wo 20217198822 A1 |0 000 KR OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Propert <
e ™ SR
International Bureau = (10) International Publication Number
(43) International Publication Date ——’/ WO 2021/198822 A1
07 October 2021 (07.10.2021) WIRPOIPCT

(51) International Patent Classification: (71) Applicant: ADDON OPTICS LTD. [IL/IL]; 17 Harotem

B29D 11/00 (2006.01) B32B 37/12 (2006.01) Street, 9853484 Maale Adumim (IL).
B29C 51/42 (2006.01) B29C 65/00 (2006.01) . i .
B32B 37/00 (2006.01) (72) Inventors: HALAHMI, Izhar; 4 Ben Zvi Street, 4537302

Hod Hasharon (IL). ENGLER, Haim; 17 Harotem Street,
9853484 Maale Adumim (IL). ARKIN, Jed; ¢c/o0 7 Hamoad-
on Street, 5653030 Savyon (IL). ERLICHMAN, Amir, 18
Habrosh Street, 4666517 Herzelia (IL). COHEN, Roy; 7
Havazelet Street, 4029300 Beit Yanai (IL). BAR EREZ,
Arye; 26 Hagfanim Street, 4993500 Kfar Sirkin (IL).

(21) International Application Number:
PCT/IB2021/052164

(22) International Filing Date:
16 March 2021 (16.03.2021)

(25) Filing Language: English — 74) Agent: BEIDER, Joel; Hillel 24 - 5th Floor, 9458124

(26) Publication Language: English Jerusalem (IL).

(30) Priority Data: (81) Designated States (unless otherwise indicated, for every
63/002,388 31 March 2020 (31.03.2020) US kind of national protection available). AE, AG, AL, AM,
63/002,393 31 March 2020 (31.03.2020) UsS AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,

(54) Title: SHAPING AN OPHTHALMIC LENS

FIG. 6

(57) Abstract: Apparatus and methods are described including an additional lens (24) made from an amorphous viscoelastic material
and having an optical design. A curvature of the additional lens (24) is changed such as to conform with a curvature of a base eyeglasses
lens (22), without causing a loss of the optical design of the additional lens (24), by heating the additional lens (24) to a temperature at
which a Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.8, and shaping the additional lens (24). Subsequently,
the additional lens (24) is adhered to the base eyeglasses lens (22). The optical design of the additional lens (24) is such that, upon being
adhered to the base eyeglasses lens (22), the adhered base eyeglasses lens (22) and the additional lens (24) provide a combined lens
(20) having a desired optical prescription. Other applications are also described.

[Continued on next page]



WO 20217198822 A |00 0 00RO TS0 O

HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2021/198822 PCT/1IB2021/052164

SHAPING AN OPHTHALMIC LENS

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims priority from:

U.S. Provisional Patent Application No. 63/002,388 to Halahmi et al., filed March 31,
2020, entitled "Shaping an ophthalmic lens," and

U.S. Provisional Patent Application No. 63/002,393 to Halahmi et al., filed March 31,

2020, entitled "Stress-release procedure for an ophthalmic lens,"

Both of the above-referenced U.S. Provisional applications are incorporated herein by

reference.
FIELD OF EMBODIMENTS OF THE INVENTION

Some applications of the present invention generally relate to ophthalmic lenses. In

particular, some applications relate to shaping an ophthalmic lens.

BACKGROUND

Ophthalmic lenses are typically made of amorphous viscoelastic polymers, which exhibit
both elastic and plastic properties. In theoretical materials having pure elastic properties, strain
is exhibited immediately as response to stress. In theoretical materials having pure plastic
properties, strain resulting from stress is exhibited at a delay (ranging from milliseconds to years)
with respect to application of stress to the material. Phenomena related to plasticity are creep (in
which strain changes continuously as long as stress is applied to a plastic material) and relaxation
(in which stress declines as long as a plastic material is held in predefined dimensions and has

internal pre-loaded stress).

When a theoretical, pure plastic material is loaded by a stress that varies in a sinusoidal
manner, the resulting strain is detected, but after a delay, which can be characterized as a phase
shift. Real-world materials are typically viscoelastic, exhibiting both plastic and elastic
properties. A viscoelastic material exhibits a phase shift, but a smaller one than that of a
theoretical, pure plastic material. This is indicated in Fig. 1, which shows a sinusoidal stress-
versus-time curve and a resultant sinusoidal strain-versus-time curve, the strain-versus-time curve

occurring at a phase shift with respect to the stress-versus-time curve.

A viscoelastic material's response to the application of mechanical energy to the material

may be characterized by its storage modulus (E') and its loss modulus (E"), both of which are
1
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temperature dependent. The material's storage modulus is a measure of its elastic behavior, i.e.,
the extent to which mechanical energy that is applied to the material is stored in bond stretching
along polymer chains, such as to be released during recovery. Loss modulus is a measure of the
material's plastic behavior, i.e., the extent to which mechanical energy that is applied to the
material is lost due to internal friction between polymer chains (such energy not being stored and
subsequently released). A further parameter, which is also temperature dependent, and which is
known as the Tan Delta of the material, measures the ratio of the loss modulus to the storage
modulus at any temperature. As such, a material's Tan Delta is a measure of the tendency of the
material to be dissipative and dimensionally unstable. As noted, typically, all three of the
aforementioned parameters (i.e., storage modulus, loss modulus, and Tan Delta) vary as the
material's temperature varies. The aforementioned parameters are determined by analyzing the

material using Dynamic Mechanical Analysis (also known as "DMA analysis").

Presbyopia is a condition that gradually affects most of the population over age 40. The
condition results in progressively worsening ability to focus clearly on close objects. Presbyopia
is usually treated with multifocal eyeglasses, progressive eyeglasses or contact lenses, since
laser-assisted in situ keratomileusis (i.e., LASIK) and other types of surgery are unsuitable for

treating this condition.

Corrective lenses are used in eyeglasses to correct presbyopia and other disorders of
accommodation. Many people who suffer from presbyopia, additionally suffer from myopia (i.e.,
near-sightedness). A basic solution for such people is the use of multifocal spectacle lenses.
Multifocal spectacle lenses contain two or more lens powers, with each power being suitable for
objects that are at respective distances. Bifocals contain two lens powers; trifocals contain three.
Progressive spectacle lenses are characterized by a gradient of increasing lens power. The
gradient starts at the wearer's distance prescription and reaches a maximum addition power, or
the full reading addition, in the lower portion of the lens. The addition in the middle of the lens
usually enables clear vision in intermediate ranges, such as reading text on a computer screen.
The length of the progressive power gradient on the lens surface depends on the design of the
lens, with a final addition power typically being between 0.50 and 3.50 diopters. The addition

value prescribed depends on the level of presbyopia of the patient.
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SUMMARY OF EMBODIMENTS

In accordance with some applications of the present invention, one or more lenses are
made of a base lens and an additional lens adhered to the base lens. For some applications, the
additional lens is a progressive lens, and the base lens is a single-focus, corrective lens (e.g., a
far-vision corrective lens), with the optical design of the additional lens being such that, upon
being adhered to the base lens, the combined lens becomes a progressive lens that matches a

desired prescription.

As described hereinabove in the Background section, a viscoelastic material's response to
the application of mechanical energy to the material may be characterized by its storage modulus
(E") and its loss modulus (E"). The material's storage modulus is a measure of its elastic behavior,
i.e., the extent to which mechanical energy that is applied to the material is stored in bond
stretching along polymer chains, such as to be released during recovery. Loss modulus is a
measure of the material's plastic behavior, i.e., the extent to which mechanical energy that is
applied to the material is lost due to internal friction between polymer chains (such energy not
being stored and subsequently released). A further parameter, which is known as the Tan Delta
of the material, measures the ratio of the loss modulus to the storage modulus. As such, a
material's Tan Delta is a measure of the tendency of the material to be dissipative and
dimensionally unstable. Typically, all three of the aforementioned parameters (i.e., storage
modulus, loss modulus, and Tan Delta) vary as the material's temperature varies. The
aforementioned parameters are determined by analyzing the material using Dynamic Mechanical

Analysis (also known as "DMA analysis").

Typically, the additional lens is made of an amorphous viscoelastic polymer and is
initially formed such as to exhibit a given lens optical design, in accordance with the needs
described hereinabove (e.g., such that, upon being adhered to the base lens, the combination of
the base lens and the additional lens forms a progressive lens). For example, the additional lens
may initially be formed using a forming process such as injection molding, injection-compression
molding, compression molding, stamping, 3D-printing, and/or casting. In order to adhere the
additional lens to the base lens, it is typically desirable that the additional lens undergo a further
shaping procedure such that its curvature conforms with the curvature of the base lens. In
particular, the surface of the additional lens that is adhered to the base lens needs to be shaped to
substantially conform with the surface of the base lens to which it is adhered. It is noted that, in
some cases, the curvature of the additional lens is made to be slightly greater than that of the base
lens, in order to facilitate an adhesion process described herein. Furthermore, it is noted that, in

some cases, and in particular if the curvatures of the additional lens and the base lens are similar
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to each other, it is not necessary to shape the additional lens prior to the adhesion step. However,
the inventors have found that a significant proportion of combinations of additional and base
lenses typically require a shaping technique as described herein to be durably applied to the
additional lens. This is particularly the case when the ophthalmic prescription includes cylinder
with associated cylinder axis values, which tends to have an impact on the concave curvature of

the base lens.

It is noted that an alternative to reshaping the additional lens such that its curvature
conforms with the curvature of the base lens would be to initially shape the additional lens such
that it has the desired optical design and is also shaped to conform with the shape of the base lens.
However, this would greatly increase the number of additional lenses that would need to be
stocked by a retailer or optical laboratory, since it would be necessary to stock separate stock-
keeping units of additional lenses having a given optical design but having different curvatures,
such as to conform with respective differently-shaped base lenses. (As noted above, this is
particularly the case when the ophthalmic prescription includes cylinder with associated cylinder
axis values, which tends to have an impact on the concave curvature of the base lens.)
Alternatively, this would mean that additional lenses would have to be manufactured in a bespoke
manner (based upon a patient's optical requirements and choice of base lens), in which case many
of the advantages of manufacturing a progressive lens using a base lens and an additional lens,

rather than using traditional manufacturing techniques, would be lost.

Lens shaping is highly challenging due to the fact that the predesignated sub-areas of the
lens are very accurate (at a level of thickness difference of microns). Shaping a progressive lens
in an uncontrolled manner risks ruining the optical value of the lens. It is desirable that, after the
additional lens is shaped in the above-described manner, the additional lens not only retains its
optical design at predesignated, clinically important sub-areas to within ISO standard after being
reshaped and adhered to the base lens, but also retains approximately the same residual cylinder
quantities at predesignated, clinically important sub-areas of the lens. Further typically, it is
desirable that the retention by the lens of its original optical design to within tolerance at the
predesignated sub-areas of the lens be achieved without the ophthalmic lens retaining significant
internal stresses (of the type that could lead to the additional lens rupturing, or undergoing a stress
crack during its lifetime). For some applications, by applying the lens-shaping process described
herein, the curvature of the additional lens may be changed by more than plus/minus 1 diopters
(e.g., more than plus/minus 2 diopters), and/or up to plus/minus 4 diopters (e.g., up to plus/minus
3 diopters), while retaining the lens optical design and without introducing significant stresses

into the lens (as described above).
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The inventors of the present application have found that, if the additional lens is shaped
at temperatures at which the Tan Delta is greater than 0.8 (or in some cases greater than 0.5 or
0.3), this typically causes irreversible damage to the lens optical design. This is because when
the lens is shaped under stress at such temperatures, deformation of the lens typically causes
plastic deformation, such that when the lens returns to ambient temperature, components of its
optical design are lost, and unwanted cylinder may appear. On the other hand, the inventors have
found that, if the additional lens is shaped at temperatures at which the Tan Delta is below 0.2
(and in some cases below 0.5, or below 0.3), this allows the additional lens to retain its lens
optical design, but leaves internal stresses in the lens that later may develop into cracks, or regions
in which the lens loses its transparency due to stresses. For example, the lens may form cracks as
a result of the internal stress in combination with thermal cycles, thermal shocks, mechanical
shock, or environmental stress (e.g., due to chemical cleaning materials, and/or or bodily-secreted
fluids). The phenomenon of slow cracking of polymers, especially amorphous ones, is well
known and is further accelerated by fats (e.g., human fat or grease, from hand or face), oils,
cleaning agents and soaps, that are likely to come into contact with the additional lens during its
life cycle. An additional risk associated with shaping the additional lens at temperatures at which
the Tan Delta is below 0.2 (and in some cases below 0.5, or below 0.3) is that the additional lens
will tend to revert to its original shape, which will cause it to become separated from the base

lens.

Therefore, in accordance with some applications of the present invention, the additional
lens is shaped at a temperature at which the material from which the additional lens is made has
a Tan Delta of more than 0.2 and/or less than 0.8. For some applications, the additional lens is
shaped at a temperature at which the material from which the additional lens is made has a Tan
Delta of 0.2-0.5, or 0.2-0.3. Alternatively or additionally, the additional lens is shaped at a
temperature at which the material from which the additional lens is made has a Tan Delta of 0.3-
0.8, or 0.5-0.8. Further typically, the temperature at which the additional lens is shaped is at
least 5 Celsius (e.g., at least 10 Celsius) below the peak of the Tan Delta/temperature curve.
Typically, within the aforementioned Tan Delta range, the material retains its original lens optical

design while maintaining only low residual stresses.

There is therefore provided, in accordance with some applications of the present
invention, a method for use with a base eyeglasses lens, the method including:
forming an additional lens from an amorphous viscoelastic material, such that the

additional lens has an optical design;
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changing a curvature of the additional lens such that the curvature of the additional lens
conforms with a curvature of the base eyeglasses lens, without causing a loss of the optical design
of the additional lens, by:
heating the additional lens to a temperature at which a Tan Delta of the amorphous
viscoelastic material is between 0.2 and 0.8; and
while the additional lens is at said temperature at which the Tan Delta of the
amorphous viscoelastic material is between 0.2 and 0.8, shaping the additional lens, such
that the curvature of the additional lens conforms with the curvature of the base eyeglasses
lens; and
subsequently, adhering the additional lens to the base eyeglasses lens, the optical design
of the additional lens being such that, upon being adhered to the base eyeglasses lens, the adhered
base eyeglasses lens and the additional lens provide a combined lens having a desired optical

prescription.

In some applications, heating the additional lens includes heating the additional lens to a
temperature at which a Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.8
and to temperature that is lower than a temperature at which Tan Delta of the amorphous

viscoelastic material is at its peak.

In some applications, heating the additional lens includes heating the additional lens to a
temperature at which a Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.8
and to a temperature that is at least 5 degrees Celsius below a temperature at which Tan Delta of

the amorphous viscoelastic material is at its peak .

In some applications, forming the additional lens from the amorphous viscoelastic

material includes forming the additional lens from an amorphous thermoplastic material.

In some applications, heating the additional lens to a temperature at which the Tan Delta
of the amorphous viscoelastic material is between 0.2 and 0.8 includes facilitating shaping the

additional lens without the additional lens retaining significant internal stresses.

In some applications, the base eyeglasses lens includes a single-focus optically-corrective
lens, and adhering the additional lens to the base eyeglasses lens includes forming a combined

progressive lens that provides a desired optical prescription.

In some applications, shaping the additional lens includes shaping the additional lens,
while the additional lens is at said temperature at which the Tan Delta of the amorphous
viscoelastic material is between 0.2 and 0.8, over a time period of between 0.1 seconds and 1

hour.
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In some applications, forming the additional lens from the amorphous viscoelastic
material such that the additional lens has an optical design includes forming the additional lens
from the amorphous viscoelastic material using a forming process selected from the group
consisting of: injection molding, injection-compression molding, compression molding,

stamping, 3D-printing, casting, and any combination thereof.

In some applications, heating the additional lens to a temperature at which the Tan Delta
of the amorphous viscoelastic material is between 0.2 and 0.8 includes heating the additional lens
to a temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.3

and 0.8.

In some applications, heating the additional lens to a temperature at which the Tan Delta
of the amorphous viscoelastic material is between 0.3 and 0.8 includes heating the additional lens
to a temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.5

and 0.8.

In some applications, heating the additional lens to a temperature at which the Tan Delta
of the amorphous viscoelastic material is between 0.2 and 0.8 includes heating the additional lens
to a temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.2

and 0.5.

In some applications, heating the additional lens to a temperature at which the Tan Delta
of the amorphous viscoelastic material is between 0.2 and 0.5 includes heating the additional lens
to a temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.2

and 0.3.

In some applications, the additional lens is coated with a functional coating, and changing
the curvature of the additional lens such that the curvature of the additional lens conforms with
the curvature of the base eyeglasses lens includes changing a curvature of the functional coating

without causing a loss of function of the functional coating.

In some applications, changing the curvature of the functional coating without causing a
loss of function of the functional coating includes changing a curvature of the functional coating

without introducing significant stresses into the additional lens.

In some applications, changing the curvature of the functional coating without causing a
loss of function of the functional coating includes changing a curvature of the functional coating

without introducing significant stresses into the functional coating.



10

15

20

25

30

WO 2021/198822 PCT/1IB2021/052164

In some applications, heating the additional lens to a temperature at which the Tan Delta
of the amorphous viscoelastic material is between 0.2 and 0.8 includes heating the additional lens

to a temperature at which a Tan Delta of a material from which the functional coating is made is

between 0.2 and 0.8.

In some applications, the additional lens is coated with a hard coating, and changing the
curvature of the functional coating without causing a loss of function of the functional coating
includes changing a curvature of the hard coating without introducing significant stresses into the

hard coating.

In some applications, the additional lens is coated with a hard coating, and changing the
curvature of the functional coating without causing a loss of function of the functional coating
includes changing a curvature of the hard coating without introducing significant stresses into the

additional lens.

In some applications, the additional lens is coated with a hard coating, and changing the
curvature of the functional coating without causing a loss of function of the functional coating

includes changing a curvature of the hard coating without cracking the hard coating.

In some applications, the additional lens is coated with a functional coating selected from
the group consisting of: a hard coating, an anti-reflective coating, a super-hydrophobic coating,
an antistatic coating, a clean coating, a blue-light filter, a reflective coating, an anti-UV coating,

a photochromic coating, a polarizing coating, and any combination thereof.

In some applications, shaping the additional lens includes, while the additional lens is at
said temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.2

and 0.8, applying pressure of 0.01 — 100 kg per square cm to the additional lens.

In some applications, shaping the additional lens includes, while the additional lens is at
said temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.2

and 0.8, applying pressure of 0.2 — 1 kg per square cm to the additional lens.

In some applications, shaping the additional lens such that the curvature of the additional
lens conforms with the curvature of the base eyeglasses lens includes changing a curvature of the

additional lens by more than plus/minus 2 diopters.

In some applications, shaping the additional lens such that the curvature of the additional
lens conforms with the curvature of the base eyeglasses lens includes changing a curvature of the

additional lens by up to plus/minus 4 diopters.
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In some applications, the method further includes, subsequent to adhering the additional
lens to the base eyeglasses lens, applying a heat treatment to the additional lens in order to release

stresses from the additional lens.

In some applications, the method further includes, subsequent to adhering the additional
lens to the base eyeglasses lens, applying a pressure treatment to the combined lens such as to

remove any vacant volumes which may be located between the additional lens and the base lens.

In some applications, the method further includes, subsequent to adhering the additional
lens to the base eyeglasses lens, applying a pressure treatment to the combined lens such as to

remove any air bubbles which may be disposed between the additional lens and the base lens.

In some applications, shaping the additional lens includes, while the additional lens is at
said temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.2
and 0.8, pressing the additional lens into a form using a pressure-applying surface that is made of

a relatively soft material.

In some applications, shaping the additional lens while the additional lens is at said
temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.8

includes directly heating the additional lens via the pressure-applying surface.

In some applications, the pressure-applying surface includes a cushion, and directly
heating the additional lens via the pressure-applying surface includes directly heating the

additional lens using a heated fluid that is disposed within the cushion.

In some applications, directly heating the additional lens via the pressure-applying surface
includes directly heating the additional lens via a spiral heating element that is coupled to the

pressure-applying surface.

In some applications, gaps between adjacent windings of the spiral heating element

decrease from a center of the spiral toward an outside of the spiral.

In some applications, the pressure-applying surface is made of a material having a

hardness of less than 90 Shore A.

In some applications, the pressure-applying surface is made of a material having a

hardness of between 20 and 85 Shore A.

There is further provided, in accordance with some applications of the present invention,
a method including:
adhering a first lens to a second lens such as to form a combined lens having a given

optical design, the adhering including:
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placing the first lens and the second lens in respective first and second pressure
chambers, with an adhesive layer disposed between the first lens and the second lens,
pressure within each of the first and second pressure chambers being independently
controllable;

bringing a convex surface of the first lens into contact with the adhesive layer,
such that a central region of the convex surface of the first lens initially contacts the
adhesive layer, and contact between the convex surface of the first lens and the adhesive
layer subsequently radiates outwardly from the central region of the convex surface of the
first lens, until the convex surface of the first lens becomes covered by the adhesive layer;
and

bringing a concave surface of the second lens into contact with the adhesive layer,
such that a central region of the concave surface of the second lens initially contacts the
adhesive layer, and contact between the concave surface of the second lens and the
adhesive layer subsequently radiates outwardly from the central region of the concave
surface of the second lens, until the concave surface of the second lens becomes covered

by the adhesive layer.

In some applications, the adhering further includes reducing pressure within the first
pressure chamber to below ambient pressure while bringing the convex surface of the first lens

into contact with the adhesive layer.

In some applications, the adhering further includes reducing pressure within the second
pressure chamber to below ambient pressure while bringing the concave surface of the second

lens into contact with the adhesive layer.

In some applications, bringing the convex surface of the first lens into contact with the
adhesive layer, such that the central region of the convex surface of the first lens first contacts
the adhesive layer includes causing the adhesive layer to form a convex curve that faces toward
the convex surface of the first lens by applying a pressure difference between the first and second

pressure chambers.

In some applications, bringing the concave surface of the second lens into contact with
the adhesive layer such that the central region of the concave surface of the second lens first
contacts the adhesive layer includes, subsequent to the convex surface of the first lens being
covered with the adhesive layer, moving the first lens and the adhesive layer and the second lens
toward each other, such that the central region of the convex surface of the first lens with the

adhesive layer disposed thereon contacts the central region of the concave surface of the second

10
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lens, and a curvature of the convex surface of the first lens is greater than a curvature of the

concave surface of the second lens.

In some applications, the method further includes removing any air bubbles that become
trapped between the first lens and the adhesive layer using at least one technique selected from
the group consisting of: applying air pressure, applying mechanical pressure, autoclaving, and

any combination thereof.

In some applications, the method further includes removing any air bubbles that become
trapped between the second lens and the adhesive layer using at least one technique selected from
the group consisting of: applying air pressure, applying mechanical pressure, autoclaving, and

any combination thereof.

In some applications, the method further includes removing any vacant volumes that are
located between the first lens and the adhesive layer using at least one technique selected from
the group consisting of: applying air pressure, applying mechanical pressure, and any

combination thereof.

In some applications, the method further includes removing any vacant volumes that are
located between the second lens and the adhesive layer using at least one technique selected from
the group consisting of: applying air pressure, applying mechanical pressure, and any

combination thereof.
In some applications, a thickness of the adhesive layer is between 20 and 300 microns.
In some applications, the thickness of the adhesive layer is between 50 and 200 microns.

In some applications, the method further includes, at one or more stages during the
adhering, heating at least one element selected from the group consisting of: the base lens, the
additional lens, the adhesive layer, the first pressure chamber, the second pressure chamber, and

any combination thereof.

In some applications, heating the at least one element includes heating the at least one

element to a temperature of between 25 and 75 degrees Celsius.

In some applications, heating the at least one element includes heating the at least one

element for a time period of 0.1 seconds to 1 hour.

There is further provided, in accordance with some applications of the present invention,
apparatus for adhering a first lens having at least one convex surface to a second lens having at
least one concave surface, such as to form a combined lens having a given optical design, the

apparatus including:
11
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a first pressure chamber configured to house the first lens, and second pressure chamber
configured to house the second lens, pressure within each of the first and second pressure
chambers being independently controllable;

an adhesive layer disposed between the first and second pressure chambers;

one or more mechanical pushing elements; and

a computer processor configured:

to drive one of the mechanical pushing elements to bring the convex surface of the
first lens into contact with the adhesive layer, such that a central region of the convex
surface of the first lens initially contacts the adhesive layer, and contact between the
convex surface of the first lens and the adhesive layer subsequently radiates outwardly
from the central region of the convex surface of the first lens, until the convex surface of
the first lens becomes covered by the adhesive layer; and

to drive one of the mechanical pushing elements to bring the concave surface of
the second lens into contact with the adhesive layer, such that a central region of the
concave surface of the second lens initially contacts the adhesive layer, and contact
between the concave surface of the second lens and the adhesive layer subsequently
radiates outwardly from the central region of the concave surface of the second lens, until

the concave surface of the second lens becomes covered by the adhesive layer.

In some applications, the computer processor is configured to reduce the pressure within
the first pressure chamber to below ambient pressure while driving one of the mechanical pushing

elements to bring the convex surface of the first lens into contact with the adhesive layer.

In some applications, the computer processor is configured to reduce the pressure within
the second pressure chamber to below ambient pressure while driving one of the mechanical
pushing elements to bring the concave surface of the second lens into contact with the adhesive

layer.

In some applications, the computer processor is configured to cause the adhesive layer to
form a convex curve that faces toward the convex surface of the first lens by applying a pressure

difference between the first and second pressure chambers.

In some applications, the apparatus is for use with a first lens and a second lens that are
shaped such that a curvature of the convex surface of the first lens is greater than a curvature of
the concave surface of the second lens, and the computer processor is configured, subsequent to
the convex surface of the first lens being covered with the adhesive layer, to move the first lens

and the adhesive layer and the second lens toward each other, such that the central region of the
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convex surface of the first lens with the adhesive layer disposed thereon contacts the central

region of the concave surface of the second lens.

In some applications, the computer processor is configured to remove any air bubbles that
become trapped between the first lens and the adhesive layer and any vacant volumes that are
disposed between the first lens and the adhesive layer, by applying air pressure within the first

pressure chamber.

In some applications, the computer processor is configured to remove any air bubbles that
become trapped between the second lens and the adhesive layer and any vacant volumes that are
disposed between the second lens and the adhesive layer, by applying air pressure within the

second pressure chamber.

In some applications, the one or more mechanical pushing elements are configured to
remove any air bubbles that become trapped between the first lens and the adhesive layer and any
vacant volumes that are disposed between the first lens and the adhesive layer, by applying

mechanical pressure.

In some applications, the one or more mechanical pushing elements are configured to
remove any air bubbles that become trapped between the second lens and the adhesive layer and
any vacant volumes that are disposed between the second lens and the adhesive layer, by applying

mechanical pressure.

In some applications, the apparatus further includes a heating and/or pressure chamber
that is configured to remove any air bubbles that become trapped between the additional lens and
the adhesive layer, any air bubbles that become trapped between the second lens and the adhesive
layer, any vacant volumes that are disposed between the first lens and the adhesive layer, and any

vacant volumes that are disposed between the second lens and the adhesive layer.
In some applications, a thickness of the adhesive layer is between 20 and 300 microns.
In some applications, the thickness of the adhesive layer is between 50 and 200 microns.

In some applications, the apparatus further includes a heating component that is
configured, at one or more stages during the adhering, to heat at least one element selected from
the group consisting of: the base lens, the additional lens, the adhesive layer, the first pressure

chamber, the second pressure chamber, and any combination thereof.

In some applications, the heating component is configured to heat the at least one element

to a temperature of between 25 and 75 degrees Celsius.
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In some applications, the heating component is configured to heat the at least one element

for a time period of 0.1 seconds to 1 hour.

In some applications, at least one of the mechanical pushing elements is made of a

material having a hardness of less than 90 Shore A.

In some applications, the at least one of the mechanical pushing elements is made of a

material having a hardness of between 20 and 85 Shore A.

The present invention will be more fully understood from the following detailed

description of embodiments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing stress-versus-time and strain-versus-time curves for a
viscoelastic material loaded by a sinusoidal load and responding with a delayed sinusoidal
displacement, as is known in the prior art and as described hereinabove in the Background

section;

Fig. 2 is a schematic illustration of a pair of glasses that contains one or more lenses that
are made up of a base lens and an additional lens adhered to the base lens, in accordance with

some applications of the present invention;

Figs. 3A and 3B are graphs showing the variation, with temperature, of the storage
modulus, the loss modulus, and the Tan Delta of respective typical materials from which an

additional lens is made, in accordance with some applications of the present invention;

Fig. 4 is a flowchart summarizing steps that are typically performed in accordance with

some applications of the present invention;

Figs. 5 and 6 are schematic illustrations of apparatus for shaping a lens while the lens is

heated to a given temperature, in accordance with some applications of the present invention;

Figs. 7A, 7B, 7C, and 7D are schematic illustrations of respective steps of an adhesion
process for adhering an additional lens to a base lens, in accordance with some applications of

the present invention;

Fig. 8 is a schematic illustration of a chamber that is used to apply heat and/or pressure to
the combined additional lens and base lens after the additional lens and the base lens have been

adhered to each other, in accordance with some applications of the present invention; and
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Figs. 9A and 9B are graphs demonstrating how tolerance measurements are performed on

a lens that is made in accordance with some applications of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference is now made to Fig. 2, which is a schematic illustration of a pair of glasses 18
that includes one or more combined lenses 20 within a glasses frame 21, the combined lenses
being made up of a base lens 22 and an additional lens 24 adhered to the base lens, in accordance
with some applications of the present invention. For some applications, combined lens 20 is a
progressive lens, with base lens 22 being a single-focus, corrective lens (e.g., a far-vision
corrective lens) and the optical design of the additional lens 24 being such that upon being
adhered to the base lens 22, combined lens 20 becomes a progressive lens that matches a desired
prescription. Typically, additional lens 24 is coupled to the inner surface of base lens 22 (i.e., the
surface of base lens 22 that is closer to the user's eyes when combined lens 20 is incorporated
into glasses that are worn by the user, and which is typically concave). Alternatively, additional
lens 24 is coupled to the outer surface of base lens 22 (i.e., the surface of base lens 22 that is
farther from the user's eyes when the combined lens 20 is incorporated into glasses that are worn
by the user, and which is typically convex). It is noted that, in the enlarged portion of Fig. 1, a
gap is shown between the outer edge of the additional lens and glasses frame 21. Typically, such
a gap would not exist in practice, and such a gap is only shown in Fig. 1 for illustrative purposes,

in order to show additional lens 24 and base lens 22.

Although some applications of the present invention are described with reference to the
above example (wherein base lens 22 is a single-focus, corrective lens (e.g., a far-vision
corrective lens) and the optical design of the additional lens 24 is such that upon being adhered
to base lens 22, combined lens 20 becomes a progressive lens that matches a desired prescription),
the scope of the present application includes applying the lens-shaping techniques described
herein to other combinations of base lens 22 and additional lens 24. For example, the lens-
shaping techniques described herein could be applied to an additional lens that provides certain
optical functionalities (e.g., polarization, single-focus additive prescription, etc.) and that is
configured to be adhered to a base lens that has progressive characteristics. Alternatively, the
lens-shaping techniques described herein are applied to an additional lens that is configured to be
added to a base lens having characteristics that are not optically-corrective, for example, a lens
of safety goggles or swimming goggles. For some applications, the lens-shaping techniques
described herein are applied to a plano additional lens that is coated with a functional coating,

such as any one of the functional coatings described hereinbelow. Alternatively, the lens-shaping
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techniques described herein are applied to an additional lens that provides optical functionalities
(e.g., single-focus optically-corrective functionality, progressive optically-corrective
functionality, etc.) and that is configured to be adhered to a base lens that provides protection
from the sun (e.g., UV protection and/or polarization). Moreover, although some applications of
the lens-shaping techniques are described herein with reference to an additional lens, the scope
of the present application includes applying the shaping processes described herein to any
ophthalmic lens having a lens design. As described in further detail hereinbelow, typically, the
techniques described herein are configured to facilitate reshaping of an ophthalmic lens, such that
the lens not only retains its optical design at predesignated, clinically important sub-areas to
within ISO standard after being reshaped and adhered to base lens 22, but also retains
approximately the same residual cylinder quantities at predesignated, clinically important sub-
areas of the lens. Further typically, retention by the lens of its original optical design to within
tolerance at the predesignated sub-areas of the lens is achieved without the ophthalmic lens
retaining significant internal stresses (of the type that could lead to the additional lens rupturing,
or undergoing a stress crack during its lifetime). Further details are described hereinbelow with
reference to Figs. SA and 5B, regarding retention by the lens of its original optical design to

within tolerance at predesignated sub-areas of the lens.

Reference is now made to Figs. 3A and 3B, which are graphs showing the variation with
temperature of the storage modulus (curve 30), the loss modulus (curve 32), and the Tan Delta
(curve 34) of typical materials from which additional lens 24 is made, in accordance with some
applications of the present invention. Typically, additional lens 24 is made of an amorphous
viscoelastic polymer (e.g., an amorphous thermoplastic polymer), which exhibits both elastic and
plastic properties. Further typically, the additional lens is made of a polymer from the Polymethyl
Methacrylate (PMMA) group of homopolymers and copolymers, e.g., an impact-modified
PMMA polymer. Still further typically, the material from which the additional lens is made is
selected such that within the full range of ambient temperatures to which the additional lens is
likely to be exposed during use of combined lens 20, the additional lens maintains its optical
design. Thus, typically, the material is a material that does not undergo changes to shape or

cracking within a temperature range -10 degrees Celsius to 60 degrees Celsius.

The curves shown in Fig. 3A were measured upon Polymethyl methacrylate (PMMA),
using Dynamic Mechanical Analysis (also known as "DMA analysis") according to ASTM
designation number D 5023 (Standard Test Method for Plastics: Dynamic Mechanical
Properties: In Flexure (Three-Point Bending), with the analysis being performed using a TGA

Q800 TA instrument, within a temperature range of 0-200°C. For some applications, the
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additional lens is made of a polycarbonate polymer. The curves shown in Fig. 3B were also
measured upon a polycarbonate lens using Dynamic Mechanical Analysis according to ASTM
designation number D 5023 (Standard Test Method for Plastics: Dynamic Mechanical Properties:
In Flexure (Three-Point Bending), with the analysis being performed using a TGA Q800 TA

instrument, within a temperature range of 0-200°C.

The shapes of the curves shown in Figs. 3A and 3B are for specific examples of
amorphous viscoelastic polymers, which are used in accordance with some applications of the
present invention. However, the scope of the present application includes using any amorphous
viscoelastic polymer (e.g., any amorphous thermoplastic polymer, and/or any PMMA polymer,
polycarbonate polymer, polyurethane, and/or cyclic olefin polymer), and applying the lens-
shaping techniques described herein. The other polymers that are used have different storage
modulus, loss modulus, and Tan Delta curves to those shown in Figs. 3A and 3B. However, the
general principles described with reference to Figs. 3A and 3B are applicable to other amorphous
viscoelastic polymers. As such, the general principles of the lens-shaping techniques described
herein are typically applied to other amorphous viscoelastic polymers, but using appropriate

temperatures for those materials.

As described hereinabove in the Background section, a viscoelastic material's response to
the application of mechanical energy to the material may be characterized by its storage modulus
(E") and its loss modulus (E"). The material's storage modulus is a measure of its elastic behavior,
i.e., the extent to which mechanical energy that is applied to the material is stored in bond
stretching along polymer chains, such as to be released during recovery. Loss modulus is a
measure of the material's plastic behavior, i.e., the extent to which mechanical energy that is
applied to the material is lost due to internal friction between polymer chains (such energy not
being stored and subsequently released). A further parameter, which is known as the Tan Delta
of the material, measures the ratio of the loss modulus to the storage modulus, at any temperature.
As such, a material's Tan Delta is a measure of the tendency of the material to be dissipative and
dimensionally unstable. Typically, all three of the aforementioned parameters (i.e., storage
modulus, loss modulus, and Tan Delta) vary as the material's temperature varies, as indicated by
curves 30, 32, and 34 of Fig. 3A. The aforementioned parameters are determined by analyzing
the material using Dynamic Mechanical Analysis (also known as "DMA analysis"), as described

above.

Typically, additional lens 24 is initially formed such as to exhibit a given lens optical
design, in accordance with the needs described hereinabove (e.g., such that, upon being adhered

to base lens 22, the combination of the base lens and the additional lens forms a progressive lens).
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For example, the additional lens may initially be formed using a forming process such as injection
molding, injection-compression molding, compression molding, stamping, 3D-printing, and/or
casting. In order to adhere additional lens 24 to base lens 22, it is typically desirable that the
additional lens undergo a further shaping procedure such that its curvature conforms with the
curvature of the base lens. In particular, the surface of the additional lens that is adhered to the
base lens needs to be shaped to conform with the surface of the base lens to which it is adhered.
It is noted that, in some cases, the curvature of the additional lens is made to be slightly greater
than that of the base lens, in order to facilitate an adhesion process described hereinbelow with
reference to Figs. 7A-D. Furthermore, it is noted that, in some cases, and in particular if the
curvatures of the additional lens and the base lens are similar to each other, it is not necessary to
shape the additional lens prior to the adhesion step. However, the inventors have found that a
significant proportion of combinations of additional and base lenses typically require a shaping
technique as described herein to be durably applied to the additional lens. This is particularly the
case when the ophthalmic prescription includes cylinder with associated cylinder axis values,

which tends to have an impact on the concave curvature of the base lens.

An alternative to reshaping the additional lens such that its curvature conforms with the
curvature of the base lens would be to initially shape the additional lens such that it has the desired
optical design and is also shaped to conform with the shape of the base lens. However, this would
greatly increase the number of additional lenses that would need to be stocked by a retailer or
optical laboratory, since it would be necessary to stock separate stock-keeping units of additional
lenses having a given optical design but having different curvatures, such as to conform with
respective differently-shaped base lenses. (As noted above, this is particularly the case when the
ophthalmic prescription includes cylinder with associated cylinder axis values, which tends to
have an impact on the concave curvature of the base lens.) Alternatively, this would mean that
additional lenses would have to be manufactured in a bespoke manner (based upon a patient's
optical requirements and choice of base lens), in which case many of the advantages of
manufacturing a progressive lens using a base lens and an additional lens, rather than using

traditional manufacturing techniques, would be lost.

Lens shaping is highly challenging due to the fact that the predesignated sub-areas of the
lens are very accurate (at a level of thickness difference of microns). Shaping a progressive lens
in an uncontrolled manner risks ruining the optical value of the lens. It is desirable that, after the
additional lens is shaped in the above-described manner, the additional lens not only retains its
optical design at predesignated, clinically important sub-areas to within ISO standard after being

reshaped and adhered to base lens 22, but also retains approximately the same residual cylinder
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quantities at predesignated, clinically important sub-areas of the lens. Further typically, it is
desirable that the retention by the lens of its original optical design to within tolerance at the
predesignated sub-areas of the lens be achieved without the ophthalmic lens retaining significant
internal stresses (of the type that could lead to the additional lens rupturing, or undergoing a stress
crack during its lifetime). (Details of the levels of tolerance to which the additional lens should
retain its original optical design at predesignated sub-areas of the lens are described in further
detail hereinbelow, with reference to Figs. 9A-B.) Based upon the aforementioned
considerations, subsequent to the initial forming of the additional lens, a lens-shaping process as

described herein is typically applied to additional lens 24.

For some applications, by applying the lens-shaping process described herein, the
curvature of the additional lens may be changed by more than plus/minus 1 diopters (e.g., more
than plus/minus 2 diopters), and/or up to plus/minus 4 diopters (e.g., up to plus/minus 3 diopters),
while retaining the lens optical design and without introducing significant stresses into the lens

(as described above).

Referring again to Figs. 3A and 3B, as noted above, curve 30 shows the variation of the
storage modulus with temperature, and curve 32 shows the variation of the loss modulus with
temperature. It is again noted that the curves as shown in Figs. 3A and 3B correspond to the
storage modulus, loss modulus, and Tan Delta of specific examples of the material from which
the additional lens may be made. However, the general principles described with reference to
Figs. 3A and 3B are typically applicable to any amorphous viscoelastic polymer from which the

additional lens may be made.

As noted above, the Tan Delta is the ratio between the loss modulus and the storage
modulus. Referring first to Fig. 3A, curve 34, which shows the variation of Tan Delta with
temperature, rises sharply, before reaching a peak and then dropping sharply. Similarly, referring
to Fig. 3B, it may be observed that curve 34, which shows the variation of Tan Delta with
temperature, rises sharply, before reaching a peak and then dropping sharply. The materials that
are typically used in the additional lens typically have only a single peak in their Tan

Delta/temperature curve, as shown.

The inventors of the present application have found that, if additional lens 24 is shaped at
temperatures at which the Tan Delta is greater than 0.8 (or in some cases greater than 0.5 or 0.3),
this typically causes irreversible damage to the lens optical design. This is because when the lens
is shaped under stress at such temperatures, deformation of the lens typically causes plastic
deformation, such that when the lens returns to ambient temperature, components of its optical

design are lost, and unwanted cylinder may appear. On the other hand, the inventors have found
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that, if additional lens 24 is shaped at temperatures at which the Tan Delta is below 0.2 (or in

some cases below 0.3 or 0.5), this allows the additional lens to retain its lens optical design, but
leaves internal stresses in the lens that later may develop into cracks, or regions in which the lens
loses its transparency due to stresses. For example, the lens may form cracks as a result of the
internal stress in combination with thermal cycles, thermal shocks, mechanical shock, or
environmental stress (e.g., due to chemical cleaning materials, and/or or bodily-secreted fluids).
The phenomenon of slow cracking of polymers, especially amorphous ones, is well known and
is further accelerated by fats (e.g., human fat or grease, from hands or face), oils, cleaning agents
and soaps, that are likely to come into contact with the additional lens during its life cycle. An
additional risk associated with shaping the additional lens at temperatures at which the Tan Delta
is below 0.2 (and in some cases below 0.5, or below 0.3) is that the additional lens will tend to

revert to its original shape, which will cause it to become separated from the base lens.

Therefore, in accordance with some applications of the present invention, additional lens
24 is shaped at a temperature at which the material from which the additional lens is made has a
Tan Delta of more than 0.2 and/or less than 0.8. For some applications, the additional lens is
shaped at a temperature at which the material from which the additional lens is made has a Tan
Delta of 0.2-0.5 or 0.2-0.3. Alternatively or additionally, the additional lens is shaped at a
temperature at which the material from which the additional lens is made has a Tan Delta of 0.3-

0.8 or 0.5-0.8.

It is noted that the material's Tan Delta is typically within the aforementioned range both
within the sharp rising portion of the Tan Delta/temperature curve and within the sharp falling
portion of the Tan Delta/temperature curve. The material is typically heated to a temperature at
which the material's Tan Delta/temperature is within the aforementioned range within the rising
portion of the Tan Delta/temperature curve, i.e., at a lower temperature than the temperature at
which the Tan Delta/temperature curve first passes 0.8 (e.g., first passes 0.5, or first passes 0.3).
In other words, additional lens 24 is typically shaped at a temperature (a) that is below the peak
of the Tan Delta/temperature curve of the material from which the additional lens is made, and
(b) at which the material from which the additional lens is made has a Tan Delta of more than 0.2
and/or less than 0.8, e.g., 0.2-0.8, 0.2-0.5, 0.2-0.3, 0.3-0.8, or 0.5-0.8. Typically, within the
aforementioned Tan Delta range, the material retains its original lens optical design while

maintaining only low residual stresses.

For some applications, the additional lens is heated to a temperature within the
aforementioned range that is additionally at least 5 degrees Celsius (e.g., at least 10 degrees

Celsius) below the peak of the Tan Delta/temperature curve of the material from which the
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additional lens is made. In other words, additional lens 24 is typically shaped at a temperature
(a) that is at least 5 degrees Celsius (e.g., at least 10 degrees Celsius) below the peak of the Tan
Delta/temperature curve of the material from which the additional lens is made, and (b) at which
the material from which the additional lens is made has a Tan Delta of more than 0.2 and/or less
than 0.8, e.g., 0.2-0.8, 0.2-0.5, 0.2-0.3, 0.3-0.8, or 0.5-0.8. Typically, within the aforementioned
Tan Delta range, the material retains its original lens optical design while maintaining only low

residual stresses.

It is noted that, while the temperature to which the additional lens is heated is constrained
by the above-described limitations, the actual value of the Tan Delta at the peak of the Tan
Delta/temperature curve is not a constraint. In other words, the additional lens is typically heated
to a temperature at which the material from which the additional lens is made has a Tan Delta of
more than 0.2 and/or less than 0.8, irrespective of the value of the Tan Delta at the peak of the

Tan Delta/temperature curve.

Reference is now made to Fig. 4, which is a flowchart summarizing steps that are typically
performed in order to combine additional lens 24 and base lens 22 (both of which are shown in

Fig. 2, for example), in accordance with some applications of the present invention.

In a first step 60, additional lens 24 is formed such as to exhibit a given lens optical design,
in accordance with the needs described hereinabove (e.g., such that, upon being adhered to base
lens 22, the combination of the base lens and the additional lens forms a progressive lens). For
example, the additional lens may initially be formed using a forming process such as injection
molding, injection-compression molding, compression molding, stamping, 3D-printing, and/or

casting.

In a second step 62, the additional lens is reshaped by applying pressure to the additional
lens over a certain period of time (as described in further detail hereinbelow), such that the
curvature of the additional lens conforms with the curvature of base lens 22. Typically, during
this step, the additional lens is heated to a temperature as described hereinabove. That is to say
that, typically, during this step, the additional lens is heated to a temperature at which the material
from which the additional lens is made has a Tan Delta of more than 0.2 and/or less than 0.8, e.g.,
0.2-0.8, 0.2-0.5, 0.2-0.3, 0.3-0.8, or 0.5-0.8. Further typically, during this step, the additional
lens is heated to a temperature (a) that is below the peak of the Tan Delta/temperature curve of
the material from which the additional lens is made, and (b) at which the material from which the
additional lens is made has a Tan Delta of more than 0.2 and/or less than 0.8, e.g., 0.2-0.8, 0.2-
0.5, 0.2-0.3, 0.3-0.8, or 0.5-0.8.  Still further typically, during this step, the additional lens is

heated to a temperature (a) that is at least 5 degrees Celsius (e.g., at least 10 degrees Celsius)
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below the peak of the Tan Delta/temperature curve of the material from which the additional lens
is made, and (b) at which the material from which the additional lens is made has a Tan Delta of
more than 0.2 and/or less than 0.8, e.g., 0.2-0.8, 0.2-0.5, 0.2-0.3, 0.3-0.8, or 0.5-0.8. As described
hereinabove, within the aforementioned Tan Delta range, the material from which the additional
lens is made typically retains its original lens optical design while maintaining only low residual

stresses.

Step 62 is described in further detail hereinbelow with reference to Figs. 5 and 6. For
some applications, while the additional lens is heated to the aforementioned temperature range,
the additional lens is pressed into a form 40 (e.g., a mold, as shown in Figs. 5 and 6), e.g., using
a pressure-applying element 42 (also shown in Figs. 5 and 6) that is typically made of a soft
material. For some applications, base lens 22 itself is used as the form. For some applications,
the form and the pressure-applying element are disposed inside an oven 44 (also shown in Figs.
5 and 6), within which the additional lens is heated to the above-described temperature range. It
is noted that, in some cases, the curvature of the additional lens is reshaped to be slightly greater
than that of the base lens, in order to facilitate an adhesion process described hereinbelow with
reference to Figs. 7A-D. Furthermore, it is noted that, in some cases, and in particular if the
curvatures of the additional lens and the base lens are similar to each other, it is not necessary to
shape the additional lens prior to the adhesion step. However, the inventors have found that a
significant proportion of combinations of additional and base lenses typically require a shaping

technique as described herein to be applied to the additional lens.

In a third step 64, once the additional lens has been reshaped, it is adhered to the base
lens, for example, using a pressure-sensitive adhesive, a photo-curable liquid adhesive, a photo-
curable, pressure-sensitive adhesive, and/or a different adhesive. Step 64 is described in further

detail hereinbelow with reference to Figs. 7A-D.

For some applications, an optional fourth step 66 is applied. For such applications, after
the additional lens is adhered to the base lens, the combined lens is subject to an additional heat
treatment, in order to further remove any residual stresses that may be present in the additional
lens, and/or the overall combined structure. Alternatively or additionally, pressure is applied to
the combined structure, in order to ensure that the additional lens and the base lens are fully in
contact with one another without any spaces or air bubbles in between. Step 66 is described in

further detail hereinbelow, with reference to Fig. 8.

Reference is now made to Fig. 5, which is a schematic illustration of additional lens 24
being shaped, while being heated to a temperature at which the material from which the additional

lens is made has a Tan Delta of more than 0.2 and/or less than 0.8, in accordance with some
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applications of the present invention. As described hereinabove, typically, additional lens 24 is
initially formed such as to exhibit a given lens optical design, in accordance with the needs
described hereinabove (e.g., such that, upon being adhered to base lens 22 (shown in Fig. 2), the
combination of the base lens and the additional lens forms a progressive lens). For example, the
additional lens may initially be formed using a forming process such as injection molding,
injection-compression molding, compression molding, stamping, 3D-printing, and/or casting. In
order to adhere additional lens 24 to base lens 22, the additional lens typically needs to undergo

a further shaping procedure such that its curvature conforms with the curvature of the base lens.

For some applications, while additional lens 24 is heated to a temperature that falls within
the temperature range described hereinabove, the further shaping process is applied to the
additional lens, such that the curvature of the additional lens conforms with the curvature of base
lens 22 (which may be an aspheric lens). For some applications, the further shaping process
includes pressing the additional lens into a form 40 (such as a mold), e.g., using a pressure-
applying element 42 that is typically made of a soft material. Typically, the soft material is an
elastomer having a hardness of less than 90 Shore A (e.g., between 20 and 85 Shore A).
Alternatively or additionally, the soft material is a plastic, an elastomeric foam, a cellular plastic,
a cellular elastomer, a liquid-filled pouch, a gas-filled pouch, a multilayer or monolayer, and/or
a gel. For some applications, the soft material is one or more of silicone elastomer, polyurethane
elastomer, a thermoplastic elastomer, a vulcanized elastomer and/or a thermoplastic vulcanizate
(TPV). For some applications, the pressure-applying element is a dome-shaped cushion that
comprises one or more of the aforementioned materials. For some applications, the cushion has
an alternative shape. For some applications (not shown), base lens 22 itself (shown in Fig. 2) is

used as the form.

For some applications, the form and the pressure-applying element are disposed inside an
oven 44, within which the additional lens is heated to a temperature that falls within the
temperature range described hereinabove. For some applications, the curvature of the additional
lens is made to be slightly greater than that of the base lens, in order to facilitate an adhesion
process described hereinbelow with reference to Figs. 7A-D. As noted above, in some cases, and
in particular if the curvatures of the additional lens and the base lens are similar to each other, it
is not necessary to shape the additional lens prior to the adhesion step. However, the inventors
have found that a significant proportion of combinations of additional and base lenses typically

require a shaping technique as described herein to be applied to the additional lens.

Typically, pressure that is applied to the additional lens during the shaping process is more
than 0.01 kg per square cm (e.g., more than 0.2 kg per square cm), and/or less than 100 kg per
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square cm (e.g., less than 1 kg per square cm), e.g., 0.01 — 100 kg per square cm, or 0.2 — 1 kg

per square cm. Typically, applying pressure that is lower than the aforementioned range will not
be sufficient to cause reshaping of the lens, whereas applying pressure that is greater than the
aforementioned range can cause damage to the lens (and/or a coating on the lens, such as those
described hereinbelow). For some applications, the heating and pressure is applied to the
additional lens for a duration of more than 0.1 second, and/or less than 1 hour, e.g., 0.1 second —
1 hour. Typically, applying pressure for a time period that is below the aforementioned range
will not be sufficient to cause reshaping of the lens, whereas applying pressure for a time period
that is greater than the aforementioned range can cause a loss of the optical design of the lens

(e.g., due to creep).

It is noted that because the reshaping of the lens is performed at a temperature that is
below the peak of the Tan Delta curve, in some cases, the shape of the additional lens slightly
reverts to its original shape even after the above-described process has been performed.
Typically, even in such cases, the subsequent steps of the procedure described hereinbelow (such
as the adhesion process described with reference to Figs. 7A-D) ensure that the additional lens

conforms with the shape of the base lens in a durable manner.

Typically, subsequent to the shaping process, the lens is cooled before being removed
from the form (e.g., the mold) in which it is placed during the shaping process. Once the
additional lens has been shaped, it is adhered to the base lens, for example, using a pressure-
sensitive adhesive, a photo-curable liquid adhesive, a photo-curable, pressure-sensitive adhesive,
and/or a different adhesive. For some applications, the additional lens is adhered to the base lens
using the adhesion procedure described hereinbelow with reference to Figs. 7A-D. It is noted
that, since the additional lens is reshaped prior to adhering the additional lens to the base lens,
the characteristics of the reshaped additional lens may be tested prior to the additional lens being
adhered to the base lens. This being the case, in the event that the reshaping process is discovered
to have reduced the fidelity of the optical design of a particular additional lens beyond the
requisite tolerance levels, then the additional lens can be rejected from being used without causing

the base lens to also be rejected from being used.

For some applications, the additional lens is coated with a functional coating, such as a
hard coating, an anti-reflective coating, a super-hydrophobic coating, an antistatic coating, a clean
coating (i.e., a coating configured to repel liquids, dust, etc.), a blue-light filter, a reflective
coating, an anti-UV coating, a photochromic coating, a polarizing coating and/or any combination
thereof. In accordance with respective applications, the coating is applied to the additional lens

in liquid, gas, and/or solid form, typically using techniques that are known in the art. Typically,
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the coating is applied to the additional lens before the shaping process is applied to the additional

lens, and the material from which the coating is made is selected such that when the additional
lens is heated to the above-described temperature range and the shaping process is applied to the
additional lens, the coating also becomes deformable in a manner that does not cause a loss of
function of the functional coating, and that does not introduce significant stresses to the coating
(of the type that could lead to the coating rupturing, or undergoing a stress crack during its
lifetime), or cause the coating to introduce significant stresses to the additional lens itself (of the
type that could lead to the additional lens rupturing, or undergoing a stress crack during its
lifetime). Thus, the curvature of the functional coating can also be changed without causing a
loss of function of the functional coating. For some applications, the temperature to which the
additional lens is heated is such that, at this temperature, the Tan Delta of the material from which
the functional coating is made is more than 0.2 and/or less than 0.8, e.g., 0.2-0.8, 0.2-0.5, 0.2-0.3,
0.3-0.8, or 0.5-0.8.

For some applications, the functional coating is a hard coating, and the selection of the
material from which the hard coating is made, as well as the shaping process, are such that the
hard coating is reshaped without cracking the hard coating, without introducing significant
stresses into the hard coating (of the type that could lead to the hard coating rupturing, or
undergoing a stress crack during its lifetime), and without causing the hard coating to introduce
significant stresses to the additional lens itself (of the type that could lead to the additional lens

rupturing, or undergoing a stress crack during its lifetime).

Typically, the coating is selected such that it does not undergo changes to shape or
cracking within a temperature range to which lenses of eyeglasses might typically be subjected

to during use (e.g., from -10 degrees Celsius to 60 degrees Celsius).

By selecting the material from which the coating is made in the above-described manner,
the coating can be applied to the additional lens at a first point in the manufacture of combined
lens 20, and the shaping process can then be applied to the lens and the coating at a different point
in the manufacture of lens combined lens 20. For example, the coating can be applied to
additional lens 24 at a point of manufacture in which additional lenses are produced in bulk, and
the shaping process can then be applied to the lens and the coating at a point of sale. For some
such applications, combined lens 20 is a progressive lens that is manufactured at the point of sale
according to a patient's prescription by combining base lens 22 (which is a single-focus optically-
corrective lens) with additional lens 24 (which provides additive optically-corrective
functionalities to the base lens). For example, the base lens may be a single-focus optically-

corrective lens, and the additional lens may provide additive optically-corrective functionalities
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to the base lens, such that the combination of the base lens and the additional lens provide a
progressive lens that matches the patient's prescription, e.g., as is generally described in US

9,995,948 to Arieli, which is incorporated herein by reference.

For some applications, additional lens 24 is a plano lens that is coated with one or more
functional coatings. For some such applications, the coated plano lens is applied to a base lens
22 that is a progressive lens. For example, base lens 22 may be a progressive lens that is
manufactured using a direct-to-lens surfacing manufacturing process (e.g., a free-form
manufacturing process). Typically, such progressive lenses are manufactured in a bespoke
manner to match a given patient's prescription. When a progressive lens is manufactured using
a direct-to-lens surfacing manufacturing process, a surface of the progressive lens (which is
typically the back surface) is cut during the manufacturing process. Typically, functional
coatings can only be applied to this surface after the cutting has been completed, because if the
functional coatings were to be applied to the surface before the cutting has been completed, the
coatings would become degraded by the cutting. Employing conventional techniques for
applying functional coatings to the cut surface typically introduces a delay into the manufacturing
process of such lenses, due to time-consuming chemical processes that are used (and which can
only be applied after the lens has been cut to match the patient's prescription). This introduces a
bottleneck into the manufacture of progressive lenses, which, in turn, means that such lenses are
typically manufactured off-site in a laboratory, as opposed to being manufactured on-site at an
optician. For some applications of the present invention, a plano additional lens that is pre-coated
with one or more functional coatings is shaped to precisely conform with the curvature of the cut
surface of the base progressive lens, using the techniques described hereinabove. Typically, the
plano additional lens is then adhered to the cut surface of the base progressive lens, using the

techniques described hereinbelow with reference to Figs. 7A-D.

It is noted that, typically, a surface of a progressive lens (and, particularly, the cut surface
of a progressive lens that is manufactured using a direct-to-lens surfacing manufacturing process)
has a highly complex curvature. Nevertheless, using the techniques described herein, the
additional lens can be reshaped such as to substantially conform with the curvature of the cut
surface, without introducing substantial stresses (and any resulting optical distortions) to either
the additional lens or to the functional coatings. For some applications, generally similar
techniques to those described in the above paragraph are applied to a base progressive lens that
is manufactured using a manufacturing process other than a direct-to-lens surfacing

manufacturing process.
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Reference is now made to Fig. 6, which is a schematic illustration of additional lens 24
being shaped, while being heated to a temperature at which the material from which the additional
lens is made has a Tan Delta of more than 0.2 and/or less than 0.8, in accordance with some
alternative applications of the present invention. The apparatus and methods used in conjunction
with the apparatus shown in Fig. 6 are generally similar to those described hereinabove with

reference to Fig. 5, except for the differences described below.

While Fig. 5 shows pressure-applying element 42 disposed above form 40, such that the
pressure-applying element pushes the additional lens in a downward direction toward the form,
for some applications, the pressure-applying element 42 is disposed below form 40, such that the
pressure-applying element pushes the additional lens in an upward direction toward the form, as

shown in Fig. 6.

For some applications, the curvature of form 40 is greater than the curvature to which the
additional lens is to be shaped. The extent to which the additional lens in reshaped is thus
typically controlled by the amount of pressure that the pressure-applying element applies to the
additional lens, rather than being limited to the specific curvature of the form. This is
schematically illustrated in Fig. 6, which shows a gap between additional lens 24 and form 40, at
the center of the additional lens, even once the additional lens has been reshaped. Typically, this
reduces contact between the additional lens and the form relative to if the additional lens were to
be shaped by being pushed such that the additional lens makes full contact with the form, thereby
reducing potential damage that could be caused by contact between the additional lens and the
form. In addition, a single form is thereby capable of being used to generate a broad range of

additional lens curvatures.

As described hereinabove, typically, during the shaping step, the additional lens is
disposed inside oven 44, in order for the temperature of the additional lens to be maintained at a
temperature that falls within the above-described temperature range. For some applications, as
an alternative or in addition to the oven heating the additional lens during the shaping process,
direct heating is applied to the additional lens in order to maintain precise control over the
temperature to which the additional lens is heated. For some applications, direct heating is
applied to the additional lens via pressure-applying element 42. For example, as shown an
electrical heating element 45 may be embedded within the pressure-applying element.
Alternatively or additionally, a heated fluid may be disposed inside the pressure-applying
element. For some applications, direct heating is applied to the additional lens, by form 40 (which
is typically made of glass) being heated. Alternatively or additionally, direct heating is applied
to the additional lens using infrared radiation.
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As described in the above paragraph, for some applications, electrical heating element 45
is embedded within the pressure-applying element and is configured to directly heat the additional
lens, during the shaping step. For some applications, the heating element is shaped as a spiral, as
shown. Furthermore, for some applications, the spiral is shaped such that gaps between adjacent
windings of the spiral decrease from the center of the spiral toward the outside of the spiral.
Typically, this shape of the heating element provides relatively uniform heating across the surface
of the additional lens. For some applications, direct heating is applied to the additional lens in a
relatively uniform manner using a different technique (e.g., using a heated fluid that is disposed

inside the pressure-applying element, as described above).

It 1s noted that the above-described features, such as the use of the pressure-applying
element to apply direct heat to the additional lens, as well as the materials, shapes, and designs
described with reference to pressure-applying element 42 may be incorporated into other
components described herein, such as pressure-applying element 42 as shown in Fig. 5, and/or

pushing element 80 shown in Figs. 7A-D.

Reference is now made to Figs. 7A, 7B, 7C, and 7D which are schematic illustrations of
respective steps of an adhesion process for adhering additional lens 24 to base lens 22, in
accordance with some applications of the present invention. Typically, the steps shown in Figs.
7A-D are performed subsequent to the additional lens having been reshaped such that its
curvature conforms with the curvature of the base lens. Typically, the additional lens defines at
least one convex surface and the base lens defines at least one concave surface, and the convex
surface of the additional lens is adhered to the concave surface of the base lens. For some
applications, when reshaping the additional lens (e.g., using the techniques described
hereinabove), the curvature of the convex surface of the additional lens is made to be slightly
greater than the curvature of the concave surface of the base lens, in order to facilitate the
technique described with reference to Figs. 7A-D (and, in particular, the step described with

reference to Fig. 7C).

For some applications, additional lens 24 is held in a first chamber 71 and base lens 22 is
held in a second chamber 72, as shown in Fig. 7A. For some applications, each of chambers 71
and 72 function as ovens, in that the temperature of each of the chambers can be controlled.
Alternatively, the chambers are not heated. Typically, chamber 71 is coupled to a source of
vacuum pressure via a first tube 70 and chamber 71 is coupled to the same or an alternative source
of vacuum pressure via a second tube 75, such that the pressure within each of the chambers can

be controlled independently of each other.
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Typically, a thin, flexible adhesive layer 73 (which is typically a pressure-sensitive

adhesive, both sides of which are adhesive) is held between the two chambers. For example, as
shown in the cross-section view of the chambers, adhesive layer 73 may be held between the first
and second chambers by a solid plate 79. Typically, the adhesive layer has a uniform thickness,
which is typically more than 20 microns (e.g., more than 50 microns), and/or less than 300
microns (e.g., less than 200 microns), for example, 20-300 microns, or 50-200 microns. For some
applications, the additional lens is adhered to the base lens by adhesive layer 73, without leaving
significant air bubbles or other spaces in place between either one of the lenses and the adhesive
layer, by controlling the pressure within the chambers and moving the lenses toward the adhesive
layer in accordance with the steps shown in Figs. 7A-D. Typically, during much of the procedure,
vacuum pressure (e.g., negative pressure of between 1 millibar and 1 bar) is generated within
each of the chambers, such as to reduce the pressure below ambient pressure. At certain stages
of the procedure, pressure in one or both of the chambers may be increased or decreased, as
described hereinbelow. For some applications, at one or more stages during the adhesion process,
heating is applied to one or both of the lenses, and/or the adhesive layer, and/or one or both of

the pressure chambers.

The convex surface of the additional lens has a central region 76. As shown in Fig. 7B,
for some applications, a pressure difference is generated between chambers 71 and 72 that is such
as to cause the adhesive layer to form a convex curve that faces toward the convex surface of the
additional lens, such that a central region 74 of the adhesive layer is closer to central region 76
of the convex surface of the additional lens than any other two points on the adhesive layer and
the convex surface of the additional lens. As described above, typically, the pressure within
chambers 71 and 72 is controlled independently of one another. For some applications, at this
stage, the pressure in chamber 71 is made to be lower than in chamber 72, in order to cause the

adhesive layer to curve in the above-described manner.

While the adhesive layer is curving toward the additional lens, the additional lens and the
adhesive layer are brought toward each other, e.g., using a mechanical pushing element 80. For
some applications, mechanical pushing element 80 has a generally similar shape, size, and/or
functionalities to those described hereinabove with reference to pressure-applying element 42,
shown in Figs. 5-6. For some applications, the pushing element is a dome-shaped pushing
element that is hydraulically controlled using a piston 81, as shown. Typically, adhesive layer
73 and additional lens 24 first touch each other at their respective central regions 74 and 76. As
the additional lens continues to be brought toward the adhesive layer, contact between the

additional lens and the adhesive layer radiates outwardly from central region 76 of the convex

29



10

15

20

25

30

WO 2021/198822 PCT/1IB2021/052164

surface of the additional lens, until the convex surface of the additional lens becomes fully
covered by the adhesive layer. It is noted that for some applications, the adhesive layer is not
made to curve toward the additional lens. Nevertheless the first point of contact between the
additional lens and the adhesive layer is typically at the center of the additional lens, by virtue of
the convex curvature of the convex surface of the additional lens. Typically, by causing the
additional lens to first contact the adhesive layer at its center and then causing contact between
the additional lens and the adhesive layer to radiate outwardly, air bubbles are forced out from
between the additional lens and the adhesive layer, thereby substantially preventing air bubbles

from being trapped between the additional lens and the adhesive layer.

For some applications, prior to bringing the additional lens and the adhesive layer toward
each other, vacuum pressure is established at least in first chamber 71 (i.e., the pressure within
the first chamber is made to be less than ambient pressure), in order to remove air bubbles from
between the adhesive layer and the additional lens. The establishment of vacuum pressure within
the first chamber is typically performed irrespective of whether differential pressure is established
between the first and second chambers at this stage (i.e., in order to cause the adhesive layer to
curve, as described hereinabove). For some applications, subsequent to adhering the adhesive
layer to the additional lens, in order to remove any smaller air bubbles which may nevertheless
have become trapped between the additional lens and the adhesive layer and/or any vacant
volumes which may be located between the additional lens and the adhesive layer, pressure within
chamber 71 and/or chamber 72 is increased (e.g., to ambient pressure). The increase in pressure
typically causes any small air bubbles which may have become trapped between the additional
lens and the adhesive layer to percolate out from between the additional lens and the adhesive
layer and causes any vacant volumes which may be located between the additional lens and the

adhesive layer to be removed, by applying pressure to the adhesive layer.

Referring to Figs. 7C and 7D, subsequent to adhering adhesive layer 73 to additional lens
24, the additional lens and the adhesive layer are brought toward base lens 22 (e.g., using
mechanical pushing element 80). For some applications, prior to bringing the additional lens and
the adhesive layer toward the base lens, vacuum pressure is established at least in second chamber
72 (i.e., the pressure within the second chamber is made to be less than ambient pressure), in
order to remove air bubbles from between the adhesive layer and the base lens. As described
hereinabove, typically, during the reshaping of the additional lens, the convex curvature of the
surface of the additional lens that is to be adhered to the adhesive layer is made to be greater than
the concave curvature of the surface of the base lens that is to be adhered to the adhesive layer.

Thus, the respective shapes of the additional lens and the base lens are typically such that the first
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point of contact between the adhesive layer (which at this stage conforms to the shape of the
additional lens) and the base lens is at a central region 77 of the concave surface of base lens 22
(as shown in Fig. 7C). As the additional lens continues to be pushed toward the base lens, contact
between the adhesive layer and the base lens radiates outwardly from the center of the concave
surface of the base lens, until the concave surface of the base lens becomes fully covered by the
adhesive layer (as shown in Fig. 7D). Typically, by causing the base lens to first contact the
adhesive layer at its center and then causing contact between the base lens and the adhesive layer
to radiate outwardly, air bubbles are forced out from between the base lens and the adhesive layer,
thereby substantially preventing air bubbles from being trapped between the base lens and the

adhesive layer.

For some applications, in order to remove any smaller air bubbles which may nevertheless
have become trapped between the base lens and the adhesive layer and/or any vacant volumes
which may be located between the additional lens and the adhesive layer, pressure within
chamber 71 and/or 72 is increased (e.g., to ambient pressure). The increase in pressure typically
causes any small air bubbles which may have become trapped between the base lens and the
adhesive layer to percolate out and causes any vacant volumes which may be located between the
additional lens and the adhesive layer to be removed. Alternatively or additionally, mechanical
pressure is applied to one or both sides of the combined lenses (e.g., using mechanical pushing
element 80 and/or an additional pushing element that is configured to push against the outer
surface of base lens 22), in order to cause any small air bubbles which may have become trapped
between the additional lens and the adhesive layer and/or between the base lens and the adhesive
layer to percolate out, and/or in order to remove any vacant volumes which may be located
between the additional lens and the adhesive layer and/or between the base lens and the adhesive
layer. Further alternatively or additionally, the combined lens is transferred to a separate chamber
that is used to apply heat and pressure to one or both sides of the combined lenses, e.g., as shown

in Fig. 8.

As described hereinabove, for some applications, each of chambers 71 and 72 functions
as an oven, in that the temperature of each of the chambers can be controlled. For some
applications, additional elements within the chambers, such as pushing element 80 may be
temperature-controllable. For some applications, during one or more of the steps described with
reference to Figs. 7A-D, the base lens, the additional lens, the adhesive layer, the first pressure
chamber, and/or the second pressure chamber is heated. For example, one or more of the

aforementioned elements may be heated to temperature of between 25 and 75 degrees Celsius.
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It is noted that, although Figs. 7A-D show the adhesive layer first being applied to the

additional lens and subsequently applying the adhesive layer to the base lens, the scope of the
present application includes first applying the adhesive layer to the base lens and subsequently
applying the adhesive layer to the additional lens. Similarly, although the arrangement
schematically illustrated in Figs.7A-D shows the additional lens disposed beneath the adhesive
layer and the base lens, the scope of the present application includes performing generally similar
techniques but with the base lens disposed beneath the adhesive layer and the additional lens,
and/or with the base lens, the adhesive layer, and the additional lens disposed alongside each

other, and/or a different arrangement.

For some applications, one or more of the steps described with reference to Figs. 7A-D
are performed by a computer processor 82 that is configured to control pressure in the pressure
chambers, and/or to control movement of mechanical elements (e.g., mechanical pushing
elements). Typically, the operations described herein that are performed by computer processor
82, transform the physical state of a memory, which is a real physical article that is in
communication with the computer processor, to have a different magnetic polarity, electrical
charge, or the like, depending on the technology of the memory that is used. The computer
processor is typically a hardware device programmed with computer program instructions to
produce a special-purpose computer. For example, when programmed to perform the techniques
described herein, the computer processor typically acts as a special-purpose lens-adhering

computer processor.

Reference is now made to Fig. 8, which is a schematic illustration of a chamber 90 to
which combined lens 20 is transferred after additional lens 24 has been adhered to base lens 22,
in accordance with some applications of the present invention. Typically, heat and/or pressure is
applied to the combined lens within chamber 90. For some applications, as shown, the combined
lens is placed inside a receptacle 92. An upper cover 94 is configured to cover the receptacle,
such as to form a sealed inner chamber within which the combined lens is disposed. Typically,
a seal 96 (e.g., an O-ring) is disposed between the upper cover and the receptacle in order to seal
the interface between them. For some applications, once the sealed inner chamber has been
formed, pressure is applied to the outer surfaces of the combined lens, for example, by pumping
air into the sealed inner chamber, via an air inlet tube 97. Typically, the application of pressure
is such as to cause any small air bubbles which may have become trapped between the additional
lens and the base lens (e.g., between the additional lens and the adhesive layer and/or between

the base lens and the adhesive layer) to percolate out, and/or in order to remove any vacant
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volumes which may be located between the additional lens and the base lens (e.g., between the

additional lens and the adhesive layer and/or between the base lens and the adhesive layer).

For some applications, chamber 90 is an oven, such that the temperature within the
chamber is controlled. Alternatively or additionally, one or more surfaces (e.g., inner surfaces of
receptacle 92 and/or upper cover 94) which are placed into contact with the combined lens are
used to directly apply heat to the combined lens, such as to control a temperature to which the
combined lens is heated during this stage. Further alternatively or additionally, the air that is
used to apply pressure to the combined lens is heated such as to control a temperature to which
the combined lens is heated during this stage. Typically, the combined lens is heated to a
temperature that is such as to remove any residual stresses in one or both of the lenses, which

could lead to degradation of the lenses over time.

Tolerance measurements

As described hereinabove, it is typically desirable that, after additional lens 24 is shaped
in the manner described hereinabove, the additional lens not only retains its optical design at
predesignated measuring areas to within ISO standard after being reshaped and adhered to base
lens 22, but also retains approximately the same residual cylinder quantities at predesignated,
clinically important areas of the lens. The retention of the optical design of the additional lens is

typically measured using the following techniques:

Given an individual patient’s vision correction prescription containing a prescribed
amount of sphere correction in diopters, cylinder correction in diopters, prescribed cylinder axis
direction in degrees, and power addition value in diopters, there is a need to reshape the additional
lens to conform with the curvature of base lens 22. The base lens typically has a spherical or
aspherical front surface, a toric, spherical atoric, or aspherical back surface, a specified center
thickness and a specified index of refraction. The base lens is typically selected such that its
optical sphere, and cylinder prescription are close to the patient’s target prescription to within
ISO standard. The additional lens is typically adhered to the base lens in such a manner that the
base lens is rotated by an angle specified by the patient’s cylinder axis prescription in relation to
the additional lens prior to the adhesion of the lenses to each other, to an accuracy within the ISO
standard. The adhesion is typically such that the combined lens 20 has the following properties

when assembled into a frame with the correct orientation:

e Difference between the sphere value of lens 20 and patient’s target sphere Rx value is
within ISO standard when measured with an ISO regulated measuring device at distance

reference position of lens 20.
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¢ Difference between the cylinder value of lens 20 and patient’s target cylinder Rx value is
within ISO standard when measured with an ISO regulated measuring device at distance

reference position of lens 20.

¢ Difference between the cylinder axis value of lens 20 and patient’s target cylinder axis Rx
value is within ISO standard when measured with an ISO regulated measuring device at

distance reference position of lens 20.

e Difference between addition of lens 20 (the mean-power value measured at near reference
position of lens 20) and patient’s target addition Rx value is within ISO standard when

measured with an ISO regulated measuring device.

It is well known to those familiar with the art of ophthalmic lens design, that when
evaluating the optical performance of ophthalmic lenses, a common methodology is to divide the
full ophthalmic lens area into many small sub-areas, and to study the residual sphere, cylinder,
and cylinder axis values at each of these sub-areas individually. These sub-areas usually measure
roughly four millimeters in spatial extent, and may be of a round shape, or of a rectangular shape.
The residual sphere and cylinder of the lens at each such sub-area are the values obtained by
measuring the optical properties of the lens at each sub-area, and subtracting the patient’s Rx
from these values. Since the optical corrective properties of the patient Rx and of the lens are not

scalar or vector quantities, the following formulas can be used to calculate these values

mathematically:
my,(x,y)
_ ( Cos(Ax(x,y)) Sin(Ax(x,y))) (S(x, y) 0 )(Cos(Ax(x,y)) —Sin(Ax(x, y)))
=Sin(Ax(x,y)) Cos(Ax(x,y)) 0 SCx,y)+ Clx,y)) \Sin(Ax(x,y)) Cos(Ax(x,y))

Here m; (x, y) is the sphero-cylindrical matrix of the lens measured at a sub-area centered
at location (x,y), S(x,y) is the sphere power of the lens measured for said sub-area, C(x,y) is the
cylinder of the lens measured for said sub-area and Ax(x,y) is the cylinder axis of the lens

measured for said sub-area.
Similarly, the patient’s Rx can be represented by an Rx sphero-cylindrical matrix

_ ( Cos(Axg,) Sin(AxRx)) (SRx 0 )(Cos(AxRx) —Sin(AxRx)))
MRx =\ _Sin(Axgy) Cos(Axpe)/\ O Sgx + Cre/ \Sin(Axgy)  Cos(AXry)

The residual sphere and cylinder values of said lens sub-area in relation to the patient’s

Rx are acquired in the following manner:

a. Calculate the residual sphero-cylindrical matrix mges(x, v) = m;(x,y) — Mpy.
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b. Find the eigen values and corresponding eigen-directions of matrix mMges.

c. In cylinder minus convention, the residual sphere value of said sub-area is the most
positive eigenvalue of the matrix, the residual cylinder value is the difference between the
least positive and most positive eigen value, and the cylinder axis is the eigen-direction

of the most positive eigen-value.

There are many progressive lens designs commercially available today, designed by
several different lens design vendors. These lens designs differ one from the other in the values
of residual optical properties over their many sub-areas, when referencing a patient’s Rx which
the lens is designed to correct. The most common parameter that differentiates progressive lens
designs is the length of power progression. Broadly, this value measures how many millimeters
along the channel it takes the mean power to ascend from the far-vision value at the distance

reference position to its target addition.

In accordance with some applications of the present invention, additional lens not only
retains its optical design at predesignated measuring positions (as described above) after being
reshaped and adhered to base lens 22, but also retains approximately the same residual cylinder

quantities at pre-designated, clinically important areas of the lens.

In particular, there are measurement procedures that can be applied to additional lens 24
and to combined lens 20, which is composed of the additional lens and base lens 22. These
procedures measure optical properties across the majority of the sub-areas of the lens. From these
measurements the maps of the residual properties can easily be calculated for each of the lenses
and then compared one to the other in different regions using different quantity metrics. The
residual properties of the additional lens are calculated relative to a patient who has zero sphere
and cylinder correction, while the residual properties of the combined lens are calculated relative
to a patient with a given target Rx, which the base lens typically corrects for. For example, one
quantity metric can be defined in the following way: calculate the distance in millimeters one has
to traverse from the local minimum of the absolute value of the residual cylinder graph closest to
the channel, at a Y coordinate equal to that of the near vision reference point, to the left and to
the right, until one reaches a threshold of 0.5D absolute value of the residual cylinder. The sum
of those two distances can then be compared, when calculated for the residual cylinder of the
additional lens (prior to the reshaping) and for the absolute value of the residual cylinder of
combined lens 20. Similarly, such a calculation can be carried out with a Y coordinate higher
(closer to the fitting point) by 2 mm, by 4 mm, by 6 mm and by 8 mm. Typically, when such
quantity metrics are calculated for the measurement maps of the additional lens (prior to the

reshaping) and to combined lens 20, when the techniques described herein have been applied to
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the additional lens, it has been found that the difference is no more than 10% for lenses having a
sphere power between -2 D and +2 D, and a cylinder value between -2 and 0 in minus cylinder

format.

Reference is now made to Figs. 9A and 9B, which are graphs demonstrating the above-
described principles. In Fig. 9A, a horizontal cross-cut is shown at the near-vision reference point
of the residual cylinder (dashed curve) and mean power addition (solid curve) of a measured
additional lens, prior to reshaping. One can calculate the distance in millimeters one has to
traverse from the local minimum of the absolute value of the cylinder graph closest to the channel,
to the left and to the right until one reaches a threshold of 0.5D unwanted cylinder. These points
are marked as points 50 in the graph. The distance between these two points can serve as a
quantity metric for assessing the said lens’ residual cylinder in the region of the prism reference
point. Similarly, a measurement can be taken of combined lens 20 composed of additional lens
24 and base lens 22, and this can be assessed with the same quantity metric. This is shown in
Fig. 9B. As described hereinabove, typically, when such quantity metrics are calculated for the
measurement maps of the additional lens (prior to reshaping) and to combined lens 20, when the
techniques described herein have been applied to the additional lens, it has been found that the
difference is no more than 10% for lenses having a sphere power between -2 D and +2 D, and a

cylinder value between -2 and O in minus cylinder format.

Those familiar with the art know that high Rx single vision lenses may also exhibit
significant residual sphere and cylinder values at sub-areas far from the optical center of the lens
when measured with a mapping device. For lenses that have relatively high Rx (either Sphere
smaller than -2 D or greater than +2 D, and/or cylinder smaller than -2 D) one has to use a
modified method for evaluating the optical performance of the combined lens 20 in relation to

the additional lens and the base lens which is composed of the following steps:

1. Measure the residual optical properties of the pre-molded additional lens at every sub-area

of the additional lens and calculate each sub-area’s sphero-cylindrical matrix mgg4(x,y).

2. Measure the residual optical properties of the base lens at every sub-area of the base lens and

calculate each sub-area’s sphero-cylindrical matrix my,;(x, y).

3. Calculate a theoretical sphero-cylindrical matrix representing the sum of the base lens’ and

the additional lens’ residual properties for each sub-area given by my, (x, y) = my(x,y) +
Maqa(%,y).

4. Calculate the residual cylinder Cyp(x,y) of me(x,y) at each sub-area as the difference

between the least positive and the most positive eigen-value of m., (x, v).
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5. Plot absolute value of Cy,(x,y) cylinder thus acquired on a map.

6. Measure the residual optical properties of the combined lens at every sub-area of the lens

and calculate each sub-area’s sphero-cylindrical matrix m;(x, y).

7. Calculate the residual optical cylinder C,;(x, y)of m;(x, y) at each sub-area as the difference

between the least positive and the most positive eigen-value of m;(x, y).
8. Plot residual cylinder C,;(x, y) thus acquired on a map.

9. Calculate the quantity metrics described above for absolute value of Cy, (x, y) and absolute
value of C.(x,y) at the Y of the near reference position, and with a Y coordinate higher

(closer to the fitting point) by 2 mm, by 4 mm, by 6 mm and by 8 mm.

Typically, when such quantity metrics are calculated for the measurement maps of the
additional lens (prior to reshaping) and to combined lens 20, when the techniques described
herein have been applied to the additional lens, it has been found that the difference is no more

than 10%.

It will be appreciated by persons skilled in the art that the present invention is not limited
to what has been particularly shown and described hereinabove. Rather, the scope of the present
invention includes both combinations and subcombinations of the various features described
hereinabove, as well as variations and modifications thereof that are not in the prior art, which

would occur to persons skilled in the art upon reading the foregoing description.
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CLAIMS

1. A method for use with a base eyeglasses lens, the method comprising:
forming an additional lens from an amorphous viscoelastic material, such that the
additional lens has an optical design;
changing a curvature of the additional lens such that the curvature of the additional lens
conforms with a curvature of the base eyeglasses lens, without causing a loss of the optical design
of the additional lens, by:
heating the additional lens to a temperature at which a Tan Delta of the amorphous
viscoelastic material is between 0.2 and 0.8; and
while the additional lens is at said temperature at which the Tan Delta of the
amorphous viscoelastic material is between 0.2 and 0.8, shaping the additional lens, such
that the curvature of the additional lens conforms with the curvature of the base eyeglasses
lens; and
subsequently, adhering the additional lens to the base eyeglasses lens, the optical design
of the additional lens being such that, upon being adhered to the base eyeglasses lens, the adhered
base eyeglasses lens and the additional lens provide a combined lens having a desired optical

prescription.

2. The method according to claim 1, wherein heating the additional lens comprises heating
the additional lens to a temperature at which a Tan Delta of the amorphous viscoelastic material
is between 0.2 and 0.8 and to temperature that is lower than a temperature at which Tan Delta of

the amorphous viscoelastic material is at its peak.

3. The method according to claim 1, wherein heating the additional lens comprises heating
the additional lens to a temperature at which a Tan Delta of the amorphous viscoelastic material
is between 0.2 and 0.8 and to a temperature that is at least 5 degrees Celsius below a temperature

at which Tan Delta of the amorphous viscoelastic material is at its peak .

4. The method according to claim 1, wherein forming the additional lens from the
amorphous viscoelastic material comprises forming the additional lens from an amorphous

thermoplastic material.

5. The method according to claim 1, wherein heating the additional lens to a temperature at
which the Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.8 comprises
facilitating shaping the additional lens without the additional lens retaining significant internal

stresses.
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6. The method according to claim 1, wherein the base eyeglasses lens includes a single-focus
optically-corrective lens, and wherein adhering the additional lens to the base eyeglasses lens

comprises forming a combined progressive lens that provides a desired optical prescription.

7. The method according to claim 1, wherein shaping the additional lens comprises shaping
the additional lens, while the additional lens is at said temperature at which the Tan Delta of the
amorphous viscoelastic material is between 0.2 and 0.8, over a time period of between 0.1

seconds and 1 hour.

8. The method according to claim 1, wherein forming the additional lens from the
amorphous viscoelastic material such that the additional lens has an optical design comprises
forming the additional lens from the amorphous viscoelastic material using a forming process
selected from the group consisting of: injection molding, injection-compression molding,

compression molding, stamping, 3D-printing, casting, and any combination thereof.

9. The method according to any one of claims 1-8, wherein heating the additional lens to a
temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.8
comprises heating the additional lens to a temperature at which the Tan Delta of the amorphous

viscoelastic material is between 0.3 and 0.8.

10. The method according to claim 9, wherein heating the additional lens to a temperature at
which the Tan Delta of the amorphous viscoelastic material is between 0.3 and 0.8 comprises
heating the additional lens to a temperature at which the Tan Delta of the amorphous viscoelastic

material is between 0.5 and 0.8.

11. The method according to any one of claims 1-8, wherein heating the additional lens to a
temperature at which the Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.8
comprises heating the additional lens to a temperature at which the Tan Delta of the amorphous

viscoelastic material is between 0.2 and 0.5.

12. The method according to claim 11, wherein heating the additional lens to a temperature
at which the Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.5 comprises
heating the additional lens to a temperature at which the Tan Delta of the amorphous viscoelastic

material is between 0.2 and 0.3.

13. The method according to any one of claims 1-8, wherein the additional lens is coated with
a functional coating, and wherein changing the curvature of the additional lens such that the
curvature of the additional lens conforms with the curvature of the base eyeglasses lens comprises
changing a curvature of the functional coating without causing a loss of function of the functional

coating.
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14. The method according to claim 13, wherein changing the curvature of the functional
coating without causing a loss of function of the functional coating comprises changing a
curvature of the functional coating without introducing significant stresses into the additional

lens.

15. The method according to claim 13, wherein changing the curvature of the functional
coating without causing a loss of function of the functional coating comprises changing a
curvature of the functional coating without introducing significant stresses into the functional

coating.

16. The method according to claim 13, wherein heating the additional lens to a temperature
at which the Tan Delta of the amorphous viscoelastic material is between 0.2 and 0.8 comprises
heating the additional lens to a temperature at which a Tan Delta of a material from which the

functional coating is made is between 0.2 and 0.8.

17. The method according to claim 13, wherein the additional lens is coated with a hard
coating, and wherein changing the curvature of the functional coating without causing a loss of
function of the functional coating comprises changing a curvature of the hard coating without

introducing significant stresses into the hard coating.

18. The method according to claim 13, wherein the additional lens is coated with a hard
coating, and wherein changing the curvature of the functional coating without causing a loss of
function of the functional coating comprises changing a curvature of the hard coating without

introducing significant stresses into the additional lens.

19. The method according to claim 13, wherein the additional lens is coated with a hard
coating, and wherein changing the curvature of the functional coating without causing a loss of
function of the functional coating comprises changing a curvature of the hard coating without

cracking the hard coating.

20. The method according to claim 13, wherein the additional lens is coated with a functional
coating selected from the group consisting of: a hard coating, an anti-reflective coating, a super-
hydrophobic coating, an antistatic coating, a clean coating, a blue-light filter, a reflective coating,

an anti-UV coating, a photochromic coating, a polarizing coating, and any combination thereof.

21. The method according to any one of claims 1-8, wherein shaping the additional lens
comprises, while the additional lens is at said temperature at which the Tan Delta of the
amorphous viscoelastic material is between 0.2 and 0.8, applying pressure of 0.01 — 100 kg per

square cm to the additional lens.
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22. The method according to claim 21, wherein shaping the additional lens comprises, while
the additional lens is at said temperature at which the Tan Delta of the amorphous viscoelastic
material is between 0.2 and 0.8, applying pressure of 0.2 — 1 kg per square cm to the additional

lens.

23. The method according to any one of claims 1-8, wherein shaping the additional lens such
that the curvature of the additional lens conforms with the curvature of the base eyeglasses lens

comprises changing a curvature of the additional lens by more than plus/minus 2 diopters.

24. The method according to claim 23, wherein shaping the additional lens such that the
curvature of the additional lens conforms with the curvature of the base eyeglasses lens comprises

changing a curvature of the additional lens by up to plus/minus 4 diopters.

25. The method according to any one of claims 1-8, further comprising, subsequent to
adhering the additional lens to the base eyeglasses lens, applying a heat treatment to the additional

lens in order to release stresses from the additional lens.

26. The method according to claim 25, further comprising, subsequent to adhering the
additional lens to the base eyeglasses lens, applying a pressure treatment to the combined lens
such as to remove any vacant volumes which may be located between the additional lens and the

base lens.

27. The method according to claim 25, further comprising, subsequent to adhering the
additional lens to the base eyeglasses lens, applying a pressure treatment to the combined lens
such as to remove any air bubbles which may be disposed between the additional lens and the

base lens.

28. The method according to any one of claims 1-8, wherein shaping the additional lens
comprises, while the additional lens is at said temperature at which the Tan Delta of the
amorphous viscoelastic material is between 0.2 and 0.8, pressing the additional lens into a form

using a pressure-applying surface that is made of a relatively soft material.

29. The method according to claim 28, wherein shaping the additional lens while the
additional lens is at said temperature at which the Tan Delta of the amorphous viscoelastic
material is between 0.2 and 0.8 comprises directly heating the additional lens via the pressure-

applying surface.

30. The method according to claim 29, wherein the pressure-applying surface comprises a

cushion, and wherein directly heating the additional lens via the pressure-applying surface
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comprises directly heating the additional lens using a heated fluid that is disposed within the

cushion.

31. The method according to claim 29, wherein directly heating the additional lens via the
pressure-applying surface comprises directly heating the additional lens via a spiral heating

element that is coupled to the pressure-applying surface.

32. The method according to claim 31, wherein gaps between adjacent windings of the spiral

heating element decrease from a center of the spiral toward an outside of the spiral.

33. The method according to claim 28, wherein the pressure-applying surface is made of a

material having a hardness of less than 90 Shore A.

34. The method according to claim 33, wherein the pressure-applying surface is made of a

material having a hardness of between 20 and 85 Shore A.

35. A method comprising:
adhering a first lens to a second lens such as to form a combined lens having a given
optical design, the adhering comprising:
placing the first lens and the second lens in respective first and second pressure
chambers, with an adhesive layer disposed between the first lens and the second lens,
pressure within each of the first and second pressure chambers being independently
controllable;
bringing a convex surface of the first lens into contact with the adhesive layer,
such that a central region of the convex surface of the first lens initially contacts the
adhesive layer, and contact between the convex surface of the first lens and the adhesive
layer subsequently radiates outwardly from the central region of the convex surface of the
first lens, until the convex surface of the first lens becomes covered by the adhesive layer;
and
bringing a concave surface of the second lens into contact with the adhesive layer,
such that a central region of the concave surface of the second lens initially contacts the
adhesive layer, and contact between the concave surface of the second lens and the
adhesive layer subsequently radiates outwardly from the central region of the concave
surface of the second lens, until the concave surface of the second lens becomes covered

by the adhesive layer.

36. The method according to claim 35, wherein the adhering further comprises reducing
pressure within the first pressure chamber to below ambient pressure while bringing the convex

surface of the first lens into contact with the adhesive layer.
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37. The method according to claim 35, wherein the adhering further comprises reducing
pressure within the second pressure chamber to below ambient pressure while bringing the

concave surface of the second lens into contact with the adhesive layer.

38. The method according to claim 35, wherein bringing the convex surface of the first lens
into contact with the adhesive layer, such that the central region of the convex surface of the first
lens first contacts the adhesive layer comprises causing the adhesive layer to form a convex curve
that faces toward the convex surface of the first lens by applying a pressure difference between

the first and second pressure chambers.

39. The method according to claim 35, wherein bringing the concave surface of the second
lens into contact with the adhesive layer such that the central region of the concave surface of the
second lens first contacts the adhesive layer comprises, subsequent to the convex surface of the
first lens being covered with the adhesive layer, moving the first lens and the adhesive layer and
the second lens toward each other, such that the central region of the convex surface of the first
lens with the adhesive layer disposed thereon contacts the central region of the concave surface
of the second lens, wherein a curvature of the convex surface of the first lens is greater than a

curvature of the concave surface of the second lens.

40. The method according to claim 35, further comprising removing any air bubbles that
become trapped between the first lens and the adhesive layer using at least one technique selected
from the group consisting of: applying air pressure, applying mechanical pressure, autoclaving,

and any combination thereof.

41. The method according to claim 35, further comprising removing any air bubbles that
become trapped between the second lens and the adhesive layer using at least one technique
selected from the group consisting of: applying air pressure, applying mechanical pressure,

autoclaving, and any combination thereof.

42. The method according to claim 35, further comprising removing any vacant volumes that
are located between the first lens and the adhesive layer using at least one technique selected from
the group consisting of: applying air pressure, applying mechanical pressure, and any

combination thereof.

43. The method according to claim 35, further comprising removing any vacant volumes that
are located between the second lens and the adhesive layer using at least one technique selected
from the group consisting of: applying air pressure, applying mechanical pressure, and any

combination thereof.

43



10

15

20

25

30

WO 2021/198822 PCT/1IB2021/052164

44, The method according to any one of claims 35-43, wherein a thickness of the adhesive

layer is between 20 and 300 microns.

45. The method according to claim 44, wherein the thickness of the adhesive layer is between
50 and 200 microns.
46. The method according to any one of claims 35-43, further comprising, at one or more

stages during the adhering, heating at least one element selected from the group consisting of: the
base lens, the additional lens, the adhesive layer, the first pressure chamber, the second pressure

chamber, and any combination thereof.

47. The method according to claim 46, wherein heating the at least one element comprises

heating the at least one element to a temperature of between 25 and 75 degrees Celsius.

48. The method according to claim 46, wherein heating the at least one element comprises

heating the at least one element for a time period of 0.1 seconds to 1 hour.

49. Apparatus for adhering a first lens having at least one convex surface to a second lens
having at least one concave surface, such as to form a combined lens having a given optical
design, the apparatus comprising:

a first pressure chamber configured to house the first lens, and second pressure chamber
configured to house the second lens, pressure within each of the first and second pressure
chambers being independently controllable;

an adhesive layer disposed between the first and second pressure chambers;

one or more mechanical pushing elements; and

a computer processor configured:

to drive one of the mechanical pushing elements to bring the convex surface of the
first lens into contact with the adhesive layer, such that a central region of the convex
surface of the first lens initially contacts the adhesive layer, and contact between the
convex surface of the first lens and the adhesive layer subsequently radiates outwardly
from the central region of the convex surface of the first lens, until the convex surface of
the first lens becomes covered by the adhesive layer; and

to drive one of the mechanical pushing elements to bring the concave surface of
the second lens into contact with the adhesive layer, such that a central region of the
concave surface of the second lens initially contacts the adhesive layer, and contact
between the concave surface of the second lens and the adhesive layer subsequently
radiates outwardly from the central region of the concave surface of the second lens, until

the concave surface of the second lens becomes covered by the adhesive layer.
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50. The apparatus according to claim 49, wherein the computer processor is configured to
reduce the pressure within the first pressure chamber to below ambient pressure while driving
one of the mechanical pushing elements to bring the convex surface of the first lens into contact

with the adhesive layer.

51. The apparatus according to claim 49, wherein the computer processor is configured to
reduce the pressure within the second pressure chamber to below ambient pressure while driving
one of the mechanical pushing elements to bring the concave surface of the second lens into

contact with the adhesive layer.

52. The apparatus according to claim 49, wherein the computer processor is configured to
cause the adhesive layer to form a convex curve that faces toward the convex surface of the first

lens by applying a pressure difference between the first and second pressure chambers.

53. The apparatus according to claim 49, wherein the apparatus is for use with a first lens and
a second lens that are shaped such that a curvature of the convex surface of the first lens is greater
than a curvature of the concave surface of the second lens, and wherein the computer processor
is configured, subsequent to the convex surface of the first lens being covered with the adhesive
layer, to move the first lens and the adhesive layer and the second lens toward each other, such
that the central region of the convex surface of the first lens with the adhesive layer disposed

thereon contacts the central region of the concave surface of the second lens.

54. The apparatus according to claim 49, wherein the computer processor is configured to
remove any air bubbles that become trapped between the first lens and the adhesive layer and any
vacant volumes that are disposed between the first lens and the adhesive layer, by applying air

pressure within the first pressure chamber.

55. The apparatus according to claim 49, wherein the computer processor is configured to
remove any air bubbles that become trapped between the second lens and the adhesive layer and
any vacant volumes that are disposed between the second lens and the adhesive layer, by applying

air pressure within the first pressure chamber.

56. The apparatus according to claim 49, wherein the one or more mechanical pushing
elements are configured to remove any air bubbles that become trapped between the first lens and
the adhesive layer and any vacant volumes that are disposed between the first lens and the

adhesive layer, by applying mechanical pressure.

57. The apparatus according to claim 49, wherein the one or more mechanical pushing

elements are configured to remove any air bubbles that become trapped between the second lens
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and the adhesive layer and any vacant volumes that are disposed between the second lens and the

adhesive layer, by applying mechanical pressure.

58. The apparatus according to claim 49, further comprising a heating and/or pressure
chamber that is configured to remove any air bubbles that become trapped between the additional
lens and the adhesive layer, any air bubbles that become trapped between the second lens and the
adhesive layer, any vacant volumes that are disposed between the first lens and the adhesive layer,

and any vacant volumes that are disposed between the second lens and the adhesive layer.

59. The apparatus according to any one of claims 49-58, wherein a thickness of the adhesive

layer is between 20 and 300 microns.

60. The apparatus according to claim 59, wherein the thickness of the adhesive layer is

between 50 and 200 microns.

61. The apparatus according to any one of claims 49-58, further comprising a heating
component that is configured, at one or more stages during the adhering, to heat at least one
element selected from the group consisting of: the base lens, the additional lens, the adhesive

layer, the first pressure chamber, the second pressure chamber, and any combination thereof.

62. The apparatus according to claim 61, wherein the heating component is configured to heat

the at least one element to a temperature of between 25 and 75 degrees Celsius.

63. The apparatus according to claim 61, wherein the heating component is configured to heat

the at least one element for a time period of 0.1 seconds to 1 hour.

64. The apparatus according to any one of claims 49-58, wherein at least one of the

mechanical pushing elements is made of a material having a hardness of less than 90 Shore A.

65. The apparatus according to claim 64, wherein the at least one of the mechanical pushing

elements is made of a material having a hardness of between 20 and 85 Shore A.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-34

A method for use with a base eyeglasses lens, the method
comprising:forming an additional lens from an amorphous
viscoelastic material by heating the additional lens to a
temperature at which a Tan Delta of the amorphous
viscoelastic material is between 0.2 and 0.8.

2. claims: 35-65

A method comprising adhering a first lens to a second lens
such as to form a combined Tens having a given optical
design comprising bringing a convex surface of the first
lens into contact with the adhesive layer, such that a
central region of the convex surface of the first lens
initially contacts the adhesive layer, and contact between
the convex surface of the first lens and the adhesive layer

subsequently radiates outwardly from the central region of
the convex surface of the first lens.
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