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EYEWEAR WITH LAMINATED FUNCTIONAL LAYERS

PRIORITY CLAIM

[0001] This application claims priority to U.S. Provisional Patent Application

No. 61/645,543, filed May 10, 2012, titled EYEWEAR WITH LAMINATED

FUNCTIONAL LAYERS, the entire contents of which are incorporated by reference

herein and made part of this specification.

BACKGROUND

Field

[0002] This disclosure relates generally to eyewear and to lenses used in

eyewear.

Description of Related Art

[0003] Eyeglasses include one or lenses attached to a frame that positions the

lenses on the wearer's head. Lenses typically include at least one lens body made from a

substantially rigid material. In some cases, one or more coatings are applied to the lens

body in order to impart desired functional characteristics to the eyeglasses. Examples of

functional coatings for eyewear include anti-reflection coatings and anti-static coatings.

SUMMARY

[0004] Example embodiments described herein have several features, no single

one of which is indispensable or solely responsible for their desirable attributes. Without

limiting the scope of the claims, some of the advantageous features will now be

summarized.

[0005] Embodiments disclosed herein include eyewear that has one or more

laminates applied to a lens body. In some embodiments, the lens body is constructed from

a substantially rigid material having a curved shape. The lens body can have any desired

curvature, including, for example, cylindrical, spherical or toroidal. A laminate can include

a substantially flexible substrate and one or more functional layers or coatings applied to

the substrate. In addition, one or more functional layers or coatings can be applied directly

to the lens body. In certain embodiments, a bonding layer bonds a laminate to a convex

and/or concave surface of the lens body. Examples of functional layers or coatings that can

be applied to a laminate include anti-reflection coatings, interference stacks, hard coatings,



flash mirrors, anti-static coatings, anti-fog coatings, other functional layers, or a

combination of functional layers.

[0006] Some embodiments provide a lens that includes a lens body including a

substantially rigid material, the lens body having a convex surface and a concave surface; a

laminate including a flexible thin polymeric material having a first surface and a second

surface opposite the first surface; a multi-layer interference coating including two or more

thin film layers of high refractive index material and two or more thin film layers of low

refractive index material disposed on the first surface of the laminate; and a hydrophobic

coating disposed on the concave surface of the lens body. The second surface of the

laminate can be bonded to the convex surface of the lens body.

[0007] In certain embodiments, eyewear includes a frame and a lens connected

to the frame. The lens body can have any suitable thickness, such as, for example, between

about 0.02 in. and 0.1 in. The substantially rigid material can be polycarbonate or any

other suitable lens material. The flexible thin polymeric material can be biaxially-oriented

polyethylene terephthalate polyester film, a plastic film, or any other suitable material. The

flexible thin polymeric material can have a suitable thickness, such as, for example,

between about 0.002 in. and 0.01 in. The lens can include a hard coat layer disposed on

the convex surface of the lens body between the substantially rigid material of the lens

body and the laminate. The hard coat layer can include a substantially uniform layer of

polymeric material configured to increase an abrasion resistance, a mechanical durability,

and/or a chemical resistance of the lens body. In some embodiments, the hard coat layer

includes a sol-gel material.

[0008] In certain embodiments, the lens includes a hard coat layer disposed on

the second surface of the laminate between the substantially rigid material of the lens body

and the laminate. The hard coat layer can include a substantially uniform layer of polymeric

material configured to increase an abrasion resistance, a mechanical durability, and/or a

chemical resistance of the laminate. The laminate can be bonded to the lens body through a

thermally-cured adhesive layer, through a UV-cured adhesive layer, or using any other

suitable bonding technique. In some embodiments, the lens provides an optical correction.

[0009] In some embodiments, the lens includes an electrochromic functional

layer disposed between the multi-layer interference coating and the first surface of the



laminate. The electrochromic functional layer can include a dichroic dye guest-host device

configured to provide variable light attenuation.

[0010] The multi-layer interference coating can be, for example, an anti-

reflective coating or a reflective coating. The lens can include a backside laminate bonded

to the hydrophobic coating disposed on the concave surface of the lens body, the backside

laminate including a flexible thin polymeric material having a first surface and a second

surface opposite the first surface. The lens can include an anti-static coating disposed on

the second surface of the backside laminate.

[0011] Some embodiments provide a method of manufacturing a lens. The

method can include forming a lens body from a substantially rigid material, the lens body

including a convex surface and a concave surface; depositing a hydrophobic coating on the

concave surface of the lens body; providing a laminate including a flexible thin polymeric

material having a first surface and a second surface opposite the first surface; depositing on

the first surface of the laminate a multi-layer interference coating including two or more

thin film layers of high refractive index material and two or more thin film layers of low

refractive index material; and bonding the second surface of the laminate to the convex

surface of the lens body.

[0012] In certain embodiments, the lens body is formed through injection

molding. The substantially rigid material can be polycarbonate or another suitable material.

Depositing the hydrophobic coating can include coating the lens body with a hydrophobic

substance by immersing the lens body in the hydrophobic substance. Bonding the second

surface of the laminate to the convex surface of the lens body can include applying a UV-

curable adhesive to the convex surface of the lens body and curing the UV-curable

adhesive such that the laminate and the lens body are bonded together.

[0013] Eyewear can include a frame and a lens manufactured according to one

of the embodiments disclosed herein attached to the frame.

[0014] Certain embodiments provide eyewear having electrochromic

functionality. The eyewear can include a frame and a lens attached to the frame. The lens

can include a lens body including a substantially rigid material, the lens body having a

convex surface and a concave surface; and a laminate including a flexible thin polymeric

material having a first surface and a second surface opposite the first surface. An

electrochromic functional layer can be disposed on the first surface of the flexible thin



polymeric material. The electrochromic functional layer can include a dichroic dye guest-

host device configured to provide variable light attenuation. An electrode can be

electrically coupled to the electrochromic functional layer. A power source can be attached

to the eyewear and electrically coupled to the electrode. A user interface element can be

disposed on the eyewear and configured to change an amount of power provided to the

electrode from the power source.

[0015] In some embodiments, changing the amount of power provided to the

electrode changes a state of the electrochromic functional layer. The user interface element

can include a touch-sensitive element that changes the electrochromic functional layer from

dark to light when activated. The eyewear can include a multi-layer interference coating

including two or more thin film layers of high refractive index material and two or more

thin film layers of low refractive index material disposed on the electrochromic functional

layer. The eyewear can include a hydrophobic coating disposed on the concave surface of

the lens body.

[0016] Some embodiments provide a lens including a frontside laminate

including a flexible thin polymeric material having a first surface and a second surface

opposite the first surface; a lens body including a substantially rigid material, the lens body

having a convex surface and a concave surface; a backside laminate including a flexible

thin polymeric material having a first surface and a second surface opposite the first

surface; a frontside transition layer disposed between the second surface of the frontside

laminate and the convex surface of the lens body, the frontside transition layer including an

adhesion layer and a frontside functional layer; and a backside transition layer disposed

between the first surface of the backside laminate and the concave surface of the lens body,

the backside transition layer including an adhesion layer and a backside functional layer.

[0017] The functional layers can have many configurations. For example, in

some embodiments, the frontside functional layer includes a multi-layer interference

coating including two or more thin film layers of high refractive index material and two or

more thin film layers of low refractive index material. The backside functional layer can

include a hydrophobic coating. A flash mirror coating can be disposed on the first surface

of the frontside laminate. A hydrophobic coating can be disposed on the second surface of

the backside laminate. An electrochromic functional layer can be disposed on the first



surface of the frontside laminate. The electrochromic functional layer can include a

dichroic dye guest-host device configured to provide variable light attenuation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Various embodiments are depicted in the accompanying drawings for

illustrative purposes, and should in no way be interpreted as limiting the scope of the

inventions. In addition, various features of different disclosed embodiments can be

combined to form additional embodiments, which are part of this disclosure. Any feature

or structure can be removed or omitted. Throughout the drawings, reference numbers can

be reused to indicate correspondence between reference elements.

[0019] FIGS. 1-4 show a perspective view of some embodiments of eyewear

with a portion cut-away to show example configurations of lens elements.

[0020] FIG. 5 shows an exploded view of some embodiments of a lens having

a lens body and one or more laminates.

[0021] FIG. 6 shows a detailed view of the distal laminate of FIG. 5 according

to some embodiments.

[0022] FIG. 7 shows a detailed view of the lens body of FIG. 5 according to

some embodiments.

[0023] FIG. 8 shows a detailed view of the proximal laminate of FIG. 5

according to some embodiments.

[0024] FIG. 9 shows a perspective view of some embodiments of a pair of

goggles having a removable laminate attached to a convex surface of a lens body.

[0025] FIGS. 10 and 10A show a perspective view of some embodiments of a

pair of goggles having a laminate that is substantially permanently affixed to the convex

surface of a lens body.

[0026] FIG. 1 1 shows a flow chart of some embodiments of a method for

manufacturing a lens including a lens body and a laminate. .

[0027] FIG. 12 shows a flow chart of some embodiments of a method for using

a removable laminate with eyewear.



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0028] Although certain preferred embodiments and examples are disclosed

herein, inventive subject matter extends beyond the specifically disclosed embodiments to

other alternative embodiments and/or uses, and to modifications and equivalents thereof.

Thus, the scope of the claims appended hereto is not limited by any of the particular

embodiments described below. For example, in any method or process disclosed herein,

the acts or operations of the method or process can be performed in any suitable sequence

and are not necessarily limited to any particular disclosed sequence. Various operations

can be described as multiple discrete operations in turn, in a manner that can be helpful in

understanding certain embodiments; however, the order of description should not be

construed to imply that these operations are order dependent. Additionally, the structures

described herein can be embodied as integrated components or as separate components.

For purposes of comparing various embodiments, certain aspects and advantages of these

embodiments are described. Not necessarily all such aspects or advantages are achieved by

any particular embodiment. Thus, for example, various embodiments can be carried out in

a manner that achieves or optimizes one advantage or group of advantages as taught

herein without necessarily achieving other aspects or advantages as can also be taught or

suggested herein.

[0029] Lenses having an anti-reflective coating on a convex side of the lens and

a hydrophobic coating on a concave side of the lens can provide desirable characteristics in

eyewear in applications such as goggles, sunglasses, corrective lenses, and the like.

However, providing a lens with such a configuration of coatings can be challenging using

generally accepted coating techniques because the application of a coating can degrade the

performance of another. For example, applying a hydrophobic coating before applying an

anti-reflective coating can result in degrading the hydrophobic coating as a result of the

physical or chemical vapor deposition process used to apply the anti-reflective coating.

Similarly, applying an anti-reflective coating before a hydrophobic coating can degrade the

performance of the anti-reflective coating as a result of an immersion process used to

apply the hydrophobic coating.

[0030] In some embodiments, a lens receives a hydrophobic coating through an

immersion process before receiving an anti-reflective coating through vapor deposition.

The immersion technique can generally include the steps of immersing the lens element in a



coating solution and allowing a hydrophobic layer to attach to the object through

electrostatic interactions or chemical reactions. For example, a lens can be coated with a

hydrophobic material by immersing it in a hydrophobic solution and then withdrawing it

after a certain interval under controlled temperature and/or atmospheric conditions. The

coating quality can be controlled at least in part by the immersion time, the temperature of

the process, and/or the content of the solution.

[0031] In certain embodiments, an object, such as a lens body, is immersed into

a hydrophobic liquid solution using a dip-coating apparatus or another suitable apparatus.

The object can be immersed at room temperature. The duration of immersion can be about

one minute or another suitable period of time. In certain embodiments, the hydrophobic

liquid solution includes a coating material solute, such as a fluorinated coating identified as

KY-164 from Shin-Etsu Chemical Co., and a solvent, such as NOVEC® Engineered Fluid

HFE-7200 from 3M Company of St. Paul, Minnesota.

[0032] After immersion in the solution, the object can be cured. For some

hydrophobic coatings, curing can be accomplished by exposing the coated object to a

temperature of 60° C for about an hour and/or allowing the object to cure at room

temperature for a couple of days. After application of the hydrophobic coating using an

immersion process, the entire lens or a portion of the lens can be coated with a

hydrophobic layer.

[0033] Other processes can be used to coat the lens including, for example, dip

coating, spray coating, flow coating, spin coating, capillary coating, roll coating, chemical

coating, printing technique, drying and curing techniques, other coating techniques, or any

combination of coating techniques. In a subsequent process to apply an anti-reflective

coating to the lens, the effectiveness of the hydrophobic coating can be degraded because

of cleaning and vapor deposition steps. The process to apply an anti-reflective coating or

interference stack can generally include placing the lens in a low-pressure or near vacuum

container, pre-treating the deposition surface of the object using an ion source, vaporizing

source material, transporting the material to the lens, and depositing the material on the

lens. For example, to pre-treat the lens, one or more process gases can be ionized to

create a plasma that cleans the deposition surface. The pre-treatment step can utilize a DC

glow discharge or End-Hall ion source for pre-treatment and/or cleaning of the object

prior to depositing the film. An electron beam can then be used to evaporate a target



material (the material to be deposited on the lens). The evaporated material can be

transported to and deposited on the lens. The evaporation, transportation, and deposition

steps of the process can be repeated for each film layer in an interference stack. As a

result of this process, the previously-applied hydrophobic coating can be damaged or the

effectiveness of the coating can be degraded due to pretreatment and/or the deposition of

the film on the lens.

[0034] In some embodiments, one or more functional layers, such as, for

example, anti-reflection coatings, are applied using a liquid deposition process. A liquid

deposition process can include any process where a solution is deposited on a lens or lens

element and processed to form a thin film or coating on the lens or lens element. For

example, a functional layer can be applied through spin coating. The lens element to

receive the functional layer can be placed in a device configured to spin the lens element,

and the device can be positioned in a chamber configured to, for example, control the

coating environment, protect the lens element from contaminants during the coating

process, prevent or reduce the probability of the escape of volatile portions of a coating

solution, to prevent or reduce the probability of contaminants being introduced into the

coating, or any combination of these. A coating solution can be injected into the chamber

through a coating solution inlet to be applied substantially uniformly throughout the

surface of the lens element. As the coating solution is applied, the lens element is rotated

by suitable means, and either simultaneous with the application of the coating or shortly

after commencement of introduction of the coating solution, drying air can be introduced

to dry the coating solution. The duration of the flow of the drying air can be configured to

sufficiently dry the coating solution such that it can adhere sufficiently to the surface of the

lens element. The spin direction, rotation speed, application rate, time cycles, and other

such parameters can be varied for the particular coating being applied and the properties of

the target lens element. For example, the parameters for a lower viscosity coating, such as

an anti-reflective coating layer, can be different from the parameters that are used to apply

a higher viscosity coating, such as an abrasion resistant hard-coat. Various functional

layers can be applied using liquid deposition techniques, such as anti-reflective coatings,

hard coats, mirror coatings, impact enhancement, tinting coatings and the like.

[0035] In some embodiments, a lens receives an anti-reflective coating through

vapor deposition before receiving a hydrophobic coating through an immersion process.



The application of the anti-reflective coating or interference stack can follow the same

steps described herein above. For example, the interference stack can be deposited on the

lens through a physical vapor deposition process. Other processes could be used,

including chemical vapor deposition, directed vapor deposition, vapor deposition using

magnetron sputtering, vapor deposition using plasma polymerization, another deposition

technique, or any combination of deposition techniques. In a subsequent process to apply

a hydrophobic coating to the lens, the effectiveness of the anti-reflective coating can be

degraded because of the deposition of the hydrophobic coating. For example, immersion

coating the lens can result in the entire lens being coated with the hydrophobic coating.

The hydrophobic coating can alter the optical properties of the anti-reflective coating. In

addition, the process steps used to apply both functional elements to a lens body can

substantially increase the manufacturing time and/or cost for building the lens because each

process is done separately, consuming more time and/or labor than if the processes were

carried out in parallel.

[0036] In some embodiments, a lens is provided that has an anti-reflective

laminate on a convex side and a hydrophobic laminate on a concave side such that both

anti-reflective and hydrophobic functions can be imparted to the lens without substantially

altering the performance of either laminate. For example, a flexible substrate can be

coated with an interference stack on one side and an adhesion layer on the other, and

attached to a lens body to create a lens having an interference stack on one surface. As

another example, a substrate can include a hydrophobic or anti-fog coating and an

adhesion layer. The substrate can be attached to a lens body to create a lens having a

hydrophobic functional layer. As another example, a first laminate including a first

substrate, an anti-reflective coating, and an adhesion layer and a second laminate including

a second substrate, a hydrophobic coating, and an adhesion layer can be attached to a

convex and concave side of a lens body, respectively. As a result, a lens can be provided

that has an anti-reflective coating and a hydrophobic coating such that functional

properties of one coating have not been substantially altered due to the addition of another

coating. Other functional elements can be added to a lens according to some embodiments

disclosed herein including, for example, a flash mirror, photochromic layer, anti-static

coating, liquid-containing layer, electrochromic layer, polarizer, hard coat, index matching

layer, chroma enhancement, color enhancement, contrast enhancement, trichoic filter, glass



layer, hybrid glass-plastic layer, AR coating, anti-fog coating, interference stack, or any

combination of these.

[0037] Although some embodiments will be discussed below in terms of lenses

having "cylindrical" or "spherical" front and rear surfaces (surfaces which conform

substantially to a portion of the surface of a sphere or cylinder, respectively), it will be

understood by those having ordinary skill in the art that, in some embodiments, lenses

having different surface geometries can be used. Additionally, it will be understood that

lenses of many front elevational shapes and orientations in the as-worn position can be

used, beyond those illustrated herein. In particular, either the front or rear surface of

either lens may conform to the surface of a toroidal or other aspheric geometry.

Overview of Eyewear Having One or More Laminates Attached to a Lens Body

[0038] Referring to FIGS. 1-4, there is illustrated a perspective view of some

embodiments of eyewear 100 having first and second lenses 102a and 102b, frame 104,

and earstems 106a and 106b. The embodiments shown in FIGS. 1-4 illustrate one or more

laminates affixed to one or more lens bodies incorporated into an example eyeglass design.

It should be noted that the thicknesses and relative thicknesses of the various lens elements

are not drawn to scale but are drawn to more easily illustrate certain aspects of the

eyewear 100. The eyewear 100 can be of any type, including general-purpose eyewear,

special-purpose eyewear, sunglasses, driving glasses, sporting glasses, goggles, indoor

eyewear, outdoor eyewear, vision-correcting eyewear, contrast-enhancing eyewear,

chroma-enhancing eyewear, color-enhancing eyewear, color-altering eyewear, eyewear

designed for another purpose, or eyewear designed for a combination of purposes. Lenses

and frames of many other shapes and configurations may be used, as will become apparent

based upon the disclosure herein.

[0039] FIGS. 1-4 illustrate eyewear 100 having lenses 102a, 102b. The lenses

102a and 102b can be corrective lenses or non-corrective lenses and can be made of any of

a variety of optical materials including glasses or plastics such as acrylics or

polycarbonates. The lenses can have various shapes. For example, the lenses 102a, 102b

can be flat, have 1 axis of curvature, 2 axes of curvature, or more than 2 axes of curvature,

the lenses 102a, 102b can be cylindrical, parabolic, spherical, flat, or elliptical, or any other

shape such as a meniscus or catenoid. When worn, the lenses 102a, 102b can extend



across the wearer's normal straight ahead line of sight, and can extend substantially across

the wearer's peripheral zones of vision. As used herein, the wearer's normal line of sight

shall refer to a line projecting straight ahead of the wearer's eye, with substantially no

angular deviation in either the vertical or horizontal planes. In some embodiments, the

lenses 102a, 102b extend across a portion of the wearer's normal straight ahead line of

sight.

[0040] The outside surface of lenses 102a or 102b can conform to a shape

having a smooth, continuous surface having a constant horizontal radius (sphere or

cylinder) or progressive curve (ellipse, toroid or ovoid) or other aspheric shape in either

the horizontal or vertical planes. The geometric shape of other embodiments can be

generally cylindrical, having curvature in one axis and no curvature in a second axis. The

lenses 102a, 102b can have a curvature in one or more dimensions. For example, the

lenses 102a, 102b can be curved along a horizontal axis. As another example, lenses 102a,

102b can be characterized in a horizontal plane by a generally arcuate shape, extending

from a medial edge throughout at least a portion of the wearer's range of vision to a lateral

edge. In some embodiments, the lenses 102a, 102b are substantially linear (not curved)

along a vertical axis. In some embodiments, the lenses 102a, 102b have a first radius of

curvature in one region, a second radius of curvature in a second region, and transition

sites disposed on either side of the first and second regions. The transition sites can be a

coincidence point along the lenses 102a, 102b where the radius of curvature of the lenses

102a, 102b transitions from the first to the second radius of curvature, and vice versa. In

some embodiments, lenses 102a, 102b can have a third radius of curvature in a parallel

direction, a perpendicular direction, or some other direction. In some embodiments, the

lenses 102a, 102b can lie on a common circle. The right and left lenses in a high-wrap

eyeglass can be canted such that the medial edge of each lens will fall outside of the

common circle and the lateral edges will fall inside of the common circle. Providing

curvature in the lenses 102a, 102b can result in various advantageous optical qualities for

the wearer, including reducing the prismatic shift of light rays passing through the lenses

102a, 102b, and providing an optical correction.

[0041] A variety of lens configurations in both horizontal and vertical planes

are possible. Thus, for example, either the outer or the inner or both surfaces of the lens

102a or 102b of some embodiments can generally conform to a spherical shape or to a



right circular cylinder. Alternatively either the outer or the inner or both surfaces of the

lens may conform to a frusto-conical shape, a toroid, an elliptic cylinder, an ellipsoid, an

ellipsoid of revolution, other asphere or any of a number of other three dimensional

shapes. Regardless of the particular vertical or horizontal curvature of one surface,

however, the other surface may be chosen such as to minimize one or more of power,

prism, and astigmatism of the lens in the mounted and as-worn orientation.

[0042] The lenses 102a, 102b can be linear (not curved) along a vertical plane

(e.g., cylindrical or frusto-conical lens geometry). In some embodiments, the lenses 102a,

102b can be aligned substantially parallel with the vertical axis such that the line of sight is

substantially normal to the anterior surface and the posterior surface of the lenses 102a,

102b. In some embodiments, the lenses 102a, 102b are angled downward such that a line

normal to the lens is offset from the straight ahead normal line of sight by an angle φ . The

angle φ of offset can be greater than about 0° and/or less than about 30°, or greater than

about 10° and/or less than about 20°, or about 15°, although other angles φ outside of

these ranges may also be used. Various cylindrically shaped lenses may be used. The

anterior surface and/or the posterior surface of the lenses 102a, 102b can conform to the

surface of a right circular cylinder such that the radius of curvature along the horizontal

axis is substantially uniform An elliptical cylinder can be used to provide lenses that have

non-uniform curvature in the horizontal direction. For example, a lens may be more

curved near its lateral edge than its medial edge. In some embodiments, an oblique (non-

right) cylinder can be used, for example, to provide a lens that is angled in the vertical

direction.

[0043] In some embodiments, the eyewear 100 incorporates canted lenses

102a, 102b mounted in a position rotated laterally relative to conventional centrally

oriented dual lens mountings. A canted lens may be conceived as having an orientation,

relative to the wearer's head, which would be achieved by starting with conventional dual

lens eyewear having centrally oriented lenses and bending the frame inwardly at the

temples to wrap around the side of the head. When the eyewear 100 is worn, a lateral

edge of the lens wraps significantly around and comes in close proximity to the wearer's

temple to provide significant lateral eye coverage.

[0044] A degree of wrap may be desirable for aesthetic styling reasons, for

lateral protection of the eyes from flying debris, or for interception of peripheral light.



Wrap may be attained by utilizing lenses of tight horizontal curvature (high base), such as

cylindrical or spherical lenses, and/or by mounting each lens in a position which is canted

laterally and rearwardly relative to centrally oriented dual lenses. Similarly, a high degree

of rake or vertical tilting may be desirable for aesthetic reasons and for intercepting light,

wind, dust or other debris from below the wearer's eyes. In general, "rake" will be

understood to describe the condition of a lens, in the as-worn orientation, for which the

normal line of sight strikes a vertical tangent to the lens 102a or 102b at a non-

perpendicular angle.

[0045] The lenses 102a, 102b can be provided with anterior and posterior

surfaces and a thickness therebetween, which can be variable along the horizontal

direction, vertical direction, or combination of directions. In some embodiments, the

lenses 102a, 102b can have a varying thickness along the horizontal or vertical axis, or

along some other direction. In some embodiments, the thickness of the lenses 102a, 102b

tapers smoothly, though not necessarily linearly, from a maximum thickness proximate a

medial edge to a relatively lesser thickness at a lateral edge. The lenses 102a, 102b can

have a tapering thickness along the horizontal axis and can be decentered for optical

correction. In some embodiments, the lenses 102a, 102b can have a thickness configured

to provide an optical correction. For example, the thickness of the lenses 102a, 102b can

taper from a thickest point at a central point of the lenses 102a, 102b approaching lateral

segments of the lenses 102a, 102b. In some embodiments, the average thickness of the

lenses 102a, 102b in the lateral segments can be less than the average thickness of the

lenses 102a, 102b in the central zone. In some embodiments, the thickness of the lenses

102a, 102b in at least one point in the central zone can be greater than the thickness of the

lenses 102a, 102b at any point within at least one of the lateral segments.

[0046] In some embodiments, the lenses 102a, 102b can be finished, as

opposed to semi-finished, with the lenses 102a, 102b being contoured to modify the focal

power. In some embodiments, the lenses 102a, 102b can be semi-finished so that the

lenses 102a, 102b can be capable of being machined, at some time following manufacture,

to modify their focal power. In some embodiments, the lenses 102a, 102b can have optical

power and can be prescription lenses configured to correct for near-sighted or far-sighted

vision. The lenses 102a, 102b can have cylindrical characteristics to correct for

astigmatism



[0047] The eyewear 100 can include a mounting frame 104 configured to

support the lenses 102a, 102b. The mounting frame 104 can include orbitals that partially

or completely surround the lenses 102a, 102b. Referring to FIGS. 1-4, it should be noted

that the particular mounting frame 104 is not essential to the embodiments disclosed

herein. The frame 104 can be of varying configurations and designs, and the illustrated

embodiments shown in FIGS. 1-4 are provided for exemplary purposes only. As

illustrated, the frame 104 may include a top frame portion and a pair of ear stems 106a,

106b that are pivotably connected to opposing ends of the top frame portion. Further, the

lenses 102a, 102b may be mounted to the frame 104 with an upper edge of the lens 102a

or 102b extending along or within a lens groove and being secured to the frame 104. For

example, the upper edge of the lens 102a or 102b can be formed in a pattern, such as a

jagged or non-linear edge, and apertures or other shapes around which the frame 104 can

be injection molded or fastened in order to secure the lens 102a or 102b to the frame 104.

Further, the lenses 102a, 102b can be removably attachable to the frame 104 by means of a

slot with inter-fitting projections or other attachment structure formed in the lenses 102a,

102b and/or the frame 104.

[0048] It is also contemplated that the lenses 102a, 102b can be secured along

a lower edge of the frame 104. Various other configurations can also be utilized. Such

configurations can include the direct attachment of the ear stems 106a, 106b to the lenses

102a, 102b without any frame, or other configurations that can reduce the overall weight,

size, or profile of the eyeglasses. In addition, various materials can be utilized in the

manufacture of the frame 104, such as metals, composites, or relatively rigid, molded

thermoplastic materials which are well known in the art, and which can be transparent or

available in a variety of colors. Indeed, the mounting frame 104 can be fabricated

according to various configurations and designs as desired. In some embodiments, the

frame 104 is configured to retain a unitary lens that is placed in front of both eyes when

the eyewear is worn. Goggles can also be provided that include a unitary lens that is

placed in front of both eyes when the goggles are worn.

[0049] The eyewear 100 can include a pair of earstems 106a, 106b pivotably

attached to the frame 104. In some embodiments, the earstems 106a, 106b attach directly

to the lenses 102a, 102b. The earstems 106a, 106b can be configured to support the

eyewear 100 when worn by a user. For example, the earstems 106a, 106b can be



configured to rest on the ears of the user. In some embodiments, the eyewear 100 includes

a flexible band used to secure the eyewear 100 in front of the user's eyes in place of

earstems 106a, 106b.

[0050] The lenses 102a, 102b include a lens body 108 and a laminate 110 . The

laminate 110 can be substantially permanently affixed to the lens body 108, or the laminate

110 can be configured to be separable from the lens body 108. In some embodiments, the

laminate 110 is configured to be removable such that a user, manufacturer, or retailer can

apply, remove, or change the laminate 110 after manufacture of the eyewear 100. In this

way, a variety of functional elements can be introduced into the eyewear 100 increasing

the possible utility of the eyewear 100 because one pair of glasses or goggles can be

altered to provide functionality suitable for different occasions.

[0051] Each of the laminate 110 and lens body 108 can include one or more

layers that provide functional aspects to the lens. For example, the lens body 108 and

laminate 110 can include a polarizing layer, one or more adhesive layers, a photochromic

layer, electrochromic material, a hard coat, a flash mirror, a liquid-containing layer, an

antireflection coating, a mirror coating, an interference stack, chroma enhancing dyes, an

index-matching layer, a scratch resistant coating, a hydrophobic coating, an anti-static

coating, chroma enhancement dyes, color enhancement elements, trichoic filters, glass

layers, hybrid glass-plastic layers, anti-reflective coatings, other lens elements, or a

combination of lens components. If the lens 102 includes a photochromic layer, the

photochromic material can include a neutral density photochromic or any other suitable

photochromic. At least some of the lens components and/or materials can be selected such

that they have a substantially neutral visible light spectral profile. In some embodiments,

the visible light spectral profiles can cooperate to achieve any desired lens chromaticity, a

chroma-enhancing effect, color enhancement, another goal, or any combination of goals.

The polarizing layer, the photochromic layer, anti-reflection layer, hydrophobic coating,

hard coat, and/or other functional layers can be incorporated into the lens body 108, the

laminate 110, or both. In some embodiments, the lenses 102a, 102b include one or more

lens coatings on the lens body 108, the laminate 110, or both.

[0052] In some embodiments, one or more advantages can be realized in at

least some circumstances when a lens function, such as, for example, an anti-reflection

film, is added to a lens body by a lamination process. For example, functional elements



such as optical filters, mirror elements, anti-fog layers, interference stacks, light polarizers,

and photochromic layers can be incorporated into the lens 102a or 102b without using

processes to coat the surface of the lens. As described herein, coating or deposition

processes sometimes incorporate steps that can substantially degrade or impair certain

functional lens elements or layers. Certain coating processes create surfaces that are not

entirely smooth or uniform Thus, undesirable and unpredictable optical effects that would

otherwise be expected to occur in the lens 102a or 102b if the surface were coated, are

reduced, minimized, or eliminated altogether when the lenses 102a, 102b are manufactured

according to techniques described herein.

[0053] In some embodiments, a lens 102a or 102b includes an injection

molded, polymeric lens body 108 having a concave surface and a convex surface. The lens

body 108 can be formed of polycarbonate (or PC), allyl diglycol carbonate monomer

(being sold under the brand name CR-39®), glass, nylon, polyurethane, polyethylene,

polyimide, polyethylene terephthalate (or PET), biaxially-oriented polyethylene

terephthalate polyester film (or BoPET, with one such polyester film sold under the brand

name MYLAR®), acrylic (polymethyl methacrylate or PMMA), a polymeric material, a

co-polymer, a doped material, any other suitable material, or any combination of materials.

The lens body 108 can be rigid and other layers of the lens can conform to the shape of the

lens body 108 such that the lens body 108 dictates the shape of the lens 102a or 102b.

The lens body 108 can be symmetrical across a vertical axis of symmetry, symmetrical

across a horizontal axis of symmetry, symmetrical across another axis, or asymmetrical. In

some embodiments, the front and back surfaces of the lens body 108 can conform to the

surfaces of respective cylinders that have a common center point and different radii. In

some embodiments, the lens body can have a front and back surfaces that conform to the

surfaces of respective cylinders that have center points offset from each other, such that

the thickness of the lens body 108 tapers from a thicker central portion to thinner end

portions. The surfaces of the lens body 108 can conform to other shapes, as discussed

herein, such as a sphere, toroid, ellipsoid, asphere, piano, frusto-conical, and the like. In

some embodiments, a thermoforming process can be used to conform the laminate 110 to

the lens body 108 having a shape described herein.

[0054] The lens body 108 can be contoured during initial formation to have an

optical magnification characteristic that modifies the focal power of the lens 102a or 102b.



In some embodiments, the lens body 108 can be machined after initial formation to modify

the focal power of the lens 102a or 102b. The lens body 108 can provide a substantial

amount of the optical power and magnification characteristics to the lens 102a or 102b. In

some embodiments, the lens body 108 provides the majority of the optical power and

magnification characteristics. Apportioning the majority of optical power and

magnification to the lens body 108 can permit selection of lens body 108 materials and lens

body 108 formation techniques that provide improved lens 102a, 102b optical power and

magnification characteristics, without adversely affecting selection of laminate 110

materials and formation techniques.

[0055] The lens body 108 can be injection molded, although other processes

can be used to form the shape of the lens blank body, such as thermo forming or machining.

In some embodiments, the lens body 108 is injection molded and includes a relatively rigid

and optically acceptable material such as polycarbonate. The curvature of the lens body

108 would thus be incorporated into a molded lens blank. A lens blank can include the

desired curvature and taper in its as-molded condition. One or two or more lens bodies of

the desired shape may then be cut from the optically appropriate portion of the lens blank

as is understood in the art. In some embodiments, the frame 104 is provided with a slot or

other attachment structure that cooperates with the molded and cut shape of the lens body

108 and laminate 110 to minimize deviation from, and even improve retention of its as-

molded shape. In some embodiments, the lens body 108 can be stamped or cut from flat

sheet stock and then bent into the curved configuration using a process such as

thermoforming. This curved configuration can then be maintained by the use of a

relatively rigid, curved frame 104, or by heating the curved sheet to retain its curved

configuration.

[0056] The laminate 110 can be attached to the lens body 108, for example,

through a thermally-cured adhesive layer, a UV-cured adhesive layer, electrostatic

adhesion, pressure sensitive adhesives, or any combination of these. Examples of bonding

technologies that may be suitable for attaching the laminate 110 to the lens body 108

include thermal welding, fusing, pressure sensitive adhesives, polyurethane adhesives,

electrostatic attraction, thermoforming, other types of adhesives, materials curable by

ultraviolet light, thermally curable materials, radiation-curable materials, other bonding

methods, other bonding materials, and combinations of methods and/or materials. In some



embodiments, any technique suitable for affixing the laminate 110 to the lens body 108 can

be used. Some embodiments of a lens 102a or 102b includes a lens body 108 and a

laminate 110 that are bonded together. In some embodiments, the laminate 110 and the

lens body 108 can be integrally connected to each other and can be adhesively bonded

together.

[0057] The laminate 110 can include a single layer or multiple layers. The

laminate 110 can have one or more layers in single or multiple layer form that can be

coated with a hard coat or a primer. For example, the laminate 110 can be a single layer of

polycarbonate, PET, polyethylene, acrylic, nylon, polyurethane, polyimide, BoPET,

another film material, or a combination of materials. As another example, the laminate can

include multiple layers of film, where each film layer includes polycarbonate, PET,

polyethylene, acrylic, nylon, polyurethane, polyimide, BoPET, another film material, or a

combination of materials.

[0058] The laminate 110 can include several layers that serve various functions

within the lenses 102a, 102b. In some embodiments, one or more layers in the laminate

110 can provide optical properties to the lenses 102a, 102b such as optical filtering,

polarization, photo chromism, electrochromism, partial reflection of incoming visible light,

chroma enhancement, color enhancement, color alteration, or any combination of these. In

some embodiments, one or more layers within the laminate 110 can provide mechanical

protection to the lenses 102a, 102b or other layers within the laminate 110, reduce stresses

within the laminate 110, or improve bonding or adhesion among the layers in the laminate

110 and/or between the laminate 110 and the lens body 108. In some embodiments, the

laminate 110 can include layers that provide additional functionality to the lenses 102a,

102b such as, for example, anti-reflection functionality, anti-static functionality, anti-fog

functionality, scratch resistance, mechanical durability, hydrophobic functionality,

reflective functionality, darkening functionality, aesthetic functionality including tinting, or

any combination of these.

[0059] As an example, the laminate 110 can include one or more layers that

can serve to thermally insulate the laminate 110 such that it can be used in high

temperature molding processes without subjecting the certain functional layers to

temperatures sufficient to significantly degrade their optical performance. In some

embodiments, the laminate 110 can serve as a thermally isolating element or vehicle that



can incorporate functional elements that may be degraded if subjected to high temperature

manufacturing processes. As such, the laminate 110 can be used to incorporate these

types of functional elements into lenses that otherwise are formed and/or manufactured

using high temperature processes. As an example, the laminate 110 can include a substrate

with one or more functional coatings deposited thereon. The functional coatings can

include elements that would be degraded or whose performance would be altered if

subjected to high temperatures, such as certain chroma enhancement dyes. The laminate

110 could then be bonded to the lens body 108 using a UV-cured adhesive, thus thermally

isolating the laminate 110 and the included functional layers from the high temperature

processes associated with the manufacture of the lens body 108.

[0060] As an example of incorporating functionality into a lens 102, the

laminate 110 or the lens body 108 can include layers or elements that serve to tint the lens

102. Tinting can be added to a lens element in different ways. In some embodiments,

color can be deposited on the lens element using a vapor or liquid source. The color can

coat the lens element or it can penetrate into the element. In some embodiments, color can

be added to a material used to make the lens element, such as adding powdered color or

plastic pellets to material that is extruded, injection molded, or otherwise molded into a

lens element. In some embodiments where liquids are used, the color can be added by a

dip process. In such embodiments, a gradient tint or bi-gradient tint can be achieved

through the dip process. In certain embodiments, a liquid coloring technique can be used

to tint one or more lens elements. For example, liquid dye can be added to the polymer

during an injection molding process.

[0061] By applying a tint to the laminate 110 or another layer that becomes a

part of the laminate 110, a substantial increase in manufacturing capacity can be realized

because of the nature of manufacturing a laminates. Another advantageous feature can be

that undesired color transfer, e.g. to lens cloths of packaging, can be reduced or eliminated

by not positioning the tinted layer on an exterior surface of the lens, e.g. putting the tinted

layer between protective layers. Moreover, tinting can be applied to layers which do not

experience high temperature processes during manufacture which can protect

chromophores that may have poor heat stability. In some embodiments, tint is included in

a layer, such as a functional layer or substrate layer. For example, a solution incorporating

chromophores having desired chromatic properties can be applied to a functional hard coat



layer that is porous. As a result, the hard coat layer can be impregnated with the

chromophores. As another example, powdered dyes can be included with plastic pellets

during the manufacture of the plastic. The compatible dyes can form a substantially

uniform mixture with the plastic to form a tinted plastic material. In some embodiments, a

tinted layer can be constructed such that chromophores can be a principal component of

the layer or a smaller fraction of the tinted layer, according to the desired chromatic

properties of the layer. The thickness of the layer can be adjusted to achieve a desired

color profile of the lens.

[0062] Some embodiments provide for eyewear 100 having electrochromic

functionality incorporated into the laminate 110 . The eyewear 100 can include a power

source, such as a battery, an electrical contact, and a conductor that conveys a voltage to

an electrode in the electrochromic laminate. The eyewear 100 can include a user interface

element integrated into the frame 104, the earstems 106, the lens 102, or any combination

of these. The user interface element can be configured to allow the user to control

activation and deactivation of the electrochromic layer. The user interface element can be

a switch, button, toggle, slide, touch-interface element, knob, other mechanical feature, or

other electrical feature. For example, the user interface element can include a touch-

sensitive region where if a user contacts said region the electrochromic element changes

state from dark to transparent. In some embodiments, a lens includes both photochromic

and electrochromic layers, integrated into a single functional layer or implemented in

separate functional layers.

[0063] An advantage of incorporating functional elements into the laminate

110 and/or lens body 108 is that it provides the ability to separately manufacture each

functional lens element. Thus, elements can be made in parallel and assembled to make a

lens 102 having desired functional qualities, thereby increasing manufacturing capabilities

and/or lowering costs. In addition, multiple functional properties can be imparted to a lens

using the techniques and lens elements described herein, providing flexibility and greater

capacity for creating lenses 102 with varying characteristics.

Example Configurations of Lens Bodies and Laminates in Eyewear

[0064] The eyewear 100 can incorporate one or more lens bodies and one or

more laminates in various configurations. Each lens body and each laminate can be



configured to provide a variety of functions. Thus, a manufacturer, retailer, user, or the

like can select functional layers in the lens bodies and laminates and/or the configuration of

the lens bodies and laminates to provide desired functionality. Sample configurations of

laminates and lens bodies are illustrated in FIGS. 1-4. Other variations and permutations

of laminates and lens bodies are contemplated by the present disclosure as well.

[0065] FIGS. 1 and 1A illustrate an example embodiment of eyewear 100

having a laminate 110 attached to the convex side of a lens body 108. On the convex side

of the lens body 108, the laminate can be configured to provide functionality suitable for

that position. For example, it may be desirable that eyewear 100 have a flash mirror

coating on the exterior side of the lenses 102a, 102b. This can be accomplished by

attaching a laminate 110 that has a flash mirror coating incorporated therein. Where the

laminate 110 is removable, positioning the laminate on the convex side of the lenses 102a,

102b may allow for easier application and removal of the larninate 110.

[0066] The laminate 110 positioned on the convex surface of the lens body 108

can provide the eyewear 100 with desirable attributes. For example, the larninate 110 can

include a polarizing layer, anti-reflection coating, a photochromic layer, flash mirror, hard

coat, chroma enhancement dyes, color enhancement elements, an electro chromic layer,

contrast enhancement elements, a trichoic filter, a glass layer, a hybrid glass-plastic layer, a

liquid-containing layer, an refractive index matching layer, or any combination of these.

By incorporating these and other functionalities into the larninate 110, the lens body 108

can have a coating applied or functional layer deposited using vapor deposition without

substantially altering the desirable functional attributes of the larninate 110. For example,

the lens body 108 can be immersion or dip coated with a hydrophobic layer. The larninate

110 can have an anti-reflection coating applied and the laminate 110 can be joined to the

lens body 108 after the application of the hydrophobic layer such that the resulting lens

includes both the hydrophobic functionality and the anti-reflection functionality without

substantially altering the functionality of either coating. In another example, the larninate

110 can include a flash mirror and one or more hard coats on either side of the larninate

110. The lens body 108 can include an anti-fog coating on the concave side of the lens

body 108 and one or more hard coats on either side of the lens body 108. The flash mirror

can be incorporated into the larninate 110 using vapor deposition techniques. The anti-fog

coating can be incorporated into the lens body 108 using immersion process techniques.



The laminate 110 can then be attached to the lens body 108 by way of an adhesion layer

such that the flash mirror side of the laminate 110 forms the exterior side of the finished

lens and the anti-fog coating of the lens body 108 forms the interior side of the finished

lens. In some embodiments, the lens 102 can include a heated lens element that can

provide anti-fog functionality. For example, an electrically conductive transparent film of

indium tin oxide-based material, zinc oxide-based material, or another suitable conductive

material with substantial transparency can be included in a lens element, and a voltage can

be applied across it such that heat is generated. As another example, the lens element can

include non-transparent filaments that heat when a voltage is applied across them,

providing an anti-fog functionality.

[0067] FIGS. 2 and 2A illustrate an example embodiment of eyewear 100

having a laminate 110 attached to the concave side of a lens body 108. Positioning the

laminate 110 on the concave side of the lens body 108 allows for the incorporation of

functionality that is desirable to be located on the interior of a lens. For example, in

eyewear that forms an enclosure with the skin of the user, it may be advantageous to

include an anti-fog coating on the interior side of a lens to reduce or prevent condensation

on the lens caused by evaporating moisture in the enclosure. In sunglasses, it may be

desirable to provide an anti-reflective coating to the interior side of a lens to reduce or

prevent glare caused by light coming in from behind the user. In some embodiments, the

lenses 102a, 102b are semi-finished and functionality is desirable on the concave surface so

the convex surface can be processed, machined, or grinded without substantially altering

the functional properties of the lenses 102a, 102b. Attaching the laminate 110 to the

concave side of the lens body 108 can better protect the laminate 110 from scratches or

other damage because generally the concave side of the lens 102a or 102b is better

protected (e.g., by the concave shape of the lens or by the earstems of the eyewear).

[0068] FIGS. 3 and 3A illustrate an example embodiment of an eyewear 100

having laminates 110a, 110b attached to convex and concave sides of a lens body 108. In

some embodiments, the lens body 108 does not contain functional elements as described

above. The functional qualities of the finished lens, then, arise due to the presence of the

laminates 110a, 110b. This configuration allows for the production of "generic" lens

bodies that are later infused with fiinctionality from the association with one or more

laminates. For example, the lens body 108 can be a polycarbonate lens that does not have



any other functional element included therein. In this scenario, an anti-fog coating can be

applied to the concave side of the lens body 108 through the use of laminate 110b.

Additionally, an anti-reflective coating can be applied to the convex side of the lens body

108 through the use of laminate 110a. Thus, the lenses 102a, 102b can include an anti-fog

coating and an anti-reflection coating on the lens body 108 through laminates 110a, 110b.

In some embodiments, the lens body 108 includes functional aspects and the laminates

110a, 110b include additional and/or complementary functional aspects. For example, the

lens body 108 can include a hard coat on one or both sides and a polarizing film. The

laminate 110a can include one or more chroma enhancing dyes. The laminate 110b can

include a hydrophobic layer, anti-static layer, or a photochromic layer.

[0069] FIGS. 4 and 4A illustrate an example embodiment of eyewear 100

having laminates 110a, 110b, 110c attached to lens bodies 108a, 108b. The laminate

110b, sandwiched between lens bodies 108a and 108b, can be used to incorporate

functionality into unfinished lenses 102a, 102b. For example, laminate 110b can include

functional aspects that are desirable to include in a finished lens, such as polarization,

photo chromism, electro chromism, color enhancement, contrast enhancement, tinting, or

chroma enhancement. The lens bodies 108a, 108b can be attached to either side of the

laminate 110b to form an unfinished lens. The lens can be then shaped, machined, coated,

grinded, and/or processed without substantially altering the functional aspects of the

laminate 110b. Laminates 110a and 110c can be attached after processing the lens bodies

108a, 108b to create a lens with the desired qualities.

Example Lens Having A Lens Body. Adhesion Layers, and Laminates

[0070] FIG. 5 illustrates an exploded view of a lens 500 having a lens body

510, a frontside laminate 520, a backside laminate 530, a frontside adhesion layer 540, and

a backside adhesion layer 550. It should be noted that the thicknesses and relative

thicknesses of the various lens elements are not drawn to scale but are drawn to more

easily illustrate certain aspects of the lens 500. Portions of FIG. 5 delineated by the dotted

ovals 6-8 indicate areas that are illustrated in greater detail in corresponding FIGS. 6-8.

[0071] FIG. 6 illustrates a detailed view of the lens body 510, the frontside

adhesion layer 540, and a portion of the frontside laminate 520. The lens body can include

a substrate layer 516 that can include a layer of, for example, polycarbonate, nylon,



polyurethane, polyethylene, polyimide, PET, BoPET, acrylic, glass, clear glass, doped

glass, filter glass, or any combination of these. The substrate layer 516 can have a

thickness greater than or equal to about 0.02" and/or less than or equal to about 0 .1". The

thickness of the lens body 510 can increase with the addition of the interface layers 514,

518 and the functional layers 512, 519. The substrate layer 516 can be configured to

provide or not provide optical correction. As more fully described herein, the lens body

510 can have a variety of shapes and can provide the foundation for the final shape of the

lens 500.

[0072] The first and second interface layers 514, 518 can include a hard coat

layer, index matching layers, or an anti-fog layer. In some embodiments, there are no

interface layers in the lens body 510. The first interface layer 514 and the second interface

layer 518 can be formed of any material(s) suitable for providing hardness, abrasion

resistance, and/or chemical resistance to the lens body 510, especially if the material

compatibility requirement is met. In some embodiments, the first interface layer 514 and

the second interface layer 518 can be formed of any material(s) suitable for providing

interference properties, anti-reflection properties, improved adhesion with other lens

elements, and/or providing a desirable index of refraction between the air and the laminate

520 or 530 and/or the laminate 520 or 530 and the lens body 510 . The first interface layer

514 and the second interface layer 518 can be situated in between any layer in the laminate

506 or lens body 510 such as between the first functional layer 512 and the substrate layer

516 . In some embodiments, the first interface layer 514 or the second interface layer 518

can be situated between the substrate layer 516 and the first and second functional layers

512 and 519.

[0073] As an example, the first interface layer 514 can have one or more index

matching layers applied to improve the optical quality of the lens 500. As another

example, the lens body substrate 516 can have a hard coat applied to it. The hard coat can

be used to increase the durability, scratch resistance, and/or chemical resistance of the

polymers or coatings onto which they are deposited and can provide similar functionality,

in addition to improving adhesion or bonding, to coatings applied on top of the hard coat.

For example, a base polymer treated with a polysiloxane hard coat can improve adhesion

for a coating applied on top of the hard coat, such as an anti-reflective coating. The

polysiloxane base coat can also improve the durability and longevity of the top coating.



This can be achieved where the polysiloxane base coat hardens the base polymer and the

top coating becomes hardier as a result, displaying more abrasion resistance than when the

top coat is applied directly to the base polymer. To apply a hard coat, the lens body

substrate 516 can be dipped in a polysiloxane material which can then be cured thermally.

The thermally cured hard coat can be harder and more resistant to scratching or smudging

than UV curable hard coats. The hard coat can be thermally cured at a temperature of

greater than or equal to about 115° F, and/or less than or equal to about 260° F, for a

period of time on the order of 2 ½ hours for high temperature to about 8 hours for low

temperature curing although values outside these ranges may also be used in some

embodiments. The hard coat can be thermally cured before other functional elements are

applied so that they are not exposed to the heat used for curing the hard coat. In some

embodiments, a hard coat on one or more lens elements can include a sol-gel material. For

example, a hard coat can include a mixture of organic and inorganic materials, such as

40 nm diameter inorganic mineral oxide particles suspended in a matrix of organic

composition, such as organic and silicon chains. In certain embodiments, polycarbonate

lens elements are coated with sol-gel hard coats. Other suitable hard coat materials can be

used depending on the composition of the lens elements. Many variations are possible.

[0074] In some embodiments, the second interface layer 518 can have an anti-

fog or hydrophobic coating applied using an acceptable technique, such as those described

herein above. In these embodiments, the lens 500 can exclude the backside laminate 530

and backside adhesion layer 550 such that the anti-fog layer includes the interior surface of

the lens 500. The hydrophobic coating can include, for example, sol-gel coatings using

alkoxides or pre-hydrolyzed solutions, a hydrophobic acting perfluoroalkysilane, a

fluorinated organosilane material, metal oxides, metal fluorides, another material or

substance providing hydrophobic properties, or any combination of these.

[0075] The first and second functional layers 512, 519 can include an

interference stack, a flash mirror, photochromic layer(s), electro chromic layer(s), anti-

reflective coating, anti-static coating, liquid containing layer, polarizing elements, chroma

enhancing dyes, color enhancing elements, contrast enhancing elements, trichoic filters, or

any combination of these. The functional layers 512, 519 can include one or more sub

layers thereby incorporating one or more functions into the lens body.



[0076] In some embodiments, the functional layer 512 or 519 is configured to

provide variable light attenuation. For example, the functional layer 512 or 519 can

include photochromic compositions that darken in bright light and fade in lower light

environments. Such compositions can include, for example, but without limitation, silver,

copper, and cadmium halides. Photochromic compounds for lenses are disclosed in U .S.

Pat. Nos. 6,3 12,8 11, 5,658,502, 4,537,612, each of which are hereby expressly

incorporated in its entirety herein by reference. A lens 500 incorporating one or more

photochromic functional layers would thus provide relatively little light attenuation when

used in a lower light environment, but would automatically provide increased light

attenuation when used in bright light, such as when worn outdoors. Thus, in some

embodiments, the lens 500 can be suitable for use in both indoor and outdoor

environments.

[0077] In some embodiments, functional layer 512 or 519 is an electro chromic

layer which can include a dichroic dye guest-host device configured to provide variable

light attenuation. For example, functional layer 512 or 519 can include spaced substrates

coated with a conducting layer, an alignment layer, and preferably a passivation layer.

Disposed between the substrates is a guest-host solution which includes a host material

and a light-absorbing dichroic dye guest. A power circuit can be supplied to the functional

layer 512 or 519 through a battery in the host eyewear. The power circuit provides a

supply of electrical power to the conducting layers. Adjustment of the power supply alters

the orientation of the host material which in turn alters the orientation of the dichroic dye.

Light is absorbed by the dichroic dye, depending upon its orientation, and thus provides

variable light attenuation, that can be manually adjusted by the wearer. Such a dichroic

dye guest-host device is disclosed in U .S. Pat. No. 6,239,778, which is hereby expressly

incorporated herein by reference in its entirety.

[0078] In some embodiments, an electrochromic functional layer is produced

by depositing a composition containing a cross-linkable polymer onto a suitable support

followed by in situ crosslinking. For example, a polymerizable composition can be applied

onto a glass plate coated with a layer of W0 3 and a tin oxide conductive sublayer, and

photopolymerized by UV irradiation to obtain a membrane that is optically transparent in

the visible range and adherent to the support. The membrane can then be assembled with a

counterelectrode formed on a glass plate bearing a layer of hydrogenated iridium oxide



Hxlr0 2 and a tin oxide sublayer. The polymerizable composition can be formed from the

lithium salt of trifluoro-methanesulfonyl(l-acryloyl-2,2,2-tri-fluoroethanesulfonyl)imide,

poly(theylene glycol) dimethacrylate, silica particles, and xanthone. In some embodiments,

an electrochromic layer is formed by two electrochromic layers separated by a film of ion-

conducting material. Each electrochromic layer can be borne by a substrate coated with a

conductive oxide, an indium tin oxide-based material, a zinc oxide-based material, or

another type of conductive layer. The ion-conducting material forms an ion-conducting

polymer electrolyte and is formed by a proton-conducting polymer, for example a 2-

acrylamido-2-methylpropanesulfonic acid homopolymer. The polymer film can be

produced by depositing onto one of the electrodes a liquid reaction mixture containing the

polymer precursor dissolved in a liquid solvent, for example a mixture of water and NMP.

In some embodiments, an electrochromic layer includes an electrode and a

counterelectrode separated by a solid polymer electrolyte, the electrode being formed by a

transparent substrate bearing an electronically conductive film coated with a film of a

cathode active material with electrochromic properties, the counterelectrode being formed

by a transparent substrate bearing an electronically conductive film coated with a film of an

anode active material with electrochromic properties, the electrolyte being formed by an

ion-conducting material including a salt dissolved in a solvating solid polymer. The

electrochromic layer can be characterized in that the electrolyte membrane is intercalated

in the form of a composition of low viscosity free of volatile liquid solvent and including a

polymer or a polymer precursor and a salt.

[0079] In some embodiments, the functional layer 512 or 519 has a filter that

enhances chroma in a wavelength-conversion window, a background-window, a spectral-

width window, another chroma enhancement window (CEW), or any combination of

CEWs. The chroma-enhancing filter generally changes the colorfulness of a scene viewed

through a lens 500 compared to a scene viewed through a lens with the same luminous

transmittance but a different spectral transmittance profile. An optical filter can be

configured to enhance the chroma profile of a scene when the scene is viewed through a

lens that incorporates the optical filter. The optical filter can be configured to increase or

decrease chroma in one or more chroma enhancement windows in order to achieve any

desired effect. The chroma-enhancing optical filter can be configured to preferentially

transmit or attenuate light in any desired chroma enhancement windows. Any suitable



process can be used to determine the desired chroma enhancement windows. For

example, the colors predominantly reflected or emitted in a selected environment can be

measured, and a filter can be adapted to provide chroma enhancement in one or more

spectral regions corresponding to the colors that are predominantly reflected or emitted.

In some embodiments of the lens 500, the optical filter is partially incorporated into the

lens body 510. In certain embodiments, the optical filter can be partially incorporated into

the laminate 520 or 530. The functional layer 512 or 519 can include one or more chroma

enhancement dyes configured to attenuate visible light passing through the lens 500 in one

or more spectral bands. In some embodiments, one or more portions of the optical filter

can be incorporated into the functional layers 512 and 519, into the lens body substrate

516, into an interface layer 514, 518, into an adhesive layer 540, 550, into another lens

element, or into a combination of elements. For example, the functional layer 512 or 519

can be structured to include one or more chroma enhancement dyes that increase the

chroma of a scene as compared to the chroma of a substantially unfiltered scene.

[0080] In some embodiments, the functional layer 512 or 519 includes a mirror

coating configured to partially reflect light incident on the exterior side of the lens. This

coating can be partially reflective and partially transmissive such that the user does not see

the reflected light. For example, the substrate 516 can be treated with a metallic coating,

such as chromium or aluminum, using a vacuum coating machine, thereby creating a

functional layer that partially reflects and transmits light. In some embodiments, the mirror

coating includes a dielectric, such as silicon oxide, to improve reflectance, to impart

coloration to the lens, to impart resistance to abrasion to the coating, or any combination

of these. In addition to providing a partially mirrored surface, the metallic coating can

provide additional strength and durability to the lens body 510 or other lens element.

[0081] In some embodiments, the functional layer 512 or 519 includes an anti-

reflective coating. An antireflective coating for a lens can have a number of different

configurations. For example, an interference coating can have one or more thin layers that

are configured to reduce reflections through destructive interference. In some

configurations, an antireflective interference coating has multiple layers formed from

alternating low-refractive index and high-refractive index materials. The coating can be

deposited on the substrate 516 using vacuum deposition. In some embodiments, the

interference coating can be formed by depositing each of the plurality of high-refractive



index layers by contacting the substrate with a vapor phase pulse of one or more high-

refractive index source chemicals while simultaneously contacting the substrate with an

energetic ion beam, such that each of the deposited plurality of high-refractive index layers

can include a substantially fully oxidized metal oxide thin film. The one or more high-

refractive index source chemicals can include at least one of zirconium dioxide, niobium

oxide, titanium dioxide, tantalum pentoxide, cerium oxide, or hafnium oxide. In some

embodiments, each of the plurality of low-refractive index layers can be deposited by

contacting the substrate with a vapor phase pulse of one or more low-refractive index

source chemicals, such that the deposited plurality of low-refractive index layers are

arranged in an alternating relationship with the deposited plurality of high-refractive index

layers. The one or more low-refractive index source chemicals can include silica, such as

silicon dioxide.

[0082] The thicknesses of the plurality of high-refractive index layers and the

plurality of low-refractive index layers can be selected such that, when the multilayer

interference coating is deposited on a surface of an ophthalmic lens, a desired luminous

reflectance at the surface of the ophthalmic lens is achieved. In some embodiments, the

material system of an antireflective stack is free or mostly free of materials that absorb any

substantial portion of visible light. In certain embodiments, the luminous transmittance of a

clear polycarbonate lens coated with an antireflective stack described herein is greater than

or equal to about 97%, greater than or equal to about 97. 5%, about 98%, or greater than

or equal to about 98%. In some embodiments, the luminous reflectance of the coated lens

is less than about 4%, less than about 3%, less than about 2 .5%, or less than about 2%.

The disclosed coatings can be applied to the convex surface, the concave surface, or both

the convex and concave surfaces of a lens. In certain embodiments, the luminous

reflectance of a coated surface of a lens is less than about 2%, less than about 1.5%, less

than about 1%, or less than about 0 .5%. As used herein, luminous transmittance and

luminous reflectance can be measured with respect to a standard daylight illuminant, such

as CIE illuminant D6 5. In certain embodiments, each of the plurality of low refractive

index layers is deposited without using ion beam assisted deposition.

[0083] In some embodiments, the functional layer 512 or 519 includes a

polarizer. For example, a polarizer can include a polycarbonate sheet, a polymeric film,

and a polarizing thin layer. The polymeric film can include a polyvinyl alcohol (PVA) film,



polyvinylformal film, polyvinylacetal film, and a saponified copolymer film. The polymeric

film can include a dichroic substance or iodine, which can be adsorbed on the film and

oriented to substantially block light having a certain polarization. The polycarbonate sheet

can be bonded to the polymeric film using a transparent adhesive, for example, an acrylic

adhesive, epoxy type adhesive, or urethane type adhesive such as a polyurethane adhesive.

In some embodiments, the polarizing element can include two polycarbonate sheets on

either side of a PVA film In some embodiments, the functional layer 512 can include a

PVA film treated with a dichroic substance or iodine. In some embodiments, the laminate

520 includes a polarizing laminate which includes a PVA film and one or more

polycarbonate sheets bonded together using a polyurethane adhesive. Examples of such

polarizing elements are disclosed in U.S. Pat. No. 5,051,301 to Kawaki et al., which is

hereby incorporated herein by reference in its entirety. In some embodiments, thermally

cured adhesives are used in conjunction with polarizing elements. As described herein,

incorporating functional elements into a laminate can thermally insulate and/or thermally

isolate the elements during manufacture. Iodine dyes, which typically have a higher

polarization efficiency compared to dichroic dyes, typically have a lower thermal stability

making them less desirable for use with lenses manufactured using high temperatures. A

polarizing filter including an iodine dye can be incorporated into a laminate 510 or 530,

however, without substantially degrading the dyes due to exposure to high temperatures,

thereby providing the higher efficiency polarizing dye in a lens 500.

[0084] The frontside adhesion layer 540 can include an adhesive layer that is

thermally or UV cured, a pressure sensitive adhesive, or the lens elements can be joined

through electrostatic adhesion. The frontside adhesion layer 540 can be configured to join

the frontside laminate 520 and the lens body 510. Methods and materials suitable for

bonding the lens body 510 to the frontside laminate 520 can be used to facilitate adhesion

between two or more lens elements. Examples of bonding technologies that may be

suitable include thermal welding, fusing, pressure sensitive adhesives, polyurethane

adhesives, electrostatic attraction, thermoforming, other types of adhesives, materials

curable by ultraviolet light, thermally curable materials, radiation-curable materials, other

bonding methods, other bonding materials, and combinations of methods and/or materials.

In some embodiments, a pressure sensitive adhesive can be used in the frontside adhesion

layer 540 and can be rolled, sprayed, or otherwise applied to a surface so that it is disposed



between the lens body 510 and the frontside laminate 520. Materials suitable for use as

the frontside adhesion layer 540 can be selected to have good optical properties, including

high optical transparencies, no yellowing upon exposure to sunlight, an ability to flex

during injection molding without becoming crazed, minimal shrinkage during curing, and

the like. The materials used for the frontside adhesion layer 540 can be curable by thermal

treatment or by treatment with ultraviolet light. In some embodiments, the adhesion layers

540, 550 can be used to index match materials in the lens 500.

[0085] In some embodiments, the adhesion layers 540, 550 incorporate one or

more chroma enhancement dyes. For example, the one or more chroma enhancement dyes

can be added to a container of the bonding material, and the mixture can be stirred or

otherwise agitated until the dyes are substantially, almost completely, or completely

dissolved into the bonding material. The bonding material can then be applied between

two or more lens components, thereby promoting adhesion between the components and

adding at least a portion of a chroma enhancement filter to the composite lens structure.

[0086] FIG. 7 illustrates a detailed view of the frontside laminate 520. FIG. 7

also includes frontside adhesion layer 540 and a portion of the lens body 510. As depicted

in FIG. 7, a lens 500 can include a frontside laminate 520 and a lens body 510 attached to

one another by way of an adhesion layer 540.

[0087] The laminate 520 can include a substrate layer 526. The substrate layer

526 can include a layer of, for example, polycarbonate, nylon, polyurethane, polyethylene,

polyimide, PET, BoPET, acrylic, or any combination of these. The substrate layer 516 can

have a thickness greater than or equal to about 0.002" and/or less than or equal to about

0.01". The thickness of the laminate 520 can increase with the addition of interface layers

524, 528 and functional layers 522, 529. In some embodiments, the substrate layer 526

can be configured to be malleable such that it can conform to the surface of a lens body

510 when adhered thereto.

[0088] The laminate 520 can include first and second interface layers 524, 528

such that the substrate layer 526 is sandwiched between the interface layers 524, 528. The

properties and characteristics of the interface layers 524, 528 on the laminate 520 are

similar to the interface layers 514, 518 of the lens body 510 described herein above with

reference to FIG. 6 . In some embodiments, the interface layers 524, 528 are configured to

maintain the malleability of the laminate 520. In some embodiments, the laminate is



substantially permanently affixed to the lens body 510, reducing or eliminating the desire

to maintain the flexibility of the laminate 520.

[0089] The laminate 520 can also include first and second functional layers

522, 529 positioned adjacent to the first and second interface layers 524, 528. The

functional layers 522, 529 have similar properties and characteristics to the functional

layers 512, 519 of the lens body 510 described herein above with reference to FIG. 6 .

[0090] In some embodiments, the laminate 520 of FIG. 7 is a polarizing wafer.

The polarizing wafer can be similar in many respects to polarizing wafers available from,

for example, Mitsubishi Gas Chemical Company, Inc. of Tokyo, Japan and Sumitomo

Bakelite Co. , Ltd. of Tokyo, Japan. The polarizing wafer can at least partially incorporate

an optical filter designed to provide chroma enhancement in one or more portions of the

visible spectrum. In some embodiments of the polarizing wafer, the substrate layer 526

includes a clear, stretched polycarbonate sheet having a thickness ranging from about 0.03

mm to about 4 mm, or a thickness ranging from about 0.05 mm to about 3 mm In some

embodiments, the first and second interface layers 524, 528 include polyurethane

adhesives. In certain embodiments, the laminate 520 can provide polarizing properties by

incorporating one or more dichroic dyes, iodine, or other suitable dyes into a polyvinyl

alcohol-type film having a thickness ranging from about 20 µη to about 120 µηι, or

ranging from about 30 µη to about 50 µη . Examples of a polyvinyl alcohol-type film are

a polyvinyl alcohol (PVA) film, a polyvinylformal film, a polyvinylacetal film and a

saponified (ethylene/ vinyl acetate) copolymer film. In some embodiments, the polarizing

properties of the wafer can be provided by a nano-wire grid which filters light through

plasmon reflection. In certain embodiments, the polarizing wafer can be coated with one

or more coatings to provide added functionality. In some embodiments, the PVA film of

the polarizing wafer can be coated with polyurethane or other suitable adhesives.

[0091] FIG. 8 illustrates a detailed view of the backside laminate 530 and the

backside adhesion layer 540. FIG. 8 also includes a portion of the lens body 510. The

properties of the backside laminate 530 are similar to those of the frontside laminate 520.

For example, the backside laminate 530 includes a substrate layer 536, first and second

interface layers 534, 538, and first and second functional layers 532, 539. The properties

of the substrate layer 536, the interface layers 534, 538, and the functional layers 532, 539



are similar to those described herein above with reference to the frontside laminate 520

illustrated in FIG. 7 .

[0092] Certain layers shown in the embodiments illustrated in FIGS. 6-7 can be

omitted. For example, in some cases, interface layers are not used in the lens body 510

and/or the laminates 520, 530. As another example, one or both of the functional layers

532, 539 in the backside laminate 530 can be omitted. In such a scenario, one or both of

the interface layers 534, 538 can be configured to provide functionality to the lens 500 by

incorporating index matching layers, hard coat layers, and/or anti-fog layers. In some

embodiments, the lens body 510 does not include interface layers 514, 518 and/or

functional layers 512, 519. In these embodiments, the lens 500 can incorporate the

frontside laminate 520 and/or the backside laminate 530 to impart desired functionality to

the lens. In some embodiments, the frontside laminate 520 does not include a first or

second functional layer 522 or 529 and/or interface layers 524, 528.

[0093] Functional layers may include sub-layers that are not specifically shown

in FIGS. 6, 7, and 8, where "layer" and "sub-layer" are used in their broad and ordinary

sense. For example, a layer or sub-layer can be a substantially contiguous film deposited

from a single coating material or a single group of coating materials. In some

embodiments, an antireflective coating can be applied to the front and/or back surfaces of

the laminates 520, 530, and/or lens body 510. Also, in some embodiments, a hard coat

layer or other protective layer can be formed on the front surface of the lens body 510 or

laminates 520, 530 so as to protect the underlying functional layers or interface layers from

scratches or other damage. In some embodiments, the functional layers in the laminates

520, 530 or lens body 510 can include a coating of cellulose triacetate (TAC) or other

coating on its front and/or back surfaces.

[0094] Table 1 summarizes the various materials, coatings, films, or layers that

can be used at the various positions described herein and illustrated in FIGS. 5-8.



Table 1 - Exam le lens la er o tions



Example 1

[0095] In example embodiment 1, a lens 500 includes a lens body 510

configured to provide optical correction. The lens body 510 includes a substrate layer 516

including polycarbonate having a thickness of about 0 .1" . In addition, the lens body 510

includes an anti-fog layer 518 disposed on the concave surface of the substrate 516 . The

anti-fog layer can be applied using a suitable immersion process, as described herein. The

lens 500 also includes a frontside laminate 520 disposed on the convex surface of the lens

body 510 and attached thereto using thermally-curable adhesion layer 540. The laminate

520 includes a substrate layer 526 including a thermoplastic polymer resin PET having a

thickness of about 0 .02". The laminate 520 also includes hard coat layers 524, 528

disposed on the convex and concave surfaces of the laminate substrate 526, respectively.

The laminate 520 also includes a flash mirror film 522 disposed on the convex surface of

the hard coat layer 524.

Example 2

[0096] Example embodiment 2 has the same general structure as example

embodiment 1 except that the flash mirror layer 522 is replaced with an interference stack

522 disposed on the convex surface of the hard coat 524. The interference stack can be

applied to the laminate 520 through the use of vacuum deposition techniques.

Example 3

[0097] Example embodiment 3 has the same general structure as example

embodiment 1 and includes a hard coat layer 514 disposed on the convex surface of the

substrate 516, adjacent to the adhesion layer 540.

Example 4

[0098] In example embodiment 4, a lens 500 includes a lens body 510. The

lens body 510 includes a substrate layer 516 including glass. The lens body 510 also

includes an anti-fog layer 519 disposed on the concave surface of the substrate layer 516.

The lens 500 includes a frontside laminate 520 disposed on the convex surface of the lens

body 510 and attached thereto through adhesion layer 540. The laminate 520 includes



substrate layer 526 including polyurethane. The laminate 520 also includes a reflective

interference coating 522 disposed on the convex surface of the laminate substrate 526.

Example 5

[0099] Example embodiment 5 has the same general structure as example

embodiment 4 and includes a hard coat 524 disposed on the convex surface of the laminate

substrate 526, between the substrate 526 and the interference coating 522.

Example 6

[0100] Example embodiment 6 has the same general structure as example

embodiment 4 and includes a hard coat 528 disposed on the concave surface of the

laminate substrate 526, adjacent to the adhesion layer 540.

Example 7

[0101] Example embodiment 7 has the same general structure as example

embodiment 4 and includes a polarizer within or as the substrate layer 526. For example,

the laminate substrate layer 526 can include a polycarbonate sheet and a PVA film treated

to polarize transmitted light. As another example, the laminate substrate 526 can include a

PVA film treated with a dichroic substance or iodine to become a polarizing film.

Example 8

[0102] Example embodiment 8 has the same general structure as example

embodiment 4 and includes a hard coat 518 disposed on the concave surface of the lens

body 510 between the lens body substrate 516 and the anti-fog functional layer 519 .

Example 9

[0103] In some example embodiments, a lens 500 includes a lens body 510 and

a frontside laminate 520. The lens body 510 includes a substrate layer 516 including

polyethylene. The lens 500 includes laminate 520 that is disposed on the convex surface of

the lens body 510 and is attached thereto through electrostatic adhesion. The laminate 520

includes a substrate layer 526 including acrylic. The laminate 520 also includes a

photochromic layer 522 disposed on the convex surface of the laminate substrate 526.



Example 10

[0104] Example embodiment 10 has the same general structure as example

embodiment 9 and includes a hard coat 518 disposed on the concave surface of the lens

body 510 .

Example 11

[0105] Example embodiment 11 has the same general structure as example

embodiment 9 and includes a hard coat 514 disposed on the convex surface of the lens

body substrate 516, adjacent to the laminate substrate 526.

Example 12

[0106] Example embodiment 12 has the same general structure as example

embodiments 9 or 10 and includes an ant-fog layer 518 or 519 disposed on the concave

surface of the lens body 510, either on the substrate 516 or hard coat 518, if included.

Example 13

[0107] Example embodiment 13 has the same general structure as example

embodiment 9 and includes a primer or adhesion layer 524 disposed on the convex surface

of the laminate substrate 526, between the substrate 526 and the photochromic layer 522.

The primer or adhesion layer 524 can be configured to facilitate the bonding of the

photochromic layer 522 to the laminate substrate 526.

Example 14

[0108] In example embodiment 14, a lens 500 includes a lens body 510 having

a substrate layer 516 including polycarbonate. The lens 500 also includes a laminate 530

disposed on the concave surface of the lens body substrate 516. The laminate 530 includes

a laminate substrate 536 including MYLAR® disposed on the concave surface of the lens

body substrate 516 and attached thereto through adhesion layer 550. The backside

laminate 530 also includes an anti-fog layer 538 disposed on the concave surface of the

laminate substrate 536. The backside adhesion layer 550 can include a thermally-curable

adhesive. The lens also includes a laminate 520 disposed on the convex surface of the lens



body 510 and attached thereto using a pressure sensitive adhesive 540. The laminate 520

can incorporate any functionality described herein. For example, the laminate 520 can

include a substrate layer 526 including nylon. The laminate 520 can also include a chroma

enhancement layer 512 disposed on the convex surface of the substrate layer 526.

Example 15

[0109] Example embodiment 15 has the same general structure as example

embodiment 14 except the backside laminate substrate 536 includes polycarbonate.

Example 16

[0110] Example embodiment 16 has the same general structure as example

embodiment 14 and includes a hard coat layer 514 disposed on the convex surface of the

lens body substrate 516 and disposed between the substrate 516 and the adhesion layer

540.

Example Transition Layers

[0111] In some embodiments, the adhesion layers 540, 550 can act as transition

layers between laminate substrates 526, 536 and the lens body substrate 516. The

transition layers 540, 550 can include multiple layers which can provide functionality to the

lens 500. For example, transition layers 540, 550 can include coatings, films, adhesives,

laminates, or any combination of these. The transition layers 540, 550 can be selected

based on the composition of the laminate substrates 526, 536 and the lens body substrate

516 . For example, the transition layers 540, 550 can be configured to provide index

matching between the laminate substrates 526, 536 and the lens body substrate 516 . The

transition layers 540, 550 can provide desirable functionality, including, for example,

assisting in matching the optical index of the lens body 510 and functional layers 520, 530;

providing optical properties to the lens; providing mechanical or chemical durability to the

lens; improving adhesion between the functional layers and the lens body; improving other

properties of the lens; or any combination of these. In some embodiments, the transition

layers 540, 550 can facilitate an attachment between a laminate 520, 530 and the lens body

510 .



Example Goggles Incorporating Functional Laminates

[0112] FIG. 9 is a perspective view of some embodiments of eyewear 900

having a removable laminate 910. The laminate 910 can be configured to be attachable

and removable by a user, retailer, optical technician, or the like based at least in part on the

pliability of the laminate 910 and/or the bonding strength between the laminate 910 and a

lens body 908. The laminate 910 can be attachable to the convex side of the lens body

908, the concave side of the lens body 908, or both sides of the lens body 908. In some

embodiments, the laminate 910 is not the same size as the lens body 908; it can be larger,

smaller, or approximately the same size as the lens body 908.

[0113] The eyewear 900 includes a lens 902. The lens 902 is configured to

extend in the path of a wearer's left and right eye fields of vision. As shown in FIG. 9, the

curvature of the lens 902 permits it to conform closely from side to side to the wearer's

face, thus maximizing the interception of sun and other strong light sources, while at the

same time providing comfort and pleasing aesthetic characteristics.

[0114] The lens 902 can be of a single pane of material. Thus, the lens 902 can

be unitary or have a dual lens design. A nosepiece opening can be formed along the lower

edge of a frame 904, which can be sized and configured to accommodate the nose of a

wearer. Furthermore, the lower edge of the frame 904 can also be shaped to substantially

conform to the wearer's facial profile, thus allowing some embodiments to be closely fitted

to the wearer's head while not contacting the skin of the wearer's face and other

embodiments to contact the wearer's face at multiple points to create an enclosure. The

eyewear 900 can include a strap 906 that can be configured to substantially secure the

eyewear 900 in a fixed location relative to the wearer's face and/or create an effective seal

against the wearer's face to impede or prevent the entrance of water, snow, dirt, or other

particulates into the enclosed area.

[0115] The lens 902 of eyewear 900 can include the lens body 908 and the

removable laminate 910. The laminate 910 can be removed by a user, retailer, optical

technician, manufacturer, or the like by pulling or peeling the laminate from the surface of

the lens body 908. The removable laminate 910 can provide the ability to change

laminates 910 such that a user can alter the appearance and/or functionality of eyewear

900 through the attachment, removal, or changing of the removable laminate 910.



[0116] The eyewear 900 can impart functionality to the lens 902 through the

attachment of the removable laminate 9 10 . As an example, the lens 902 can include lens

body 908 having a hydrophobic coating. The lens 902 can have anti-reflective

functionality added to the lens 902 through the attachment of the removable laminate 9 10

having an interference stack disposed on a malleable substrate. Thus, the eyewear 900 can

have a hydrophobic coating and an anti-reflective coating incorporated into the lens 902

without significantly degrading the performance of either. As another example, the

laminate 9 10 can include a flash mirror coating deposited on a suitable substrate, such as

BoPET. The lens body 908 can include a hard coat and a hydrophobic layer. The

removable laminate 9 10 can be removably attached to the lens body 908 such that the

combination provides the eyewear 900 with a flash mirror exterior surface and a

hydrophobic interior surface. Such functionality can be desirable for aesthetic reasons,

reducing or eliminating condensation on the interior side of goggles, reducing glare or light

intensity during outdoor activities, another purpose, or any combination of purposes.

[0117] The lens body 908 can include a substrate and one or more layers

providing functionality to the lens 902. The lens body 908 can have a substrate layer

including polycarbonate, CR-39®, doped glass, filter glass, clear glass, nylon,

polyurethane, polyethylene, polyimide, PET, MYLAR®, acrylic, a polymeric material, a

co-polymer, a doped material, any other suitable material, or any combination of materials.

The lens body 908 can be coated with one or more functional coatings, including, for

example, a hard coat, anti-fog coating, anti-reflective coating, anti-static coating, index

matching layers, adhesives, flash mirror coating, interference stack, hydrophobic coating,

polarizing film, photochromic layer(s), electro chromic layer(s), liquid containing layer(s),

chroma enhancement filters, color enhancement filters, contrast enhancement filters,

trichoic filters, glass layers, hybrid glass-plastic layers, or any combination of these.

[0118] The laminate 910 can include a substrate and one or more layers

providing functionality to the lens 902. The laminate 9 10 can have a substrate layer

including polycarbonate, CR-39®, nylon, polyurethane, polyethylene, polyimide, PET,

MYLAR®, acrylic, a polymeric material, a co-polymer, a doped material, any other

suitable material, or any combination of materials. The laminate 9 10 can be coated with

one or more functional coatings, including, for example, a hard coat, anti-fog coating, anti-

reflective coating, anti-static coating, index matching layers, adhesives, flash mirror



coating, interference stack, hydrophobic coating, polarizing film, photochromic layer(s),

electrochromic layer(s), liquid containing layer(s), chroma enhancement filters, color

enhancement filters, contrast enhancement filters, trichoic filters, glass layers, hybrid glass-

plastic layers, or any combination of these.

[0119] The lens body 908 and laminate 910 can be removably attached using a

transition layer 912. The transition layer 912 can include one or more elements or sub

layers configured to achieve the desired bond strength between the lens body 908 and the

laminate 910. For example, the transition layer 912 can include functional layers, adhesive

layers, coatings, films, laminates, or any combination of these. The transition layer 912

can be disposed on one side of the laminate 910, disposed on the convex surface of the

lens body 908, or disposed on the concave surface of the lens body 908. In some

embodiments, the transition layer 912 is configured to removably attach the lens body 908

to the laminate 910 through the use of electrostatic adhesion.

[0120] In some embodiments, the eyewear 900 includes two lenses 902 similar

to the eyewear 100 depicted in FIGS. 1-4. In such a configuration, removable laminates

910 can be applied to lens bodies 908 corresponding to the two lenses 902. The

removable laminates 910 can be applied to the convex surface of the lens bodies 908, the

concave surface, or both. In this manner, the removable laminates 910 and the lens bodies

908 can impart desirable functionality to the eyewear 900. For example, the lens bodies

908 can be treated with an anti-static coating to reduce or eliminate items such as lint, hair,

and/or dust from sticking to the concave side of the lenses 902. The removable laminates

910 can include a pliable substrate, such as acrylic, and can have a photochromic layer

disposed on one side of the pliable substrate. The removable laminates 910 can be

attached to the convex surface of the lens bodies 908 through the use of transition layer

912 that removably bonds the laminates 910 to the lens bodies 908. Thus, eyewear 900

can have an anti-static coating and a photochromic functional layer wherein the application

of one functional element does not significantly degrade the performance of the other.

[0121] FIGS. 10 and 10A show a perspective view of some embodiments of

eyewear 900 having a laminate 1010 substantially permanently attached to a lens body

908. The laminate 1010 is similar to the laminate 910 described in reference to FIG. 9

except that it is not configured to be removable after application. The laminate 1010 can

be affixed to the lens body 908 using an adhesive, adhesion material, or adhesion method



that substantially permanently bonds the laminate 10 10 to the lens body. As illustrated, the

laminate 1010 attaches to the convex surface of the lens body 908. In some embodiments,

the laminate 1010 attaches to the concave surface of the lens body 908. In some

embodiments, the lens body 908 has laminates attached to its concave and convex sides.

Example Method of Manufacturing Lens with Laminate

[0122] FIG. 11 shows a flow chart of some embodiments of a method 1100 for

manufacturing a lens including a lens body and a laminate. The lens body and laminate can

be configured to impart desired functionality to the lens, as described herein above.

Forming the lens in this manner can increase the effectiveness of functional aspects of the

lens and reduce costs associated with the manufacture of the lens. For example, it may be

desirable to have a lens having a flash mirror coating on a concave or exterior surface of

the lens and a hydrophobic coating on the concave or interior surface of the lens. As

described more fully herein above, the application of one coating may degrade the

performance of the other, reducing the effectiveness of the functional aspects in the lens.

Furthermore, methods of manufacturing lenses having both desirable functional qualities

may require more involved processes to preserve or restore the functionality of one or

more layers. Thus, manufacturing the lens as described herein can reduce costs associated

with imparting a lens with one or more functional qualities. The method of manufacture

1100 can be used with a removable laminate attached to the lens body or a laminate that is

substantially permanently bonded to the lens body.

[0123] In block 1105, the lens body is formed. The lens body can be injection

molded, although other processes can be used to form the shape of the lens blank body,

such as thermoforming, casting, or machining. In some embodiments, the lens body is

injection molded and includes a relatively rigid and optically acceptable material such as

polycarbonate. Other materials can be used as a substrate for the lens body including, for

example, nylon, polyurethane, polyethylene, polyimide, PET, acrylic, BoPET, glass, or any

combination of these. The shape of the lens body would thus be incorporated into a

molded lens blank. A lens blank can include the desired curvature and taper in its as-

molded condition. One or two or more lens bodies of the desired shape may then be cut

from the optically appropriate portion of the lens blank as is understood in the art. In



some embodiments, the lens body can be stamped or cut from flat sheet stock and then

shaped into the desired configuration using a process such as thermo forming.

[0124] In block 1110, the lens body is treated to impart a desired functionality

to the lens. In some embodiments, the lens body is treated through an immersion process

which generally includes the steps of dipping the lens body in a coating solution, forming a

wet layer on the lens body by withdrawing it from the solution, and allowing the coating to

attach to the lens body through electrostatic attraction and/or chemical reaction. For

example, a lens can be coated with a hydrophobic material by immersing it in a

hydrophobic solution for a defined amount of time under controlled temperature

conditions. The coating quality can be controlled at least in part by the immersion time,

temperature, and/or solution content. After application of the hydrophobic coating using

the immersion process in this manner, the entire lens may be coated with a hydrophobic

material. Other processes could be used to coat the lens including, for example, dip

coating, spray coating, flow coating, spin coating, capillary coating, roll coating, chemical

coating, printing technique, drying and curing techniques, vacuum deposition, other

coating techniques, or any combination of coating techniques. As another example, the

lens body can receive a hard coat through spin coating, dip coating, spray coating or

similar coating technique.

[0125] In some embodiments, the lens body is treated through a vapor

deposition technique which generally includes placing the lens body in a low-pressure or

near vacuum container, vaporizing source material in a carrier gas, transporting the

material to the lens, and depositing the material on the lens body. For example, a pulsed

Argon plasma can be used to evaporate a target material (e.g., the material to be deposited

on the lens) and provide a pre-cleaning of the lens. The evaporated material can be

transported to and deposited on the lens. This process can be repeated for each film layer

to be deposited on a lens body. For example, an interference stack can be deposited on the

lens through a physical vapor deposition process. Other processes could be used,

including chemical vapor deposition, directed vapor deposition, vapor deposition using

magnetron sputtering, vapor deposition using plasma polymerization, another deposition

technique, or any combination of deposition techniques.

[0126] In some embodiments, the lens body is treated by applying functional

layers to the substrate layer. For example, an optical filter can be incorporated into the



lens body. A functional layer or film that includes an optical filter including one or more

chroma enhancing dyes can be included in a mold, such as an injection mold, so that the

film with the optical filter is integrally molded as part of the lens body. Furthermore, one

or more additional elements such as photochromic, polarizing, abrasion-resistant, or tinting

elements can be incorporated into the functional layer or film and integrally molded as part

of the lens body. The elements can be made by many convenient manufacturing processes,

including but not limited to lamination of the layers, adhesive securement of the individual

layers, and extrusion of one or more layers to form the functional layer or film. In some

embodiments, a method of making the functional film includes extruding layers in sequence

or at the same time in the appropriate order of layers. In some embodiments, the lens body

includes a functional film having a protective polymeric layer and a dry film adhesive or

liquid adhesive between the lens body and the polymeric layer.

[0127] In some embodiments, the lens body is treated by dyeing one or more

lens elements. Any suitable dyeing process can be used. For example, one or more dyes

can be dissolved into a solvent to produce a dyeing solution. The one or more dyes can

include one or more chroma enhancement dyes. The one or more dyes can be applied to

the lens body or a combination of lens elements. For example, the dyes can be applied to

the lens body or other lens element by dipping the element in a dyeing solution, spraying a

dyeing solution on the element, or placing the element in a dyeing chamber and directing

the one or more dyes into the chamber.

[0128] In some embodiments, the lens body is treated by injection molding a

lens blank to a polarizer. For example, the polarizer can be combined with the injection

molded lens body by positioning the polarizer into a mold and injecting thermoplastic resin

into the mold. The polarizer can be, for example, a polarizing wafer as described herein.

The polarizing wafer can include one or more insulating polymeric layers configured to

insulate a functional base layer from high molding temperatures. Other functional lens

elements, such as, for example, at least a portion of a chroma enhancing optical filter, a

photochromic material, an interference stack, an anti-static material, a hydrophobic

material, an anti-fog layer, a coating, an anti-scratch layer, another functional element, or a

combination of elements can be incorporated into a lens with an injection-molded portion

in a similar fashion.



[0129] Many different functional elements can be incorporated into the lens

body using deposition techniques, coating techniques, laminating processes, molding

processes, or dyeing techniques as described above. For example, functional elements

such as films, layers, or coatings can include an interference stack, a flash mirror coating,

photochromic layer(s), electrochromic layer(s), anti-static coating, chroma enhancement

dyes, hard coat, color enhancement elements, contrast enhancement elements, trichoic

filters, glass layers, hybrid glass-plastic layers, anti-reflective coating, hard coats, index

matching layers, or any combination of these.

[0130] In block 1115, a laminate having a functional layer is provided.

Providing the laminate can include manufacturing the laminate, procuring the laminate

through a supplier, or obtaining the laminate through some other means. The laminate can

be formed using any suitable technique, such as those described herein above related to the

forming of the lens body. The laminate includes a substrate which can be pliable in some

embodiments. The substrate can include, for example, polycarbonate, nylon, polyurethane,

polyethylene, polyimide, PET, acrylic, BoPET, glass, or any combination of these. The

laminate can include one or more coatings, films, or layers having functional properties.

For example, the laminate can be coated with an anti-reflective coating using a vapor

deposition technique. As another example, the laminate can include a flash mirror coating

deposited on the laminate substrate using a vacuum coating machine. Other functional

elements can be included using techniques described herein including, for example, coating

techniques, vapor deposition techniques, laminating techniques, dyeing techniques, or any

combination of these. The laminate can include functional elements such as, for example,

an interference stack, a flash mirror, photochromic layer(s), anti-reflective coating, ant i

static coating, liquid containing layer(s), electrochromic layer(s), chroma enhancement

filters, color enhancement filters, contrast enhancement filters, trichoic filters, glass layers,

hybrid glass-plastic layers, hard coats, index matching layers, or any combination of these.

[0131] In some embodiments, the laminate can be configured to the size and

pattern the laminate will have when included in the lens. This can be accomplished using

any suitable technique. In certain embodiments, the laminate can be pre-shaped before

being applied to the lens. In some embodiments, the laminate can be shaped while being

applied to the lens. The laminate can be pre-shaped using any suitable laminate shaping

process. In some embodiments, a suitable process entails thermoforming. In some



embodiments, a suitable process entails heating the laminate to a suitable temperature and

simultaneous with or subsequent to the heating, applying positive pressure to the laminate

using a suitable device to shape the laminate and match the shape of the surface of the lens

body. Once the laminate is appropriately shaped, the process finishes by cooling the

laminate to room temperature and releasing the positive pressure.

[0132] In block 1120, the laminate is applied to the treated lens body. In some

embodiments, the laminate is applied to the treated lens body by overlaying the laminate on

the lens body to create the desired functional lens. For example, the laminate can be

configured to be applied to the convex or exterior surface of the lens body to provide the

lens with an anti-reflective coating on the exterior surface of the lens. As another example,

the laminate can be configured to be applied to the concave or interior surface of the lens

body to provide a hydrophobic coating to the interior side of the lens. Application of the

laminate can include, for example, positioning the laminate on the lens body, orienting the

laminate relative to the lens body, orienting the laminate such that the desired side of the

laminate is in contact with the lens body, or any combination of these. Application of the

laminate can include preparing the laminate for bonding with the lens body, preparing the

lens body for bonding with the laminate, and other pre-bonding processes to increase the

effectiveness of the bonding between the laminate and the lens body such as applying an

adhesive layer to the appropriate surface of the laminate, the lens body, or both.

[0133] Applying the laminate can also include bonding it to the lens body. In

some embodiments, the lens body and the laminate can be bonded together to make the

lens using a technique such as, for example, laminate bonding, thermoforming, injection

molding, compression molding, or injection-compression molding (e.g., coining). In some

embodiments, the laminate can be attached to any surface of the lens body using any

suitable technique, such as adhesive attachment or laminate bonding.

[0134] In some embodiments, bonding the laminate and the lens body includes

applying an adhesion layer that can include an adhesive that is thermally or UV-cured, a

pressure sensitive adhesive, or some other substance that facilitates or improves

electrostatic adhesion. Methods and materials suitable for bonding the lens body to the

laminate can be used to facilitate adhesion between two or more lens elements. Examples

of bonding technologies that may be suitable include thermal welding, fusing, pressure

sensitive adhesives, polyurethane adhesives, electrostatic attraction, thermoforming, other



types of adhesives, materials curable by ultraviolet light, thermally curable materials,

radiation-curable materials, other bonding methods, other bonding materials, and

combinations of methods and/or materials. In some embodiments, a pressure sensitive

adhesive can be used in the adhesion layer and can be rolled, sprayed, or otherwise applied

to a surface so that it is disposed between the lens body and the laminate. Materials

suitable for use as the adhesion layer can be selected to have good optical properties,

including high optical transparencies, no yellowing upon exposure to sunlight, an ability to

flex during injection molding without becoming crazed, minimal shrinkage during curing,

and the like. The materials used for the adhesion layer can be curable by thermal treatment

or by treatment with ultraviolet light. In some embodiments, the adhesion layers can be

used to index match materials in the lens. In some embodiments, the laminate and the lens

body are substantially permanently bonded together. In some embodiments, the laminate is

removably bonded to the lens body.

[0135] The method 1100 provides a lens incorporating functional properties

such as optical filters, mirror elements, anti-fog layers, light polarizers, flash mirrors,

interference stacks, anti-static coatings, electro chromic layers, and photochromic layers.

The method 110 can also provide for functional elements in laminates to be incorporated

into existing lenses that, as originally manufactured, lack such properties. For example,

desirable properties such as chroma enhancement can be imparted to existing lenses,

instead of discarding the existing lenses and manufacturing new lenses that include the

desirable properties. In some embodiments, a suitable solvent can be applied to remove

the laminate from the existing lens so that a laminate with different characteristics can be

applied to the existing lens. In certain embodiments, the laminate can be removed by

application of heat or separation force.

Example Method of Using Removable Laminate with Eyewear

[0136] FIG. 12 shows a flow chart of some embodiments of a method 1200 for

using a removable laminate with eyewear. The removable laminate can be applied and

removed by a user, retailer, optical technician, manufacturer, or the like to add, remove, or

alter functional aspects of the eyewear. In some embodiments, removable laminates can be

obtained which are compatible with and relatively easily attached to a particular eyewear.



Thus, a user of the eyewear can change aspects of the eyewear through a relatively easy

and quick process.

[0137] In block 1205, a laminate-ready eyewear is obtained. Laminate-ready

eyewear can include eyewear having a lens body with a thickness profile designed such

that when a laminate is attached thereto, the final lens has a desired lens profile. The

surface of the lens body or other lens element can be treated in preparation for attaching a

laminate. For example, treatments can include corona treatment, UV ozone treatment,

atmospheric plasma processing (any type), vacuum plasma processing, heating, moisture

exposure, solvent exposure, another treatment method, or any combination of methods.

[0138] In block 1210, a removable laminate is applied to the eyewear. The

removable laminate can include a pliable or flexible substrate including BoPET, acrylic,

polycarbonate, polyethylene, polyurethane, nylon, polyimide, PET, or any combination of

these. The removable laminate can be pliable so that it can substantially conform to the

contour of the lens element to which it is attached. For example, if a lens body has a

cylindrical shape, the removable laminate can be applied to the lens body and substantially

conform to the cylindrical shape. In some embodiments, the laminate is approximately the

same size as the lens element to which it is attached. In some embodiments, the laminate is

larger than the lens element to which it is attached and can be modified to be of the

approximate same size. For example, the laminate can be cut, bent, or folded such that it

becomes of a similar size to the lens body. In some embodiments, the laminate can be

smaller than the lens element to which it is attached. For example, the laminate can be

positioned over a portion of the lens element for which it is desirable to incorporate the

functionality of the laminate. In some embodiments, laminates can be attached to more

than one side of a lens element. In some embodiments, multiple laminates can be placed

on a single side of a lens element where the laminates overlap or are spatially separate.

[0139] The laminate can be selected based on the functionality it provides for

eyewear. For example, the laminate can include an anti-reflective functional layer disposed

on the pliable substrate. Applying the laminate to the eyewear then would impart an anti-

reflective capability to the eyewear. As another example, the laminate can include an anti-

fog or hydrophobic layer which can be attached to the interior side of a lens of the

eyewear. The laminate can include one or more functional layers, films, or coatings to

impart one or more than one functional qualities to the eyewear. For example, the



laminate can provide an anti-reflective coating, an anti-static coating, photochromic

layer(s), electro chromic layer(s), polarizing elements, hard coats, index matching layers, an

interference stack, a flash mirror coating, anti-scratch coating, chroma enhancement filters,

color enhancement filters, contrast enhancement filters, trichoic filters, glass layers, hybrid

glass-plastic layers, or any combination of these.

[0140] Applying the laminate can include placing the laminate on a lens

element and applying suitable pressure such that the laminate attaches to the lens element

through a suitable adhesive method. For example, the laminate and lens element can be

attached through electrostatic adhesion, a pressure sensitive adhesive, another adhesive, or

any combination of adhesives which allow for the removal of the laminate. The surface of

the lens body or other lens element can be treated in preparation for applying the laminate.

Surface treatments can include, for example, corona treatment, UV ozone treatment,

atmospheric plasma processing, vacuum plasma processing, heating, moisture exposure,

solvent exposure, another treatment method, or any combination of methods. Applying

the laminate can include the use of calender rollers to apply it to a lens body or other lens

element, applying the laminate under a vacuum, and/or applying the laminate under

pressure.

[0141] In block 1215, the laminate is removed from the eyewear. The laminate

can be configured to be removable by a user by applying a pulling force to the laminate.

The adhesion between the laminate and the lens element to which it is attached can be such

that applying a force by a person can be sufficient to remove the laminate from the

eyewear. For example, the laminate can be attached to a lens body through the use of

electrostatic adhesion. By overcoming the electrostatic force maintaining the laminate

joined to the lens body, a user can peel the laminate from the eyewear. In some

embodiments, the frame or other component of the eyewear contains a mechanism that

aids in the removal of the laminate. For example, a roller or slider can be built into the

frame that aids a user in pulling the laminate off of the lens body. In some embodiments,

the eyewear contains a storage compartment that holds one or more laminates prior to

application and/or after removal.

[0142] In some embodiments, removing the laminate can cause a color change

or similar optical property of the lens. This can be useful for applications where differing



chroma, color, or contrast characteristics are desirable, for example, in sporting activities

with different lighting requirements.

[0143] In some embodiments, multiple duplicate laminates can be included with

a lens. The topmost laminate can be removed when it becomes dirty, scratched, torn,

damaged, or otherwise becomes undesirable to the user. In this way, the user can refresh

the eyewear, restoring the lenses of the eyewear to a substantially new and/or substantially

undamaged condition. For example, goggles used during bicycle, motorcycle, or other

vehicular racing in may become dirty and/or partially obscure the vision of the user. Users

can wear goggles that incorporate multiple duplicate laminates. An example scenario of

the use of eyewear incorporating multiple duplicate laminates will now be described.

During a race or other competitive event in which participants and their eyewear may be

exposed to harsh and/or dirty conditions, a participant can remove the topmost laminate

when it becomes sufficiently dirty or damaged such that the user's vision is impaired or

obstructed. In this way, the user can remove the laminate thereby restoring the goggle to a

clean condition and providing an advantage over other racers who have dirty or damaged

eyewear.

[0144] In block 1220, another removable laminate is applied to the eyewear.

Applying another laminate to the eyewear can include the same process as described

above. The other laminate can be chosen to provide desired functionality that may not

have been present in the prior laminate or to replace a laminate that may have been

damaged. In some embodiments, the other laminate can be applied over the first laminate

such that the first laminate need not be removed prior to the application of the subsequent

laminate. In this way, multiple functions can be imparted to the eyewear to achieve a

desired result. For example, an anti-fog coating can be applied to the eyewear as well as a

photo chromic layer.

Conclusion

[0145] It is contemplated that the particular features, structures, or

characteristics of any embodiments discussed herein can be combined in any suitable

manner in one or more separate embodiments not expressly illustrated or described. For

example, it is understood that an optical filter can include any suitable combination of light

attenuation features and that a combination of light-attenuating lens elements can combine



to control the chroma of an image viewed through a lens. In many cases, structures that

are described or illustrated as unitary or contiguous can be separated while still performing

the function(s) of the unitary structure. In many instances, structures that are described or

illustrated as separate can be joined or combined while still performing the function(s) of

the separated structures. It is further understood that the optical filters disclosed herein can

be used in at least some lens configurations and/or optical systems besides lenses.

[0146] It should be appreciated that in the above description of embodiments,

various features are sometimes grouped together in a single embodiment, figure, or

description thereof for the purpose of streamlining the disclosure and aiding in the

understanding of one or more of the various inventive aspects. This method of disclosure,

however, is not to be interpreted as reflecting an intention that any claim require more

features than are expressly recited in that claim. Moreover, any components, features, or

steps illustrated and/or described in a particular embodiment herein can be applied to or

used with any other embodiment(s). Thus, it is intended that the scope of the inventions

herein disclosed should not be limited by the particular embodiments described above, but

should be determined by a fair reading of the claims.



WHAT IS CLAIMED IS:

1. A lens comprising:

a lens body comprising a substantially rigid material, the lens body having a

convex surface and a concave surface;

a laminate comprising a flexible thin polymeric material having a first

surface and a second surface opposite the first surface;

a multi-layer interference coating comprising two or more thin film layers

of high refractive index material and two or more thin film layers of low refractive

index material disposed on the first surface of the laminate; and

a hydrophobic coating disposed on the concave surface of the lens body,

wherein the second surface of the laminate is bonded to the convex surface

of the lens body.

2 . Eyewear comprising a frame and the lens of Claim 1 connected to the

frame.

3 . The lens of Claim 1, wherein the lens body has a thickness between about

0.02 in. and 0.1 in.

4 . The lens of Claim 1, wherein the substantially rigid material is

polycarbonate.

5 . The lens of Claim 1, wherein the flexible thin polymeric material is

biaxially-oriented polyethylene terephthalate polyester film.

6 . The lens of Claim 1, wherein the flexible thin polymeric material has a

thickness between about 0.002 in. and 0.01 in.

7 . The lens of Claim 1, further comprising a hard coat layer disposed on the

convex surface of the lens body between the substantially rigid material of the lens body

and the laminate, the hard coat layer comprising a substantially uniform layer of polymeric

material configured to increase an abrasion resistance, a mechanical durability, and/or a

chemical resistance of the lens body.

8 . The lens of Claim 7, wherein the hard coat layer comprises a sol-gel

material.

9 . The lens of Claim 1, further comprising a hard coat layer disposed on the

second surface of the laminate between the substantially rigid material of the lens body and

the laminate, the hard coat layer comprising a substantially uniform layer of polymeric



material configured to increase an abrasion resistance, a mechanical durability, and/or a

chemical resistance of the laminate.

10. The lens of Claim 1, wherein the laminate is bonded to the lens body

through a thermally-cured adhesive layer.

11. The lens of Claim 1, wherein the laminate is bonded to the lens body

through a UV-cured adhesive layer.

12. The lens of Claim 1, wherein the lens provides an optical correction.

13. The lens of Claim 1, further comprising an electrochromic functional layer

disposed between the multi-layer interference coating and the first surface of the laminate,

the electrochromic functional layer comprising a dichroic dye guest-host device configured

to provide variable light attenuation.

14. The lens of Claim 1, wherein the multi-layer interference coating is an anti-

reflective coating.

15. The lens of Claim 1, wherein the multi-layer interference coating is a

reflective coating.

16. The lens of Claim 1, further comprising a backside laminate bonded to the

hydrophobic coating disposed on the concave surface of the lens body, the backside

laminate comprising a flexible thin polymeric material having a first surface and a second

surface opposite the first surface.

17. The lens of Claim 16, further comprising an anti-static coating disposed on

the second surface of the backside laminate.

18. A method of manufacturing a lens, the method comprising:

forming a lens body from a substantially rigid material, the lens body

comprising a convex surface and a concave surface;

depositing a hydrophobic coating on the concave surface of the lens body;

providing a laminate comprising a flexible thin polymeric material having a

first surface and a second surface opposite the first surface;

depositing on the first surface of the laminate a multi-layer interference

coating comprising two or more thin film layers of high refractive index material

and two or more thin film layers of low refractive index material; and

bonding the second surface of the laminate to the convex surface of the lens

body.



19. The method of Claim 18, wherein the lens body is formed through injection

molding.

20. The method of Claim 18, wherein the substantially rigid material is

polycarbonate.

2 1. The method of Claim 18, wherein depositing the hydrophobic coating

comprises coating the lens body with a hydrophobic substance by immersing the lens body

in the hydrophobic substance.

22. The method of Claim 18, wherein bonding the second surface of the

laminate to the convex surface of the lens body comprises:

applying a UV-curable adhesive to the convex surface of the lens body; and

curing the UV-curable adhesive such that the laminate and the lens body are

bonded together.

23. Eyewear comprising a frame and a lens manufactured according to the

method in Claim 18 attached to the frame.

24. Eyewear having electrochromic functionality, the eyewear comprising:

a frame;

a lens attached to the frame, the lens comprising:

a lens body comprising a substantially rigid material, the lens body

having a convex surface and a concave surface; and

a laminate comprising a flexible thin polymeric material having a

first surface and a second surface opposite the first surface;

an electrochromic functional layer disposed on the first surface of

the flexible thin polymeric material, the electrochromic functional layer

comprising a dichroic dye guest-host device configured to provide variable

light attenuation; and

an electrode electrically coupled to the electrochromic functional

layer;

a power source attached to the eyewear and electrically coupled to the

electrode; and

a user interface element disposed on the eyewear and configured to change

an amount of power provided to the electrode from the power source.



25. The eyewear of Claim 24, wherein changing the amount of power provided

to the electrode changes a state of the electrochromic functional layer.

26. The eyewear of Claim 24, wherein the user interface element comprises a

touch-sensitive element that changes the electrochromic functional layer from dark to light

when activated.

27. The eyewear of Claim 24, further comprising a multi-layer interference

coating comprising two or more thin film layers of high refractive index material and two

or more thin film layers of low refractive index material disposed on the electrochromic

functional layer.

28. The eyewear of Claim 24, further comprising a hydrophobic coating

disposed on the concave surface of the lens body.

29. A lens comprising:

a frontside laminate comprising a flexible thin polymeric material having a

first surface and a second surface opposite the first surface;

a lens body comprising a substantially rigid material, the lens body having a

convex surface and a concave surface;

a backside laminate comprising a flexible thin polymeric material having a

first surface and a second surface opposite the first surface;

a frontside transition layer disposed between the second surface of the

frontside laminate and the convex surface of the lens body, the frontside transition

layer comprising an adhesion layer and a frontside functional layer; and

a backside transition layer disposed between the first surface of the

backside laminate and the concave surface of the lens body, the backside transition

layer comprising an adhesion layer and a backside functional layer.

30. Eyewear comprising a frame and the lens of Claim 29 attached to the

frame.

31. The lens of Claim 29, wherein the frontside functional layer comprises a

multi-layer interference coating comprising two or more thin film layers of high refractive

index material and two or more thin film layers of low refractive index material.

32. The lens of Claim 29, wherein the backside functional layer comprises a

hydrophobic coating.



33. The lens of Claim 29, further comprising a flash mirror coating disposed on

the first surface of the frontside laminate.

34. The lens of Claim 29, further comprising a hydrophobic coating disposed

on the second surface of the backside laminate.

35. The lens of Claim 29, further comprising an electrochromic functional layer

disposed on the first surface of the frontside laminate, the electrochromic functional layer

comprising a dichroic dye guest-host device configured to provide variable light

attenuation.
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