction with the drawings in which:

Fig. 1 is a schematic, cross-sectional view of an overmolding assembly that may be used in accordance with one
non-limiting embodiment disclosed herein; and

Fig. 2 is a schematic illustration showing both a smooth-faced bifocal lens according to one non-limiting embodiment
of the invention and a conventional bifocal lens.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to a method for making a customized lens comprising:
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- applying an alignment layer onto a surface of an ophthalmic substrate;

- writing index-change information to the alignment layer to form a pattern;

- applying a customizable material comprising a liquid crystal material onto the patterned alignment layer such that
the alignment layer is interposed between and connected to each of the substrate surface and the customizable
material

- allowing at least a portion of the liquid crystal mesogens of the liquid crystal material to align with the alignment
layer thereby forming a variable index layer

Furthermore the present invention is directed to a customized ophthalmic element comprising

- an ophthalmic substrate;

- analignment layer connected to the ophthalmic substrate and a

- variable-index layer comprising a liquid crystal material connected to the alignment layer wherein at least a portion
of the liquid crystal material of the variable-index layer is aligned with at least a portion of the alignment material.

[0008] Also provided is an ophthalmic element comprising a pair of complementary ophthalmic substrates, each of
the substrates having a complementary surface, the pair of complementary ophthalmic substrates being positioned such
that their complementary surfaces that are spaced apart and facing each other, an alignment layer comprising an at
least partial coating of a patterned alignment material connected to at least of portion of at least one of the complementary
surfaces of the pair of ophthalmic substrates, and a variable-index coating comprising a liquid crystal material that is
interposed between the pair of ophthalmic substrates. At least a portion of the liquid crystal material of the variable-index
coating is aligned with at least a portion of the patterned alignment material.

DETAILED DESCRIPTION OF VARIOUS NON-LIMITING EMBODIMENTS OF THE INVENTION

[0009] As used in this specification and the appended claims, the singular forms "a," "an," and "the" include plural
referents unless expressly and unequivocally limited to one referent. For the purposes of this specification, unless
otherwise indicated, all numbers expressing quantities of ingredients, reaction conditions, and so forth used in the
specification and claims are to be understood as being modified in all instances by the term "about." Accordingly, unless
indicated to the contrary, the numerical parameters set forth in the following specification are approximations that may
vary depending upon the desired properties sought to be obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents, each numerical parameter should at least be construed
in light of the number of reported significant digits and by applying ordinary rounding techniques.

[0010] All numerical ranges herein include all numerical values and ranges of all numerical values within the recited
numerical ranges. Notwithstanding that the numerical ranges and parameters setting forth the broad scope of the invention
are approximations, the numerical values set forth in the specific examples are reported as precisely as possible.
However, it should be appreciated that any numerical value, inherently contains certain errors necessarily resulting from
the standard deviation found in their respective testing measurements.

[0011] The present disclosure describes several different features and aspects of the invention with reference to
various exemplary embodiments. It is understood, however, that the invention embraces numerous alternative embod-
iments, which may be accomplished by combining any of the different features, aspects, and embodiments described
herein in any combination that one of ordinary skill in the art would find useful. Various non-limiting embodiments disclosed
herein provide a method of making a customized lens comprising applying a customizable material onto the surface of
a ophthalmic substrate (e.g., a standard lens or lens blank), and "writing" index-change information based on prescription
information obtained from a patient’s eye to the customizable material to create a variable-index layer. The variable-
index layer may correct for higher order aberrations and/or may provide for multiple focal points within the ophthalmic
substrate (e.g., bi-focal, tri-focal or multi-focal lenses). After forming the variable-index layer, the layer may be at least
partially set to "lock in" the index-change information. Optionally, one or more protective coatings may be applied over
the variable-index coating and at least partially set. The variable-index layer can be in the form of a coating or in the
form of a film or sheet, as discussed below.

[0012] As used herein, the following terms have the following meanings. The term "ophthalmic" means pertaining to
or associated with the eye and vision. 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,
intraocular lenses, magnifying lenses, and protective lenses or visors. The term "ophthalmic substrate" means a com-
ponent useful in forming an ophthalmic element. The term "customizable material" means a substance that can be
modified or adapted to display variations in refractive index. The term "index-change information" means data related
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to positional variations in refractive index. The terms "write", "writing", "written" or terms of like import refer to the transfer
of information. Further "writing" may involve the direct transfer of information from one medium to another or it may
involve the indirect transfer of information through some intermediate channel or medium. For example, although not
limiting herein, according to one non-limiting embodiment, index-change information may be transferred (i.e., written)
directly from a wavefront aberrometer (or other memory device in which such information is stored) into the customizable
material that is applied to the surface of the ophthalmic substrate. Alternatively, according to another non-limiting em-
bodiment disclosed herein, index-change information may be transferred (i.e., written) from a wavefront aberrometer
(or other memory device in which such information is stored) into an alignment material that is applied to the surface of
an ophthalmic substrate or mold, and thereafter the index-change information may be transferred (i.e., written) from the
alignment material to the customizable material that is applied over the alignment material. As used herein to modify
the terms coating, film or sheet, the term "variable-index" means displaying variations in refractive index. Thus, a "variable-
index coating" is a coating that displays variations in refractive index. The terms "set" and "setting" (and like terms)
include, without limitation, curing, polymerizing, cross-linking, cooling, and drying (which may included removal of water
or another solvent).
[0013] According to various non-limiting embodiments disclosed herein, the ophthalmic substrate may be a standard
ophthalmic lens substrate, for example, a stock semi-finished single vision or finished single vision lens made from glass
or a polymer, such as polycarbonate or CR-39® monomer, and may further comprise one or more coatings, such as but
not limited to, abrasion resistant coatings, tie-layer coatings, tinted coatings, anti-reflective coatings, polarizing coatings,
photochromic coatings, and primer coatings on a surface thereof. According to other non-limiting embodiments, the
ophthalmic substrate may be a lens blank or a semi-finished or finished multi-vision lens. According to still other non-
limiting embodiments, the ophthalmic substrate may be a contact lens, for example, a contact lens formed from hydrox-
yethylmethacrylate (or "HEMA"). Further, as discussed below in more detail, according to certain non-limiting embodi-
ments disclosed herein, the ophthalmic substrate may be a pre-formed substrate that is formed prior to customization,
or the ophthalmic substrate may be customized when it is formed.
[0014] Asdiscussed above index-change information is written to a customizable material. The customizable material
comprises a liquid crystal material (i.e., a material comprising at least one liquid crystal mesogen) at least a portion of
which is capable of being ordered. As used herein the term "order" means bring into a suitable arrangement or position,
such as 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 by 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. As used herein the term "align" means to bring into
suitable arrangement or position by interaction with another material, compound or structure.
[0015] Examples ofliquid crystal materials that are suitable for use in connection with various non-limiting embodiments
disclosed herein include, without limitation, mono- as well as multi-functional liquid crystal monomers, oligomers (i.e.,
materials containing from 2 to 10 repeat units) or polymers (i.e., materials containing more than 10 repeat units). See
for example, Paul Hiemenz, Polymer Chemistry, Dekker (1984) at page 7. Although not required, the liquid crystal
monomers, oligomers or polymers may be cross-linkable liquid crystal monomers, oligomers or polymers, and further
may be photo cross-linkable liquid crystal monomers, oligomers or polymers. Non-limiting examples of cross-linkable
liquid crystal monomers, oligomers or polymers suitable for use include liquid crystal monomers, oligomers or polymers
having functional groups comprising acrylate, methacrylate, allyl, allyl ethers, alkynes, amino, melamines, anhydrides,
epoxy, hydroxyl, isocyanates, blocked isocyanates, siloxanes, thiocyanates, thiols, urea, vinyl, vinyl ether, acid, ester,
hydrosilanes, mixtures thereof, or combinations thereof.
[0016] Liquid crystal mesogens are known to have refractive indices that vary with respect to their long axes. However,
while a single liquid crystal mesogen displays refractive index anisotropy, if the mesogens of the liquid crystal material
are not suitably positioned or arranged, no net refractive index change will be observed for the liquid crystal material as
a whole. That is, due to the random positioning of the mesogens of the liquid crystal material, no net or overall change
in refractive index of the liquid crystal material as a whole will be observed. Therefore, it is generally necessary to suitably
position or arrange the mesogens of the liquid crystal material in order to achieve the desired change in refractive index
("An") within the liquid crystal material as a whole. However, it should be appreciated that in order to achieve the desired
overall refractive index change within a liquid crystal material or portion thereof, itis not necessary that all of the mesogens
of the liquid crystal material or portion thereof be aligned or ordered in exactly the same direction, and that variations in
positioning of the individual mesogens is permissible and may occur provided that the desired optical properties are
achieved within the liquid crystal material or portion thereof.
[0017] Typical liquid crystal materials have an An value that varies from 0.01 to 0.3. Liquid crystal materials with an
An ranging greater than 0.3 to 0.7 are known in the literature and can be synthesized. Liquid crystal materials having
An values greater than 0.7 to 1.0 or more are theoretically possible and include liquid crystal materials containing liquid
crystal mesogens having a highly polarizable electron density (i.e., materials with a high electronic polarizability). Liquid
crystal materials suitable for use in the present invention can have An values ranging between any of the above-recited




EP 1 934 649 B9

values, including the recited values. For example, suitable liquid crystal materials can have An values ranging from 0.01
to 1.0.

[0018] Non-limiting examples of suitable liquid crystal materials include liquid crystal materials (i.e., monomers, oli-
gomers, and/or polymers) represented by:

L- [81]W-[A1-[82]X ]X’ '[AZ '[83]y ]y‘ '[A3 '[8412 ]z"SS'L

wherein:

15

20

25

30

35

40

45

50

55

(a) each A4, A,, and A is independently chosen for each occurrence from

(i) -C=C-; and

(ii) divalent group, said divalent group being an unsubstituted or a substituted aromatic group, an unsubstituted
or a substituted alicyclic group, an unsubstituted or a substituted heterocyclic group or a mixture thereof, wherein
the aromatic, alicyclic, and heterocyclic substituents are independently halogen, C4-C,4 alkoxy, poly(C4-C4g
alkoxy), amino, amino(C4-C,g)alkylene, C4-C,g alkylamino, di-(C4-C,g)alkylamino, C4-Cg alkyl, C,-Cg alkene,
C,-C,g alkyne, C4-C,galkyl(C4-C,g)alkoxy, C4-Cg alkoxycarbonyl, C4-C4g alkylcarbonyl, carbonate, acetyl,
C3-C4g cycloalkyl, C5-C4( cycloalkoxy, isocyanato, amido, cyano, nitro, a straight-chain or branched C4-Cyq
alkyl group that is mono-substituted with cyano, halo or C4-C,g alkoxy or that is poly-substituted with halo, or
a group represented by the following formulae:

-M(T)(t1)
-M(OT) (1

wherein M is aluminum, antimony, tantalum, titanium, zirconium or silicon, T is an organofunctional radical, an
organofunctional hydrocarbon radical, an aliphatic hydrocarbon radical or an aromatic hydrocarbon radical, and
t is the valence of M;

(b) w, x, y, and z are each independently 0, 1, 2, 3 or 4;

(c)each S4, Sy, 83, Sy, and S; is independently chosen for each occurrence from a spacer unit chosen from a single
bond, -(CHy)., - (CF,),-, -Si(CHy),-, ~(Si[(CH3),]0),-, -O-, -CO-, -NR'-,-CR’=R’-, -C-C-, -N=N-, a straight-chain or
branched C,-C,, alkylene residue, said C4-C,, alkylene residue being unsubstituted, mono-substituted by cyano
or halo or poly-substituted by halo, "r" ranges from 1 to 20 (inclusive), "p" is a whole number ranging from 1 to 16
(inclusive); each R’ is independently chosen from hydrogen, C4-Cgq alkyl, cycloalkyl and aryl; provided that when
two spacer units comprising heteroatoms are linked together the spacer units are link so that heteroatoms are not

directly linked to each other,

(d) each L is independently hydrogen, halogen, carboxyl, hydroxy, aryl, alkyl, alkoxy, amine, analkylamino, alkyla-
Ikoxy, alkoxyalkoxy, polyalkyl ether, (C4-Cg)alkyl(C4-Cg)alkoxy(C4-Cg)alkyl, polyethyleneoxy,

polypropyleneoxy, ethylene, acrylate, methacrylate, 2-chloroacrylate, 2-phenylacrylate, acryloylphenylene, acryla-
mide, methacrylamide, 2-chloroacrylamide, 2-phenylacrylamide, epoxy, isocyanate, thioisocyanate, itaconic acid
ester, vinyl ether, vinyl ester, a styrene derivative, oxetane, succinamide, siloxane, an ethyleneimine derivative, a
maleic acid derivative, a fumaric acid derivative, an unsubstituted cinnamic acid derivative, a cinnamic acid derivative
that is substituted with one or more substituents chosen from methyl, methoxy, cyano and halogen, or a substituted
or unsubstituted chiral or non-chiral monovalent or divalent group, said chiral or non-chiral group being a steroid
radical, a terpenoid radical, an alkaloid radical or a mixture thereof, provided that if the chiral or non-chiral group is
substituted, at least one substituent is an alkyl group having an optically active group, an alkoxy group, an amino
group, a cycloalkyl group, an alkylalkoxy group, a fluoroalkyl group, a cyanoalkyl group, a cyanoalkoxy group or a
mixture thereof; and

(e) X', y’ and z’ are each independently O, 1, 2, 3 or 4.

[0019] Some specific non-limiting examples of liquid crystal materials that may provide An values ranging from greater
than 0.3 to 0.7 include liquid crystal materials represented by:
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m:m

wherein R1 and R2 are groups represented by [S]-L and L-[S] respectively, wherein "L" is as defined above and each
"S" may be independently selected from the groups set forth above for S;-Ss.

[0020] One method of ordering the mesogens of a liquid crystal material to obtain a homogenous (planar), homeotropic
(vertical) and/or tilted arrangement of the mesogens is surface-induced alignment. For example, liquid crystal monomers
(i.e., monomers containing at least one liquid crystal mesogen) can align with a pattern written to an alignment layer
with which the liquid crystal monomer is in contact. A field-induced orientation process (e.g., using an electrical or
magnetic field) and/or a photo-induced orientation processes (e.g., using electromagnetic radiation) may be used to
order liquid crystal mesogens in a variety of patterns, with the use of an alignment layer.

[0021] According to various non-limiting embodiments disclosed herein, the alignment layer may induce homogeneous
alignment of a liquid crystal material that is in contact therewith, homeotropic alignment of a liquid crystal material that
is in contact therewith, tilted alignment of a liquid crystal material that is in contact therewith or a mixture thereof. For
example, the alignment layer according to various non-limiting embodiments disclosed herein may comprise one or
more discrete regions wherein homogeneous alignment is induced, one or more discrete regions wherein homeotropic
alignment is induced, and one or more discrete regions of wherein tilted alignment is induced.

[0022] As used herein the terms "homogeneous arrangement” and "homogeneous alignment" refer to positioning of
a liquid crystal material on a surface such that the tilt angle of the liquid crystal material is approximately 0° (including
complementary angles thereof). As used herein the term "ilt angle" refers to the average angle formed between the
major or long axes of the liquid crystal mesogens of the liquid crystal material and the plane of a surface on which they
are ordered. Thus, a homogeneous alignment layer can induce homogeneous alignment of a liquid crystal material that
is in contact therewith.

[0023] As used herein the terms "homeotropic arrangement" and "homeotropic alignment” refers to positioning of a
liquid crystal material on a surface such that the tilt angle of the liquid crystal material is approximately 90° (including
complementary angles thereof). Thus, a homeotropically aligned liquid crystal material is a liquid crystal material having
an essentially vertical arrangement of mesogens with respect to an alignment surface or layer.

[0024] Further, as used herein the term "tilted arrangement" and "tilted alignment" refers to positioning of a liquid
crystal material on a surface such that the tilt angle of the liquid crystal material ranges from greater than 0° to less than
90° (including complementary angles thereof).

[0025] Non-limiting examples of alignment materials that can be used to form alignment layers according to various
non-limiting embodiments disclosed herein include, but are not limited surfactants, such as alkyl quaternary ammonium
salts, L- a-phophatidylocholine (commonly known as "lecithin"), octadecyltriethoxysilane ("ODSE"), high-tilt angle poly-
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imide materials, Langmuir-Blodgett films, deposited oxides, rubbed-orientation materials and photo-orientation materials.
As used herein the term "photo-orientation material" means a material that is capable of being ordered using radiation.
Non-limiting examples of photo-orientation materials that may be used in connection with various non-limiting embodi-
ments disclosed herein include photo-orientable polymer networks. Specific non-limiting examples of photo-orientable
polymer networks include azobenzene derivatives, cinnamic acid derivatives, coumarine derivatives, ferulic acid deriv-
atives and polyimides. Specific non-limiting examples of cinnamic acid derivatives that may be used include polyvinyl
cinnamate and polyvinyl esters of paramethoxy cinnamic acid. As used herein the term "rubbed-orientation material"
refers to a material that is capable of being ordered by rubbing or by another suitable mechanical process (such as, but
not limited to, nano- or micro-lithographic techniques). For example, although not limiting herein, in one non-limiting
embodiment, the rubbed-orientation material may be rubbed with a suitably textured cloth, a velvet brush, a spinning
ball or stylus. Non-limiting examples of rubbed-orientation materials may be used to form an alignment layer according
to various non-limiting embodiments disclosed herein include surfactants, polyimides, polysiloxanes, polyacrylates, pol-
yvinyl alcohols, and polycoumarines. For example, according to one non-limiting embodiment, the rubbed-orientation
material may be polyimide that has been rubbed with velvet or a cloth so as to write the desired pattern on at least a
portion of the surface of the polyimide.

[0026] Accordingto one non-limitingembodimentwherein the customizable material comprises a liquid crystal material,
index-change information may be written to the liquid crystal material by surface-induced alignment using an alignment
layer formed from a photo-orientation material. For example, according to this non-limiting embodiment, a photo-orien-
tation material may be applied on surface of an ophthalmic substrate and either sequentially or simultaneously ordered
and cross-linked by scanning a polarized light over the photo-orientation material to write the index-change information
the photo-orientation material. By varying the incident angle of the polarization light with respect to the surface of the
ophthalmic substrate in discrete regions or spots on the surface, the orientation of the photo-orientation material can be
altered in those regions or spots. The specific spots on the ophthalmic substrate and the incident angles to be used are
determined by the pattern calculated from the aberrometer measurements and are based on the prescription information
obtained from the patient’s eye. Non-limiting examples of polarized light that may be used to write index-change infor-
mation to a photo-orientation material according to various non-limiting embodiments disclosed herein include use of
UV light, visible light, infrared light and combinations thereof. For example, according to one non-limiting embodiment,
the polarized light source may be a polarized UV light source. According to another non-limiting embodiment, the polarized
light source may be a polarized infrared laser. Further according to various non-limiting embodiments, index-change
information may be written to the photo-orientation material using a polarized electron beam.

[0027] According to another non-limiting embodiment wherein the customizable material comprises a liquid crystal
material, index-change information may be written to the liquid crystal material by surface-induced alignment using an
alignment layer formed from an alignment material that has been selectively exposed to electromagnetic radiation of
varying energies. For example, according to one non-limiting embodiment, an alignment material, such as, but not limited
to, polyimide, may be applied to the surface of an ophthalmic substrate and an electromagnetic radiation source can be
scanned over the alignment material to write the index-change information to the alignment material. According to this
non-limiting embodiment, by varying the energy of the electromagnetic radiation source with respect to the surface of
the ophthalmic substrate in discrete regions or spots on the surface, the degree of polymerization of the polyimide can
be altered in those regions or spots, for example by locally forming and/or breaking bonds within the polyimide. Since
the orientation of the polyimide molecules in a particular region or spot is related to the degree of polymerization of the
polyimide in that region or spot, by selectively altering the degree of polymerization in this manner, index-change infor-
mation can be transferred to the alignment material. The specific spots on the ophthalmic substrate and the energies
employed are determined based on the pattern calculated from the aberrometer measurements, which as previously
discussed, is based on the prescription information obtained from the patient’s eye.

[0028] According another non-limiting embodiment, an alignment layer comprising a surfactant may be applied to the
surface of an ophthalmic substrate and an electromagnetic radiation source can be scanned over the alignment material
to write the index-change information to the alignment material. According to this embodiment, by varying the energy of
the electromagnetic radiation source with respect to the surface of the ophthalmic substrate in discrete regions or spots
on the surface, the amount of surfactant present at or near the surface of the alignment layer can be locally altered.
Since alignment of the liquid crystal material applied to the alignment layer will depend, in part, upon the amount of
surfactant present at or near the surface of the alignment layer, by locally varying the amount of surfactant present at
or near the surface of the alignment layer in this manner, index-change information can be written to the alignment layer.
As discussed above, the specific spots on the ophthalmic substrate and the energies employed are determined based
on the pattern calculated from the aberrometer measurements, which in turn is based on the prescription information
obtained from the patient’s eye.

[0029] After writing the index-change information to the alignment material of the alignment layer, a liquid crystal
material is applied onto the patterned alignment layer and at least a portion of the liquid crystal mesogens of the liquid
crystal material is allowed to align with the alignment layer. In this manner, the index-change information that was written
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to the alignment material can be transferred (i.e., written) to the liquid crystal material to create the variable-index coating.
After alignment of the liquid crystal material, a setting step may be implemented to lock the liquid crystal alignment in
place, for example, by curing, polymerizing, cross-linking, cooling or drying the material as appropriate.

[0030] As previously discussed, optionally, a protective coating, such as an abrasion resistant coating may be applied
over the variable-index coating. Further, if necessary or desired, a protective tie-layer that provides a hardness gradient
between the variable-index coating and the abrasion resistant coating may be applied over the variable-index coating
prior to application of the abrasion resistant coating. Further, according to various non-limiting embodiments disclosed
herein a second substrate (which may be the same or different from the original substrate) may be positioned over the
variable-index coating to form a "sandwich" or "cell" structure. For example, although not limiting herein, a second
substrate may be laminated to the original substrate using heat and/or pressure such that the variable-index coating is
positioned between the two substrates.

[0031] According to various non-limiting embodiments disclosed herein, in addition to the variable-index coating, one
or more of the following coatings may be applied to the ophthalmic substrates either before or after forming the variable-
index coating on the substrate: anti-reflective coatings, UV absorbing coatings, polarizing coatings, abrasion resistant
coatings, tie-layer coatings, tinted coatings, and photochromic coatings. Additionally or alternatively, the variable-index
coating may itself comprise one or more additives, such as refractive index enhancing additives, tilt control additives,
alignment promoters, adhesion promoters, surfactants (e.g., leveling agents and wetting agents), photochromic dyes,
dichroic dyes, color dyes, anti-reflective additives, UV absorbers and other light stabilizers, in addition to the customizable
material.

[0032] Suitable methods of applying materials to form coatings according to various non-limiting embodiments dis-
closed herein include, without limitation, spin coating (including both single and multi-layer spin coating), dip coating,
in-mold casting and overmolding.

[0033] According to one non-limiting embodiment the variable-index coating may be formed on a substrate by over-
molding. Referring now to Fig.1, according to this non-limiting embodiment, a photo-orientation material may be applied
to a surface 110 of an ophthalmic substrate 112 (for example a lens or lens blank), by spin coating or other suitable
coating method, and either sequentially or simultaneously ordered and cross-linked by scanning a polarized light over
the photo-orientation material to create a patterned alignment layer 113 on the surface of the substrate. As previously
discussed, by varying the incident angle of the polarization light with respect to the surface of the ophthalmic substrate
in discrete regions or spots on the surface, the orientation of the photo-orientation material can be altered in those regions
or spots. The specific spots on the substrate and the polarization angles to be used are determined by the pattern
calculated from the aberrometer measurements and are based on the prescription information obtained from the patient’s
eye.

[0034] Thereafter, the substrate 112 may be placed adjacent to a mold 116, which may be formed from a material
that is transparent to certain wavelengths of electromagnetic radiation, such that at least portion of the alignment layer
113 on surface 110 of ophthalmic substrate 112 is adjacent a surface 114 of mold 116 to define a molding region 117.
Surface 114 of mold 116 may be concave or spherically negative (as shown), or it may have another configuration as
required to produce the desired coating profile. Further, although not required, a gasket or spacer 115 may be placed
between substrate 112 and mold 116. After positioning substrate 112, a customizable material 118 may be introduced
into molding region 117 such that at least a portion of material 118 is caused to flow between substrate 112 and mold
116. At least a portion of material 118 may then be allowed to align with alignment layer 113 to write the index-change
information from alignment layer 113 into material 118 to form a variable-index coating. Thereafter, material 118 may
be at least partially set to lock in the index-change information. After setting material 118, substrate 112 comprising the
variable-index coating may be removed from the mold.

[0035] Although not shown in Fig. 1, in addition to forming an alignment layer on the surface of the substrate, an
alignment layer may be formed on the surface of the mold. For example, a photo-orientation material may be applied to
the mold surface and patterned (as previously described) to form an alignment layer. Thereafter, the variable index
coating may be formed by introducing the customizable material into the molding region and allowing the material to
align with the alignment layer on the mold, and if present, the alignment layer on the substrate.

[0036] Alternatively, overmolding may include introducing a customizable material onto the surface of mold prior to
placing at least a portion of surface of a substrate adjacent thereto, such that at least a portion of surface of the substrate
contacts at least a portion of the customizable material causing the material to flow between the two surfaces. The
customizable material may then be allowed to align with an alignment layer on the mold and/or an alignment layer on
the substrate to form a variable-index coating. Thereafter, the customizable material may be at least partially set to lock
in the index-change information. After setting the customizable material, the substrate comprising the variable-index
coating may be removed from the mold.

[0037] According to another non-limiting embodiment, an ophthalmic substrate having a variable-index coating may
be formed by in-mold casting. According to this non-limiting embodiment, an alignment layer containing index-change
information may be formed on the surface of a mold, for example, as described above with respect to the overmolding
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process. Thereafter, a customizable material may be applied to the alignment layer on the surface of a mold, aligned
with the alignment layer to form a variable-index coating, and the material may be at least partially set to lock in the
index change information. Thereafter, a polymer solution or melt, or oligomeric or monomeric solution or mixture may
be cast in the mold over the variable-index coating, and at least partially set to form the ophthalmic substrate. After
setting, the substrate with the variable-index coating may be removed from the mold.

[0038] According to stillanother non-limiting embodiment, an ophthalmic substrate comprising a variable-index coating
may be formed between two substrates. According to this non-limiting embodiment, a pair of complementary ophthalmic
substrates is formed such that a surface of a first substrate has a curvature complementary to the curvature of a surface
of the second substrate. An alignment layer containing index-change information is then formed on either or both of the
complementary surfaces. Thereafter, the two substrates are placed together such that their complementary surfaces
are facing each other but spaced apart to form a gap between the two surfaces. A customizable material is then introduced
into the gap and allowed to align with the alignment layer(s) on the surface(s) to form a variable-index coating. If necessary
or desired, spacers may be provided between the substrates so as to ensure the desired gap size and variable-index
coating thickness is achieved. Further, if necessary or desired, prior to introducing the customizable material into the
gap, an adhesive material may be applied about the perimeter of the complementary substrates provided that at least
one opening through which the customizable material may be introduced remains. Thereafter, the customizable material
may be at least partially set to lock in the index-change information. Optionally, a sealant may be applied to the edges
of the substrates before or after setting the customizable material to form a seal.

[0039] Alternatively, according to another non-limiting embodiment, the customizable material may be introduced onto
one of the complementary surfaces prior to placing the substrates together. According to this non-limiting embodiment,
at least one of the complementary surfaces comprises an alignment layer containing index-change information, and
when the substrates are placed together, the customizable material is caused to flow between the complementary
surfaces. Thereafter, the customizable material may be aligned with a least a portion of the alignment layer as discussed
above. If necessary or desired, spacers or a gasket may be provided between the substrates so as to ensure the desired
variable-index coating thickness is achieved. For example, transparent micro-beads spacers having a desired diameter
may be incorporated into the customizable material prior to or after applying the material to the surface of the substrate
and before placing the two substrates together. After alignment, the customizable material may be at least partially set
to lock in the index-change information. Optionally, a sealant may be applied to the perimeter of the substrates before
or after setting the customizable material to form a seal.

[0040] Further, according to various non-limiting embodiments, variable-index film or sheet may be formed and sub-
sequently applied to the substrate, for example, by lamination (with or without the use of an adhesive). For example,
according to one non-limiting embodiment, variable-index film or sheet may be formed and thereafter applied to a
substrate. According to this non-limiting embodiment, a coating of an alignment material may be applied to a sacrificial
substrate or transfer sheet and index-change information may be written to the alignment material as previously described.
Thereatfter, a liquid crystal material may be applied to the alignment material and allowed to align with alignment material
to form a variable-index film or sheet. This film or sheet may then be applied, for example, to an ophthalmic substrate
to form a customized ophthalmic element.

[0041] According to still other non-limiting embodiments, a variable-index sheet or film can be formed as discussed
above and thereafter formed into an ophthalmic element, such as contact lens.

[0042] Although not limiting herein, it is contemplated by the inventors that techniques such as overmolding, in-mold
casting, forming between substrates and lamination may allow for the formation of thick variable-index layers (for example
a variable-index coating, sheet or film) on a substrate, and may therefore be well-suited for applications wherein thick
layers, for example layers greater than 30 microns, greater than 50 microns, or layers on the order of 100 microns or
more, are preferred.

[0043] According to various non-limiting embodiments disclosed herein, the variable-index coating may be applied to
a single face of the ophthalmic substrate. According to other non-limiting embodiments disclosed herein, a variable-
index coating may be applied to both faces of the ophthalmic substrate. Although not limiting herein, it is contemplated
that utilization of both faces of the ophthalmic substrate may allow a greater thickness in which to write index-change
information, thereby permitting manufacture of a wider variety of customized elements.

[0044] Other non-limiting embodiments disclosed herein provide a customized ophthalmic element comprising an
ophthalmic substrate and an variable-index coating comprising a liquid crystal material that has well defined variations
in refractive index meeting customer specific lens prescription needs connected to the ophthalmic substrate. According
to one non-limiting embodiment, the variable-index coating may be an at least partial coating adapted to contain variations
in refractive index throughout the coating configured to eliminate higher order aberrations. According to another non-
limiting embodiment, the variable-index coating may contain variations in focal points that are configured to produce a
smooth-faced bifocal lens or a progressive addition lens. For example, as shown in Fig. 2, the liquid crystal material
may be patterned to create a smooth-faced bifocal lens (left) that is functionally equivalent to the conventional bifocal
lens shown (right). According to still another non-limiting embodiment, the variable-index coating may be an at least
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partial coating adapted to contain variations in refractive index designed to eliminate higher order aberrations and to
produce a smooth-faced bifocal or a progressive addition lens.

[0045] Another non-limiting embodiment provides a customized ophthalmic element comprising an ophthalmic sub-
strate and a variable-index layer, e.g., a coating, comprising a liquid crystal material connected to at least a portion of
the substrate. According to this non-limiting embodiment, the ophthalmic element further comprises an alignment layer
that is interposed between and connected to each of the ophthalmic substrate and the variable-index layer, e.g., a
coating. Further, according to this non-limiting embodiment, the ophthalmic substrate may be a single or multi-vision
lens or a contact lens. As used herein the term "connected to" means in direct contact with an object, such as an
ophthalmic substrate, or indirect contact with an object through one or more other structures or materials, or layers, at
least one of which is in direct contact with the object. Thus, according to various non-limiting embodiments disclosed
herein, the variable-index layer or coating can be in direct contact with at least a portion of the substrate or it can be in
indirect contact with at least a portion of the substrate through one or more other structures or materials. For example,
although not limiting herein, the variable-index coating can be in contact with one or more other at least partial layers,
coatings, sheets or films, or combinations thereof, at least one of which is in direct contact with at least a portion of the
substrate.

[0046] Another non-limiting embodiment provides a customized ophthalmic element comprising an ophthalmic sub-
strate and a variable-index layer in the form of a sheet or film comprising a liquid crystal material connected to at least
a portion of the substrate. According to this non-limiting embodiment, the ophthalmic element further comprises an
alignment layer that is interposed between and connected to each of the ophthalmic substrate and the variable-index
sheet or film. Further, according to this non-limiting embodiment, the ophthalmic substrate may be a single or multi-
vision lens or a contact lens.

[0047] Another non-limiting embodiment provides a customized ophthalmic element comprising an ophthalmic sub-
strate, an alignment layer comprising an atleast partial coating of an atleast partially aligned alignment material connected
to at least of portion of the ophthalmic substrate, and a variable-index coating comprising a liquid crystal material
connected to the alignment layer, wherein at least a portion of the liquid crystal material of the variable-index coating is
aligned with at least a portion of the alignment material. Although not required, according this non-limiting embodiment,
the alignment material may be a photo-orientation material, such as, but not limited to, a photo-orientable polymer
network material. Further, according to this non-limiting embodiment, the ophthalmic substrate may be a single or multi-
vision lens or a contact lens.

[0048] Still another non-limiting embodiment disclosed herein provides an ophthalmic element comprising a pair of
complementary ophthalmic substrates, each of the substrates having a complementary surface, the pair of complemen-
tary ophthalmic substrates being positioned such that their complementary surfaces that are spaced apart and facing
each other, an alignment layer comprising an at least partial coating of a patterned alignment material connected to at
least of portion of at least one of the complementary surfaces of the pair of ophthalmic substrates, and an variable-index
coating comprising a liquid crystal material that is interposed between the pair of ophthalmic substrates, wherein at least
a portion of the liquid crystal material of the variable-index coating is aligned with at least a portion of the patterned
alignment material. Although not required, according to one non-limiting embodiment, the alignment material may be a
photo-orientation material, such as, but not limited to, a photo-orientable polymer network material.

[0049] Aspects of the disclosure are illustrated below in the following, non-limiting example.

EXAMPLE

[0050] A variable-index coating was formed on a substrate from CR-39® monomer as follows. A photo-orientation
material, Staralign 2100 CP solution available from Vantico, was applied to the substrate and a concentric square pattern
was written to the photo-orientation material using polarized UV light and masks (as described hereafter) to form an
alignment layer on the substrate. The inner square of the pattern was written to the photo-orientation material by masking
the outer square region and then ordering the exposed inner square region using perpendicularly-incident polarized UV.
The inner square region was then masked, and the outer square pattern was written to the photo-orientation material
by ordering the exposed outer square region using polarized UV applied at a grazing angle with respect to the wafer
surface.

[0051] Thereafter, a solution of liquid crystal monomers, RM 257 and RM 105, which are available from EMD Chemicals
(Merck KGaA, Germany), in anisole was spun on to the alignment layer to form a coating. The liquid crystal monomers
were then allowed to align with the pattern that was written to the photo-orientation material using the polarized UV
radiation in order to transfer (i.e., write) the concentric square pattern from the photo-orientation material to the liquid
crystal monomer coating to create the variable-index coating. The sample was then cured with UV radiation to lock in
the alignment of the liquid crystal monomers.

[0052] Evidence of an index of refraction difference between the two concentric square regions written to the variable-
index coating was observed when the sample was viewed over a grid pattern. A square pattern of distortion was evident
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at the border between the concentric square regions, indicating a difference in refractive index between the two regions.
[0053] Itis to be understood that the present description illustrates aspects of the invention relevant to a clear under-
standing 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 disclosed, but is intended to cover modifications that
are within the scope of the invention.

Claims
1. A method for making a customized lens comprising:

- applying an alignment layer (113) onto a surface (110) of an ophthalmic substrate (112),

- writing index-change information to the alignment layer (113) to form a pattern;

- applying a customizable material (118) comprising a liquid crystal material onto the patterned alignment layer
such that the alignment layer is interposed between and connected to each of the substrate surface and the
customizable material

- allowing at least a portion of the liquid crystal mesogens of the liquid crystal material to align with the alignment
layer thereby forming a variable index layer.

2. The method of claim 1, wherein the customizable material is at least partially set thereby setting the index-change
information in the variable index layer.

3. The method of claim 1, further comprising applying one or more additional coatings over the variable-index layer,
wherein the one or more additional coatings comprise abrasion resistant coatings, UV absorbing coatings, tie-layer
coatings, tinted coatings, anti-reflective coatings, polarizing coatings, photochromic coatings, and/or primer coatings.

4. The method of claim 1, wherein the ophthalmic substrate comprises single-vision lenses, multi-vision lenses, or
contact lenses.

5. The method of claim 1, wherein the liquid crystal materials comprise liquid crystal monomers, liquid crystal oligomers,
and/or liquid crystal polymers.

6. The method of claim 5, wherein the liquid crystal materials comprise cross- linkable liquid crystal monomers, oli-
gomers and/or polymers.

7. The method of claim 6, wherein the cross-linkable liquid crystal monomers, oligomers, and/or polymers comprise
functional groups comprising acrylate, methacrylate, allyl, allyl ether, alkyne, amino, melamine, anhydride, epoxy,
hydroxyl, isocyanate, blocked isocyanate, siloxane, thiocyanate, thiol, urea, vinyl, vinyl ether, acid, ester, hydrosilane,
combinations thereof, and/or mixtures thereof.

8. The method of claim 1, wherein the liquid crystal materials exhibit a change in refractive index (An) ranging from
0.01 to 1.0.

9. The method of claim 1, wherein the liquid crystal materials comprise materials having the following structure:
L-[S1lw-[A1-[Salde-[A2-[S3ly ]y -[Ag-[S4l-1-Ss-L
wherein:
(a) each A4, A,, and A; is independently chosen for each occurrence from
(i) -C=C-; and
(ii) a divalent group, said divalent group being an unsubstituted or a substituted aromatic group, an unsub-
stituted or a substituted alicyclic group, an unsubstituted or a substituted heterocyclic group or a mixture

thereof, wherein the aromatic, alicyclic, and heterocyclic substituents are independently halogen. C4-C4
alkoxy, poly(C4-C4g alkoxy), amino, amino(C4-C4g)alkylene, C,-C4g alkylamino, di-(C4-C,g)-alkylamino,
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C,4-Cy35 alkyl, C,-C,4 alkene, C,-C4g alkyne, C4-Cgalkyl(C4-C4g)alkoxy, C4-C4g alkoxycarbonyl, C4-Cyg
alkylcarbonyl, carbonate, acetyl, C5-C, cycloalkyl, C5-C,, cycloalkoxy, isocyanato, amido, cyano, nitro, a
straight-chain or branched C4-C,4 alkyl group that is mono-substituted with cyano, halo or C4-C,5 alkoxy
or that is poly-substituted with halo, or a group represented by the following formulae:

-M(T)(t-1y
-M(OT)(.1)

wherein M is aluminum, antimony, tantalum, titanium, zirconium or silicon, T is an organofunctional radical,
an organofunctional hydrocarbon radical, an aliphatic hydrocarbon radical or an aromatic hydrocarbon
radical, and t is the valence of M;

(b) w, x, y, and z are each independently 0, 1, 2, 3 or 4;

(c) each Sy, S,, S5, Sy, and S5 is independently chosen for each occurrence from a spacer unit chosen from a
single bond, -(CH,),-, -(CF5),,-, -Si(CH,),-, -(Si[(CH3),]O),;-, -O-, -CO-, -NR'-,-CR'=CR’-, -C-C-, -N=N-, a straight-
chain or branched C;-C,, alkylene residue, said C,-C,, alkylene residue being unsubstituted, mono-substituted
by cyano or halo or poly-substituted by halo, "r" ranges from 1 to 20 (inclusive), "p" is a whole number ranging
from 1 to 16 (inclusive); each R’ is independently chosen from hydrogen, C;-Cg alkyl, cycloalkyl and aryl;
provided that when two spacer units comprising heteroatoms are linked together the spacer units are linked so
that heteroatoms are not directly linked to each other;

(d) each L is independently hydrogen, halogen, carboxyl, hydroxy, aryl, alkyl, alkoxy, amine, alkylamino, alky-
lalkoxy, alkoxyalkoxy, polyalkyl ether, (C4-Cg)alkyl(C4-Cg)alkoxy(C-Cg)alkyl, polyethyleneoxy, polypropylene-
oxy, ethylene, acrylate, methacrylate, 2-chloroacrylate, 2-phenylacrylate, acryloylphenylene, acrylamide, meth-
acrylamide, 2-chloroacrylamide, 2-phenylacrylamide, epoxy, isocyanate, thioisocyanate, itaconic acid ester,
vinyl ether, vinyl ester, a styrene derivative, oxetane, succinamide, siloxane, an ethyleneimine derivative, a
maleic acid derivative, a fumaric acid derivative, an unsubstituted cinnamic acid derivative, a cinnamic acid
derivative that is substituted with one or more substituents chosen from methyl, methoxy, cyano and halogen,
or a substituted or unsubstituted chiral or non-chiral monovalent or divalent group, said chiral or non-chiral group
being a steroid radical, a terpenoid radical, an alkaloid radical or a mixture thereof, provided that if the chiral or
non-chiral group is substituted, at least one substituent is an alkyl group having an optically active group, an
alkoxy group, an amino group, a cycloalkyl group, an alkylalkoxy group, a fluoroalkyl group, a cyanoalkyl group,
a cyanoalkoxy group or a mixture thereof; and

(e) X', y’ and z’ are each independently O, 1, 2, 3 or 4.

The method of claim 1, wherein the customizable material is ordered using a field induced orientation process and/or
a photo-induced orientation process.

The method of claim 1, wherein the alignment layer comprises surfactants, high tilt angle polyimides, Langmuir-
Blodgett films, deposited oxides, rubbed orientation materials, and/or photo-orientation materials.

The method of claim 11, wherein the surfactants comprise alkyl quaternary ammonium salts, L-o-phosphatidylo-
choline, and/or octadecyltriethoxysilane.

A customized ophthalmic element comprising

- an ophthalmic substrate (112),

- a patterned alignment layer (113) comprising an alignment material and connected to the ophthalmic subtrate
(112); and a

- variable-index layer (118) comprising a liquid crystal material connected to the patterned alignment layer
wherein at least a portion of the liquid crystal material of the variable-index layer is aligned with at least a portion
of the alignment material.

14. The customized ophthalmic element of claim 13, wherein the substrate comprises a single-vision lens, a multi-vision

lens, or a contact lens.

15. The customized ophthalmic element of claim 13 comprising
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- a pair of complementary ophthalmic substrates, each of the substrates having a complementary surface, the
pair of complementary ophthalmic substrates being positioned such that their complementary surfaces are
spaced apart and facing each other,

- said patterned alignment layer comprising an at least partial coating of a patterned alignment material connected
to at least of portion of at least one of the complementary surfaces of the pair of ophthalmic substrates,

- said a variable-index layer being in the form of a variable-index coating that is interposed between the pair of
ophthalmic substrates, wherein at least a portion of the liquid crystal material of the variable-index coating is
aligned with at least a portion of the patterned alignment material.

Patentanspriiche

Verfahren zur Herstellung einer maRgeschneiderten Linse umfassend:

- Aufbringen einer Ausrichtungsschicht (113) auf eine Oberflache (110) eines Augenglasersubstrats (112),

- Schreiben einer Indexanderungsinformation auf die Ausrichtungsschicht (113), um ein Muster zu bilden,

- Aufbringen eines maRschneiderbaren Materials (118), umfassend ein Flissigkristallmaterial, auf die gemu-
sterte Ausrichtungsschicht, so dass die Ausrichtungsschicht zwischen und in Kontakt mit sowohl der Substra-
toberflache als auch dem maRschneiderbaren Material angeordnet ist,

- Ausrichtenlassen wenigstens eines Teils der Flissigkristallmesogene des Flissigkristallmaterials mit der Aus-
richtungsschicht, wodurch eine Schicht mit dem variablen Index gebildet wird.

Verfahren nach Anspruch 1, wobei das mafschneiderbare Material wenigstens teilweise gehartet wird, wodurch
die Indexanderungsinformation in der Schicht mit dem variablen Index festgesetzt wird.

Verfahren nach Anspruch 1, das zusatzlich das Aufbringen einer oder mehrerer zusatzlicher Beschichtungen auf
der Schicht mit dem variablen Index umfasst, wobei die eine oder mehreren zusatzlichen Beschichtungen abrieb-
bestandige Beschichtungen, UV-absorbierende Beschichtungen, Haftschichtbeschichtungen, gefarbte Beschich-
tungen, antireflektierende Beschichtungen, polarisierende Beschichtungen, photochrome Beschichtungen und/oder
Grundierungsbeschichtungen umfassen.

Verfahren nach Anspruch 1, wobei das Augenglasersubstrat unifokale Linsen, multifokale Linsen oder Kontaktlinsen
umfasst.

Verfahren nach Anspruch 1, wobei die Flissigkristallmaterialien Flissigkristallmonomere, Flissigkristalloligomere
und/oder Flussigkristallpolymere umfassen.

Verfahren nach Anspruch 5, wobei die Flissigkristallmateriallen vernetzbare Flussigkristallmonomere, -oligomere
und/oder -polymere umfassen.

Verfahren nach Anspruch 6, wobei die vernetzbaren Flissigkristallmonomere, -oligomere und/oder -polymere funk-
tionelle Gruppen aufweisen, die Acrylat, Methacrylat, Allyl, Allylether, Alkin, Amino, Melamin, Anhydrid, Epoxy,
Hydroxyl, Isocyanat, blockiertes Isocyanat, Siloxan, Thiocyanat, Thiol, Harnstoff, Vinyl, Vinylether, Saure, Ester,
Hydrosilan und Kombinationen davon und/oder Mischungen davon umfassen.

Verfahren nach Anspruch 1, wobei die Fliissigkristallmaterialien eine Anderung im Brechungsindex (An) im Bereich
von 0,01 bis 1,0 zeigen.

Verfahren nach Anspruch 1, wobei die Flissigkristallmaterialien Materialien mit der folgenden Struktur:
LS A8l dy-TA[SalyJy -IAG-[Sal,)-SsL
umfassen, worin
(a) jedes A4, A, und A5 unabhangig voneinander bei jedem Auftreten ausgewahlt ist aus

(i) -C=C- und
(i) einer divalenten Gruppe, wobei diese divalente Gruppe eine unsubstituierte oder eine substituierte
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aromatische Gruppe, eine unsubstituierte oder eine substituierte alicyclische Gruppe, eine unsubstituierte
oder eine substituierte heterocyclische Gruppe oder eine Mischung davon ist, wobei die Substituenten der
aromatischen, alicyclischen und heterocyclischen Gruppen unabhangig Halogen, C4-C,g-Alkoxy, Poly
(C4-C4g-alkoxy), Amino, Amino(C4-C,g)alkylen, C4-C,g-Alkylamino, Di(C4-C4g)alkylamino, C4-C,g-Alkyl,
C,-C4g-Alken, C,-C,g-Alkin, C4-C4g-Alkyl(C4-C,g)alkoxy, C4-C,g-Alkoxycarbonyl, C4-C,g-Alkoxycarbonyl,
Carbonat, Acetyl, C5-C4o-Cycloalkyl, C5-C4y-Cycloalkoxy, Isocyanato, Amido, Cyano, Nitro, eine gerad-
kettige oder verzweigte C,-Cg-Alkylgruppe, die mit Cyano, Halogen oder C,-C,g-Alkoxy monosubstituiert
ist oder mit Halogen poly-substituiert ist oder eine Gruppe, die durch die folgenden Formeln wiedergegeben
ist:

-M(T)(t-1y
-M(OT)(.1)

worin M gleich Aluminium, Antimon, Tantal, Titan, Zirconium oder Silicium ist, T ein organofunktioneller
Rest, ein organofunktioneller Kohlenwasserstoffrest, ein aliphatischer Kohlenwasserstoffrest oder ein aro-
matischer Kohlenwasserstoffrest ist und t die Valenz von M ist, sind,

(b) w, x, y und z jeweils unabhangig 0, 1, 2, 3 oder 4 sind,

(c) jedes Sy, Sy, S3, S4 und Sy unabhéngig bei jedem Auftreten ausgewahlt ist aus einer Abstandseinheit,
ausgewahlt aus einer Einfachbindung, -(CH,)-, -(CFz)p-, -Si(CHy),-, -(Si[(CH3)2]O)p-, -O-, -CO-,
-NR’-,-CR’=CR’-, -C-C-, -N=N-, einem geradkettigen oder verzweigten C,-C,4-Alkylenrest, wobei dieser
C4-Cy4-Alkylenrest unsubstituiert, durch Cyano oder Halogen monosubstituiert ist oder mit Halogen polysub-
stituiert ist, "r" von 1 bis 20 einschlieBlich reicht, "p" eine ganze Zahl im Bereich von 1 bis 16 einschlief3lich ist,
jedes R’ unabhéngig ausgewahlt ist aus Wasserstoff, C4-Cg-Alkyl, Cycloalkyl und Aryl, vorausgesetzt dass,
wenn zwei Abstandseinheiten mit Heteroatomen miteinander verbunden sind, die Abstandseinheiten so mit-
einander verbunden sind, dass die Heteroatome nicht direkt aneinander gebunden sind,

(d) jedes L unabhangig Wasserstoff, Halogen, Carboxyl, Hydroxy, Aryl, Alkyl, Alkoxy, Amin, Alkylamino, Alky-
lalkoxy, Alkoxyalkoxy, Polyalkylether, (C4-Cg)Alkyl(C4-Cg)alkoxy(C4-Cg)alkyl, Polyethylenoxy, Polypropylen-
oxy, Ethylen, Acrylat, Methacrylat, 2-Chloracrylat, 2-Phenylacrylat, Acryloylphenylen, Acrylamid, Methacryl-
amid, 2-Chloracrylamid, 2-Phenylacrylamid, Epoxy, Isocyanat, Thioisocyanat, ltaconsaureester, Vinylether,
Vinylester, ein Styrolderivat, Oxetan, Succinamid, Siloxan, ein Ethyleniminderivat, ein Maleinsaurederivat, ein
Fumarsaurederivat, ein unsubstituiertes Zimtsaurederivat, ein Zimtsaurederivat, das mit einem oder mehreren
Substituenten, ausgewahlt aus Methyl, Methoxy, Cyano und Halogen, substituiert ist oder eine substituierte
oder unsubstituierte chirale oder nichtchirale monovalente oder divalente Gruppe, wobei diese chirale oder
nichtchirale Gruppe ein Steroidrest, ein Terpenoidrest, ein Alkaloidrest oder eine Mischung davon ist, voraus-
gesetzt dass, falls die chirale oder nichtchirale Gruppe substituiert ist, wenigstens ein Substituent eine Alkylgrup-
pe mit einer optisch aktiven Gruppe, eine Alkoxygruppe, eine Aminogruppe, eine Cycloalkylgruppe, eine Alky-
lalkoxygruppe, eine Fluoroalkylgruppe, eine Cyanoalkylgruppe, eine Cyanoalkoxygruppe oder eine Mischung
davon ist, ist und

(e) X', y’ und Z’ jeweils unabhangig voneinander 0, 1, 2, 3 oder 4 sind.

Verfahren nach Anspruch 1, wobei das maRRschneiderbare Material unter Verwendung eines feldinduzierten Orien-
tierungsverfahrens und/oder eines photoinduzierten Orientierungsverfahrens orientiert ist.

Verfahren nach Anspruch 1, wobei die Ausrichtungsschicht oberflachenaktive Mittel, Polyimide mit hohem Dreh-
winkel, Langmuir-Blodgett-Filme, abgeschiedene Oxide, durch Reibung orientierbare Materialien und/oder Pho-

toorientierungsmaterialien enthalt.

Verfahren nach Anspruch 11, wobei die oberflachenaktiven Mittel alkylquartare Ammoniumsalze, L-a-Phosphati-
dylcholin und/oder Octadecyltriethoxysilan umfassen.

MaRgeschneidertes Augenlinsenelement umfassend:

- ein Augenlinsensubstrat (112),

- eine gemusterte Ausrichtungsschicht (113), die ein Ausrichtungsmaterial enthalt und mit dem Augenlinsen-
substrat (112) verbunden ist, und eine

- Schicht mit dem variablen Index (118), die ein Flissigkristallmaterial enthalt, das mit der gemusterten Aus-
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EP 1 934 649 B9

richtungsschicht verbunden ist, wobei wenigstens ein Teil des Flissigkristallmaterials der Schicht mit dem
variablen Index mit wenigstens einem Teil des Ausrichtungsmaterials ausgerichtet ist.

14. Malgeschneidertes Augenlinsenelement nach Anspruch 13, wobei das Substrat eine unifokale Linse, eine multi-

fokale Linse oder eine Kontaktlinse umfasst.

15. MaRgeschneidertes Augenlinsenelement nach Anspruch 13 umfassend:

- ein Paar komplementéarer Augenlinsensubstrate, wobei jedes der Substrate eine komplementare Oberflache
aufweist und das Paar der komplementaren Augenlinsensubstrate so angeordnet ist, dass ihre komplementéren
Oberflachen voneinander beabstandet sind und sich gegeniberliegen,

- wobei diese gemusterte Ausrichtungsschicht wenigstens eine partielle Beschichtung eines gemusterten Aus-
richtungsmaterials aufweist, das mit wenigstens einem Teil wenigstens einer der komplementaren Oberflachen
des Paars von komplementaren Augenlinsensubstraten verbunden ist,

- diese Schicht mit dem variablen Index in Form einer Beschichtung mit dem variablen Index vorliegt, die
zwischen dem Paar von Augenlinsensubstraten angeordnet ist, wobei wenigstens ein Teil des Flissigkristall-
materials der Schicht mit dem variablen Index mit wenigstens einem Teil des gemusterten Ausrichtungsmaterials
ausgerichtet ist.

Revendications

Procédé de réalisation de lentilles personnalisées, comprenant :

- 'application d’'une couche d’alignement (113) sur une surface (110) d’un substrat ophtalmique (112),

- l'inscription d’informations de changement d’indice sur la couche d’alignement (113) afin de former un motif ;
- l'application d’'un matériau personnalisable (118) comprenant un matériau a cristaux liquides, sur la couche
d’alignement a motif, de sorte que la couche d’alignement soit interposée entre chacune des surfaces de substrat
et le matériau personnalisable et connectée a celles-ci ;

- permettant au moins a une partie des mésogenes de cristaux liquides du matériau a cristaux liquides de
s’aligner a la couche d’alignement, en formant ainsi une couche a indice variable.

Procédé selon la revendication 1, dans lequel le matériau personnalisable est au moins partiellement réalisé, en
établissant I'information de changement d’indice dans la couche a indice variable.

Procédé selon la revendication 1, comprenant en outre I'application d’un ou plusieurs revétements supplémentaires
sur la couche a indice variable, dans lequel le ou les revétements supplémentaires comprennent des revétements
résistant a I'abrasion, des revétements absorbant les UV, des revétements dotés d’'une couche de fixation, des
revétements teintés, des revétements anti-réfléchissants, des revétements polarisants, des revétements photochro-
miques, et/ou des revétements d’apprét.

Procédé selon la revendication 1, dans lequel le substrat ophtalmique comprend des lentilles a vision unique, des
lentilles a vision multiple, ou des lentilles de contact.

Procédé selon la revendication 1, dans lequel les matériaux a cristaux liquides comprennent des monomeres a
cristaux liquides, des oligomeéres a cristaux liquides, et/ou des polyméres a cristaux liquides.

Procédé selon la revendication 5, dans lequel les matériaux a cristaux liquides comprennent des monomeéres, des
oligomeres et/ou des polymeéres a cristaux liquides réticulables.

Procédé selon la revendication 6, dans lequel les monomeéres, des oligoméres et/ou des polymeres a cristaux
liquides réticulables comprennent des groupes fonctionnels comprenant I'acrylate, le méthacrylate, I'allyle, I'éther
d’allyle, l'alcyne, un amino, la mélamine, un anhydride, une époxy, un hydroxyle, un isocyanate, un isocyanate
séquencé, unsiloxane, un thiocyanate, un thiol, 'urée, un vinyle, un éther de vinyle, un acide, un ester, un hydrosilane,
des combinaisons et/ou des mélanges correspondants.

Procédé selon la revendication 1, dans lequel les matériaux a cristaux liquides présentent un changement de I'indice
de réfraction (An) compris entre 0,01 et 1,0.
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9. Procédé selon la revendication 1, dans lequel les matériaux a cristaux liquides comprennent des matériaux ayant
la structure suivante :

L - [Sqlw - [Aq - [Salddx - [A2 - [Sslyly - [Ag - [Sal ), - Ss - L

dans laquelle
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(a) chaque A, A, et A3 est indépendamment choisi pour chaque occurrence a partir de

(i) -C=C-; et

(i) un groupe divalent, ledit groupe divalent étant un groupe aromatique non substitué ou substitué, un
groupe acyclique non substitué ou substitué, un groupe hétérocyclique non substitué ou substitué, ou un
mélange correspondant, dans lequel les substituants aromatiques, alicycliques et hétérocycliques sont
indépendamment un halogéne, un alcoxy en C4-C4g, un poly(alcoxy en C4-C4g), un amino, un amino-
alcyléne en (C4-Cyg), un alkylamino en C4-C,g, un di-alkylamino en (C4-C,g), un alkyle en C4-C,g, un alcene
en C,-C4g, un alcyne en C,-Cyg, un alkyle en C4-C4g-alcoxy en (C4-C,g), un alcoxycarbonyle en C4-Cyg,
un alkylcarbonyle en C4-C,g, un carbonate, un acétyle, un cycloalkyle en C5-C,, un cycloalcoxy en C5-Cy,
un isocyanato, un amido, un cyano, un nitro, un groupe alkyle en C4-C,g & chaine droite ou ramifiée qui
est mono-substitué avec un cyano, un halo ou un alcoxy en C4-C,g, ou qui est poly-substitué avec un halo,
ou un groupe représenté par les formules suivantes :

- M(T)¢-1)
- M(OT) 1.1y

dans lesquelles M est un atome d’aluminium, d’antimoine, de tantale, de titane, de zirconium ou de silicium,
T est un radical organo-fonctionnel, un radical hydrocarbure organo-fonctionnel, un radical hydrocarbure
aliphatique, ou un radical hydrocarbure aromatique et t est la valence de M ;

(b) w, x, y et z sont chacun indépendamment égauxa 0, 1,2, 3ou 4 ;

(c) chaque Sy, Sy, S3, S, et Sy est indépendamment choisi pour chaque occurrence a partir d’'une unité d’'es-
pacement choisie parmi une liaison simple, -(CH,),-, -(CFz)p-, -Si(CHy),-, -(Si[(CH3)2]O)p-, -O-, -CO-, -NR’-,
-CR’=CR’-, -C-C-, -N=N-, un résidu d’alcyléne en C,-C,, a chaine droite ou ramifiée, ledit résidu d’alcyléne en
C4-C,, étant non substitué, mono-substitué par un cyano ou halo ou poly-substitué par un halo, « r » est compris
entre 1 et 20 (inclus), « p » est un nombre entier compris entre 1 et 16 (inclus) ; chaque R’ est indépendamment
choisi parmi 'hydrogéne, un alkyle en C4-Cg, un cycloalkyle et un aryle, a condition que lorsque deux unités
d’espacement comprenant des hétéroatomes sont liées ensemble, les unités d’espacement soient liées de
sorte que les hétéroatomes ne soient pas directement liés les uns aux autres ;

(d) chaque L est indépendamment un hydrogéne, un halogéne, un carboxyle, un hydroxy, un aryle, un alkyle,
un alcoxy, une amine, un alkylamino, un alkylalcoxy, un alcoxyalcoxy, un polyalkyl-éther, un alkyle en (C4-Cg)-al-
coxy en (C4-Cg)-alkyle en (C4-Cg), un polyéthyléneoxy, un polypropyléneoxy, un éthyléne, un acrylate, un
méthacrylate, un 2-chloroacrylate, un 2-phénylacrylate, un acryloylphényléne, un acrylamide, un méthacryla-
mide, un 2-chloroacrylamide, un 2-phénylacrylamide, un époxy, un isocyanate, un thioisocyanate, un ester
d’acide itaconique, un éther de vinyle, un ester de vinyle, un dérivé de styrene, un oxétane, un succinamide,
un siloxane, un dérivé d’éthyléneimine, un dérivé d’acide maléique, un dérivé d’acide fumarique, un dérivé
d’acide cinnamique non substitué, un dérivé d’acide cinnamique qui est substitué par un ou plusieurs substituants
choisis parmi un méthyle, un méthoxy, un cyano et un halogéne, ou un groupe monovalent ou divalent chiral
ou non chiral substitué ou non substitué, ledit groupe chiral ou non chiral étant un radical stéroide, un radical
terpénoide, un radical alcaloide ou un mélange correspondant, a condition que, si le groupe chiral ou non-chiral
est substitué, au moins un substituant soit un groupe alkyle ayant un groupe optiquement actif, un groupe
alcoxy, un groupe amino, un groupe cycloalkyle, un groupe alkylalcoxy, un groupe fluoroalkyle, un groupe
cyanoalkyle, un groupe cyanoalcoxy ou un mélange correspondant ; et

(e) X', y’ et Z sont chacun indépendamment égaux a 0, 1, 2, 3 ou 4.

10. Procédé selon la revendication 1, dans lequel le matériau personnalisable est ordonné en utilisant un procédé
d’orientation induit sur site et/ou un procédé d’orientation photo-induit.

11. Procédé selon la revendication 1, dans lequel la couche d’alignement comprend des tensioactifs, des polyimides

16



EP 1 934 649 B9

a angle d’inclinaison élevé, des films Langmuir-Blodgett, des oxydes déposés, des matériaux d’orientation frottés,
et/ou des matériaux de photo-orientation.

12. Procédé selon la revendication 11, dans lequel les tensio-actifs comprennent des sels d’'ammonium quaternaires
d’alkyle, de la L-a-phosphatidylocholine et/ou des octadécyltriéthoxysilane.

13. Elément ophtalmique personnalisé comprenant :

- un substrat ophtalmique (112)

- une couche d’alignement a motif (113) comprenant un matériau d’alignement et connectée au substrat oph-
talmique (112) et

- une couche a indice variable (118) comprenant un matériau a cristaux liquides, connectée a la couche d’ali-
gnement a motif, dans laquelle au moins une partie du matériau a cristaux liquides de la couche a indice variable
est alignée avec au moins une partie du matériau d’alignement.

14. Elément ophtalmique personnalisé selon la revendication 13, dans lequel le substrat comprend une lentille a vision
unique, une lentille a vision multiple, ou une lentille de contact.

15. Elément ophtalmique personnalisé selon la revendication 13, comprenant :

20

25

30

35

40

45

50

55

- une paire de substrats ophtalmiques complémentaires, chacun des substrats ayant une surface complémen-
taire, la paire de substrats ophtalmiques complémentaires étant positionnée de sorte que leurs surfaces com-
plémentaires soient espacées et se trouvent 'une en face de l'autre,

- ladite couche d’alignement a motif comprenant un revétement au moins partiel d’'un matériau d’alignement a
motif, connecté a au moins une partie d’au moins une des surfaces complémentaires de la paire des substrats
ophtalmiques ;

- ladite couche a indice variable étant sous la forme d’'un revétement a indice variable qui est intercalé entre la
paire de substrats ophtalmiques, dans laquelle au moins une partie du matériau a cristaux liquides du revétement
a indice variable est alignée avec au moins une partie du matériau d’alignement a motif.
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