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OPHTHALMIC LENSES AND METHODS FOR CORRECTING, SLOWING,
REDUCING, AND/OR CONTROLLING THE PROGRESSION OF MYOPIA

CROSS-REFERENCE TO RELATED APPLICATIONS
{60061} This disclosure claims priority to U.S. Provisional Application No. 62/868,348,
filed on June 28, 2019 and U.S. Provisional Apphication No. 62/896,920, filed September 6,
2019, This application 1s also related to Intemational Application No. PCT/AU2017/051173,
filed October 25, 2017, which claims priority to U.S. Provisional Application No.
62/412,507, filed on October 25, 2016. Each of these priority applications and related

applications are herein meorporated by reference in their entirety.

TECHNICAL FIELD
{66062} This disclosure relates to ophthalmic lenses and more particularly, to ophthalmic
lenses and methods for correcting, slowing, reducing, and/or controlling the progression of

myopia.

BACKGROUND
EEIRY The discussion of the background in this disclosure s mcluded to explain the
context of the disclosed embodiments. This is not to be taken as an admission that the
material referred to was published, known or part of the conunon general knowledge at the
prionty date of the embodiments and claims presented in this disclosure.
0004} Myopia, commonly referred to as shortsightedness, 1s a disorder of the eve that
results in distant objects focused in front of the wetina. Accordingly, the image on the retina is
not in focus and theretore, the image of the object is blurred. Optical correction strategies for
myopia have emploved using ophthalmic lenses to shift the image plane to the retina and
provide clear vision. However, these strategies do not slow eye growth and therefore myopia
continues to progress. There now exist a number of optical correction strategies that are
designed to slow or arrest or control the progression of myopia and these commoniy employ
myopic defocus, whilst attempting to simmuiltancously provide clear vision at the retina. These
strategies have been found to slow progression to a certain extent,
[O005] Considering a natural scene imaged by the eve, the scene comprises clements that
are in~focus as well as clements that are in myopic as well as hyperopic defocus. The extent

and magnitade of such in-focus and cut-of-focus elements vary from scene-to-scene.
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Therefore, in the eve, regions of the retina are exposed to competing optical signals ansing
from the m-focus and out-of-focus images. The out-of-focus images are hikely to be both in
hyvperopic as well as myopic defocus. Such competing focus/defocus signals may be
mfluential to guide the eve to emmetropisation - as in animal models, introduction of just
myopic or hyperopic defocus disrupts emmetropisation. Stmilarly. correcting a myopic eve
with a device with an uniform power does not slow eve growth. Therefore, incorporation of
clements that direct or shift ight to multiple planes may result in competing signals at the
retina and may provide cues to slow and/or arrest the growth of the eve.

HEEEY! Accordingly, there is a need to provide competing defocus signals at the retina by
directing light to be shifted to multiple planes and theretore provide a slow and/or stop signal
for eyve growth. The present disclosure 1s directed to solving these and other problems
disclosed herein. The present disclosure i3 also directed to pointing out ong or more

advantages o using exemplary ophthalmic lenses and methods described herein.

SUMMARY
{0607} The present disclosure 1s directed to overcoming and/or ameliorating one or more
of the problems described herein.
[3008] The present disclosure 1s directed, at least in part, to ophthalmic lenses and/or
methods for correcting, slowing, reducing, and/or controlling the progression of myopia.
HEEL The present disclosure is directed, at least i part, to ophthalmic lenses and/or
methods for utilizing a plurality of light modulating cells for correcting, slowmng, reducing,
and/or controlling the progression of eye growth by directing or shifting light to multiple
planes.
[6010] The present disclosure 1s directed, at least m part, to ophthalmic lenses and/or
methods that direct mcident Hight to be directed to more than one image plane {¢.2., 2 or more
mmage planes or 3 or more image planes).
[6611] The present disclosure is directed, at least in part, 1o ophthalmic lenses and/or
methods that utilize a plurality of ight modulating cells and the base lens to direct incident
hight at more than one 1mage plane {¢.g., 2 or more image planes or 3 or more image planes).
{6612} The present disclosure 1s directed, at least in part, to an ophthalmic leng
corprnsing a base lens; and a plurality of light modulating cells wherein, the base lens directs
light to a first image plane and at least one or more of the plurality of light modulating cells

direct hight to a second image plane (e.g., one or more second image planes).
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[8013] The present disclosure 1s directed, at least in part, to an ophthalmic leng
corprnsing a base lens; and a plurality of light moodulating cells wherein, the base lens directs
light to a first image plane and at least one or more of the plurality of light modulating cells
direct hight to a second image plane (¢.g., one or more second image planes) that is anterior
relative to first image plane.

[0614] The present disclosure is directed, at least m part, to an ophthalmic lens
comprising a base lens; and a plurality of light modulating cells wherein, the base lens directs
hight to a first image plane and at least one or more of the plurality of light modulating cells
direct light to a second image plane {(¢.g., one or more second image planes) that 1s posterior
relative to first image plane.

[6015] The present disclosure 1s directed, at least in part, to an ophthalmic lens with a
base lens; and a plurality of hight modulating cells wherein, the base lens directs lightto a
first image plane and at least onc or more of the plurality of ight modulating cells direct light
to a second image plane (e.g., one or more second 1mage plancs) and at least one or more of
the plurality of light modulating cells direct hight to a third image plave {e.g., one or more
third image planes).

[0016] The present disclosure 1s directed, at least in part, to an ophthalmic lens with a
base lens; and a plurality of hight modulating cells wherein, the base lens directs light to a
first image plane and at least one or more of the plurabity of hght modulating cells direct light
1o a second 1image plane {¢.g., one or more second image planes) that is anterior relative to
first image plane and at least one or more of the plurality of light modulating cells divect light
to a third image plane (e.g., one or more third tmage planes) that is more anterior relative to
the first and second image planes.

[6017] The present disclosure 1s directed, at least in part, to an ophthalmic lens with a
base lens; and a plurality of hight modulating cells wherein, the base lens divects light to a
first image plane and at least one or more of the plurabity of hght modulating cells direct light
to a second 1mage plane {¢.g., one or more second image planes) that is anterior relative to
first image plane and at least one or more of the plurality of light modulating cells direct light
to a third image plane (e.g., one or more third image planes) that is posterior relative to first
image plane.

[6018] The present disclosure 1s directed, at least in part, to an ophthalmic lens with a
base lens; and a plurality of hight modulating cells wherein, the base lens directs hight to two

or more image plancs and the plarality of light modulating cells direct lght to one or more
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mmage planes {e.g., one or more image planes different from the two or more tmage planes
associated with the basc fens).

019} The present disclosure 15 directed, at least i part, to an ophthalmic lens
comprising a base lens with a first power; and a plurality of hight modulating cells whergin,
one or more of the light modulating cells are myopic relative to the first power and one or
more of the light modulating cells arc hyperopic relative to the first power.

{8624} The present disclosure 1s directed, at least m part, to an ophthalmic lens
comprising a base lens with a first power and a second power; and a phurality of light
modulating cells located on the base lens with the second power wherein, the one or more of
the hight modulating cells are mvopic relative to the first and second power and one or more
of the hight modulating cells are hyperopic relative to the first and second power.

[6621] The present disclosure is directed, at keast m part, to an ophthalmic lens
comprising a basc lens with a first power; a plurality of light modulating cells located on the
base lens with a second power, and an envelope zone surrounding the plurality of light
modulating cells with a third power wherein, the one or more of the light modulating cells are
myopic relative to the first and third power and one or more of the light modulating cells are
bvperopie relative to the first and third power.

06022} The present disclosure 1s directed, at least in part, to an ophthalmic lens
comprising a base lens with a first power; and a plurality of hght modulating cells whersin
one or more of the plurality of light modulating cells has a second power and at least onc or
more of the plurality of light modulating cells has a third power, wherein the portion of the
ophthalmic lens with the first power directs incident light to a first image plane and the light
modulating cells with the second power direct light to a second image plane that is
myopically defocused relative to the first image plane and the light modulating cells with the
third power direct hight a third image plane that is hvperopically defocused relative to the first
mmage plane.

[6023] The present disclosure is directed, at keast m part, to an ophthalmic lens
comprising a base lens with a fivst power; and a plurality of light modulating cells wherein
one or more of the plurality of hight moduldating cells have a second power, third powerand a
fourth power, wherein the portion of the ophthalmic fens with the first power directs incident
light to a first image planc and the light modulating cells with the second power and third

power direct light a second and third image plane that is myopically defocused relative to the

A
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first image planc and the light modulating cells with the fourth power direct light to a fourth
wmage plane that is hyperopically defocused relative to the first image plane.

(3024} The present disclosure 15 directed, at least i part, to an ophthalmic lens
comprising a base lens with a first power; and a plurality of hght modulating cells whersin
one of more of the plurality of light modulating cells have a second power, third power and a
fourth power, wherein the portion of the ophthalmic lens with the first power directs incident
light to a first image plane and the light modulating cells with the second power direct light to
a second image plane that 1s myopically defocused relative to the first timage plane and the
hight modulating cells with the third and fourth power direct light to a third and fourth image
plane that is hyperopically defocused relative to the first image plane.

[6025] The present disclosure 1s directed, at least in part, to an ophthalmic fens for an eye
with a refractive error comprising a base lens with a first power; and a plurality of light
modulating celis wherein one or more of the plurality of light modulating cells has a second
power and at least one or more of the plurality of light modulating cells has a third power,
wherein the portion of the ophthalmic lens with the first power directs incident light to a first
mmage plane to correct for the refractive error of the eye and the ight medulating cells with
the second power direct light to a second image plane that i1s myopically defocused relative to
the first image plane and the hight modulating cells with the third power direct light to a third
mmage plane that 1 hyperopically defocused relative to the first image plane.

[06626] The present disclosure is directed, at least in part, to an ophthalmic lens for an eye
with a refractive error comprising a base lens and a plurality of light modulating cells; the
base lens comprises a central and peripheral optical zone with the power of the peripheral
optical zone being more positive than the central optical zone; wherein one or more of the
light modulating cells located on the peripheral optical zone have a power that is more
posttive than the peripheral optical zone power and one or more of the light modulating celis
located on the peripheral optical zone have a power that is more negative than the peripheral
optical zone power,

{8627} The present disclosure 1s directed, at least m part, to ophthalmic lenses/and/or
methods that utilize one or more multifocal light modulating cells to direct incident hight at
more than one image plane.

[6028] The present disclosure 1s directed, at feast m part, to an ophthalmic lens

comprising a base lens; and one or more multifocal light modulating cells wherein, the base
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lens directs light to a first image plane and the one or more of the multifocal light modulating
cells direct light to at least a second and a third image plance.

{029} The present disclosure 15 directed, at least i part, to an ophthalmic lens
comprising a base lens; and one or more multifocal light modulating cells wherein, the base
lens compnses a first power and a portion of the one or more muitifocal light modulating
cells comprise at least a second power and a portion of the one or more multifocal hight
modulating cells comprise at least a third power.

18030} The present disclosure 1s directed, at least in part, to an ophthalmic leng
comprising a base lens with ong or more powers; and a plurality of light modulating cells
wherein, one or more of the light modulating cells are multifocal hight modulating cells (ie.,
they have more than one focal length).

{06031} The present disclosure is directed, at keast m part, to an ophthalmic lens
comprising a basc lens with a first focal length; and a plurality of multifocal light modulating
cells wherein a first portion of the one or more multifocal hight modulating cells have a
second focal length and a second portion of the one or more multifocal light modulating cells
have a third focal length.

[6032] The present disclosure 1s directed, at feast m part, to an ophthalmic lens
comprising a base lens with a first focal power; and a plurality of multifocal light modulating
cells wherein a portion of the multifocal light modulating cells divects light that is anterior
relative to the first power and another portion of the multifocal hight modulating cells directs
light that is posterior relative to the first power.

[80633] The present disclosure 1s directed, at least in part, to an ophthalmic leng
comprising a base lens with ong or more powers; and a plurality of light modulating cells
wherein one or more of the Hight modulating cells are substantially unitorm in power and one
or more of the multifocal light modulating cells have variable power.

6034} The present disclosure 1s directed, at least in part, to an ophthalmic lens
comprising a base lens with a first power; and a plurality of ght modulating cells wherein,
one or more of the light modulating cells {¢.g., multifocal hght modulating cells) has a

variable power that 1s a graduated power, or a progressive power {e.g.

Pl

the hight modulating
cells have more than one focal length wherein the multiple focal lengths gradually transitions
or varics from a focal length to another focal length; or the focal length varies across one of

more regions of a light modulating cell).
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[8035] The present disclosure 1s directed, at least in part, to an ophthalmic leng
coraprsing a base lens with a first power; and a plurality of hght modulating cells wherein
the power of one or more of the light modulating cells (e.g., multifocal light modulating cells)
comprises astigmatic power {for example, may have one or more cyvlindrical or toric surfaces
to provide different powers along different axes or meridians).

{06636] The present disclosure is directed, at least m part, to an ophthalmic lens
comprising a base lens with a fivst power; and a plurality of light modulating cells wherein
the power of one or more of the light modulating cells (e.g., multifocal light modulating celis)
comprises one Of more astigmatic powers, whereby the axes {or meridians) of the one or
more astigmatic powers may be aligned radially, and/or circumferentially, and/or vertically,
and/or horizontally, and/or obliquely, and/or in a random or quazi-random, and/or pseudo-
random arrangement.

{6637] The present disclosure is directed, at least m part, to an ophthalmic lens
comprising a base lens with a fivst power; and a plurality of light modulating cells wherein
the power of one or more of the Hight modalating cella{e g, multifocal ight modulating cells)
comprises one of more combinations of a higher-order aberration (e .g. spherical aberration,
coma, trefoil, quadritoil, higher-order astigmatism, cte.).

{3038} The present disclosure 1s directed, at least in part, to an ophthalmic lens
comprising a base lens with a first power; and a plurality of hght modulating cells whersin
the power of one or more of the light maodulating cells {e.g., multifocal light modulating ceils)
comprises one or more combinations of a higher-order aberration, whereby the axes or
meridians of one or more non-rotationally symmetrical higher-order aberrations {¢.g. coma,
trefoil) may be aligned radially, and/or circumnferentially, and/or vertically, and/or
horizontally, and/or obliguely, and/or in a random or quazi-random, and/or pscudo-random
arrangement.

6039} The present disclosure 1s directed, at least in part, to an ophthalmic lens
comprising a base lens with a first focal power, and a plurality of light modulating cells
wherein one or more of the light modulating cells have a focal power that 1s mvopic relative
to the first power and one or more light modulating cells have a focal power that is hyperopic
relative to the first power.

[0040] The present disclosure 1s directed, at feast m part, to an ophthalmic lens
comprising a base lens with a first focal power, and a plurality of light modulating cells

wherein one or more of the Hight modalating cclls have a focal power that is either myopic or
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hyperopie relative to the first power and one or more of the light modulating cells are
multifocal light modulating cells that have a vanable power relative to the first power.

041} The present disclosure 15 directed, at least i part, to an ophthalmic lens
comprising a base lens with a first power, one or more hight modulating cells with power that
1s myopic relative to first power; and onc or more light modulating cells with power that is
hyperopic relative to first power, wherein the base lens with first power directs incident hight
to focus at a first image plane, the one or more light modulating cells with power that is more
myopic relative to first power direct light to one or more image planes that are hyperopically
defocused relative to first image plane and one or more light modulating cells with power that
1s more hyperopic relative to first power that divect light to onc or more image planes that are
myopically defocused relative to first image plane.

[6042] The present disclosure is directed, at keast m part, to an ophthalmic lens
comprising a base lens with a first power, one or more light modulating cclls with power that
18 myopic relative to the first power; one or more light modulating cells with power that is
hyperopie relative to the first power, and one or more maltifocal light modudating cells with a
variable power, wherein the base lons with first power directs incident ight o a first image
plane, the one or more light modulating cells with power that is more myopic relative to first
power direct light to one or more image planes that are hvperopically defocused relative to
first image plane, the one or more light modulating cells with power that 1s more hyperopic
relative to first power that direct light to one or more image planes that are mvopically
defocused relative to first image plane, and the one or more multifocal light modulating cells
direct light to one or more image planes.

{0043} The present disclosure 1s directed, at least in part, to an ophthalmic lens to correct
the refractive error of an eve comprising a base lens with a first power, one or more Jight
modulating cells with power that 1s myopic relative to the first power; one or more light
modulating cells with power that 1s hyperopic relative to the first power, and one or more
multifocal light modulating cells with a variable power, wherein the base lens with first
power directs incident light to a first image plane to correct for the refractive error of the eve,
the one or more light modulating cells with power that 13 more myopic relative to first power
direct light to one or more image planes that are hyperopically defocused relative to first
image plane, the one or more light modulating cells with power that 15 more hyperopic

relative to first power that direct light to one or more image planes that are mvopically
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defocused relative to first image plane, and the one or more multifocal light modulating cells
direct light to one or more image plancs.

(044} The present disclosure 15 directed, at least i part, to an ophthalmic lens
comprising a base lens with two or more meridians comprising two or more meridional
powers, ong or more hight modulating cells with power that 1s myopic relative to the one
menidional power; one or more light modulating celis with power that 1s hyperopic relative to
the one meridional power, wherein the base lens with two or more mendional powers directs
meident Light to the two or more meridional planes, the one or more light modulating cells
with power that is more myopic relative to first power direct light to focus at an image plane
that 1s hyperopically defocused relative to the one mendional plane, the one or more light
modulating cells with power that 1s more hyperopic relative to first power that directs light to
an image plane that 1s myopically defocused relative to the one meridional plane.

[06045] The present disclosure is directed, at least i part, to ophthalmic lenses and/or
methods that utilize a base lens and one or more light modulating cells that (individually
and/or collectively) result in a through focus hight distribution that 1s spread across more than
one image plane {e.g., 2 or more 1mage planes or 3 or more image planes, 2 or more image
planes or 3 or morc tmage plancs, 4 or more image planes or 5 or more 1mage planes, 6 or
more image plancs or 7 or more image planes, 8 or more image planes or 9 or more image
planes, 10 or more image planes).

[0046] The present disclosure is directed, at least i part, to ophthalmic lenses and/or
methods that utilize a base lens and one or more light modulating cells that (individually
and/or collectively) result in a through focus hght distribution that results in an extended
depth of focus.

[6047] The present disclosure 1s directed, at least m part, to ophthalmic lenses and/or
methods that utilize a base lens and a plurality of light modulating cells in one or more zones
on the base lens, wherein the size, cell-to-cell spacing, sagittal height, curvature, power and
geometrical fill factor of the one or more light modulating cells on the base lons results for
light transmitted through the one or more light modulating cell zone, a through focus light
distribution of meident ight wherein a proportion of the light is directed to the image plane,
a proportion of light is in myopic defocus relative 1o the image plane and a proportion of hight
is in hyperopic defocus relative to the image plane.

(048] The present disclosure 15 directed, at least i part, to ophthalmic fenses and/or

methods that utilize a base lens and a plurality of light modulating cells that (individually
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and/or collectively) in one or more zones on the base lens, to result for hight transmitted
through the one or more light modulating cell zone, a through focus light distribution that is
directed to the image plane, anterior to the image plane and/or posterior o the image plane.
[3049] The present disclosure 1s directed, at least in part, to ophthalmic lenses and/or
methods that utilize a base lens and a plurality of light moduiating cells in one or more zones
on the base lens that are relatively more positive than the base lens to result for light
transmitted through the one or more light modulating cell zone, a through focus light
distribution that is directed to the image plane, anterior to the image plane and/or posterior to
the image plane.

050} The present disclosure 15 directed, at least i part, to ophthalmic fenses and/or
methods that utilize a base lens and a plurality of light modulating cells that are relatively
more positive than the base lens in one or more zones on the base lens to result for light
transmitted through the onc or more light modulating cell zone, a through focus hight
distribution that 1s divected to the image plane and one or more planes anterior to the image
plane.

{6651} The present disclosure 1s directed, at least in part, to ophthalmic lenses and/or
methods that utilize a base lens and a plurality of light modulating cells that are relatively
more negative than the base lens to result in a through focus light distribution that is directed
to the image plane, anterior to the image plane and posterior to the image plane.

[06652] The present disclosure is directed, at least i part, to ophthalmic lenses and/or
methods that utilize a base lens and a plurality of light modulating cells that are relatively
more negative than the base lens that (individually and/or collectively)result in a through
focus light distribution that is directed to the image plane and one or more plangs posterior to
the image plane.

053] {Other features and advantages of the subject matter described herein will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
8054} Aspects of the embodiments described herein may be understood from the
following detailed description when read with the accompanying figures.
{O055] FIG. 1 is a schematic of a single vision ophthalmic lens and an eye corrected with

the spectacie lens.
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[8056] FIG. 2 13 a schematic of an exemplary ophthalmic lens with a base lens and light
maodulating cells incorporated on the lens and an eve corrected with the ophthalmic lens in
accordance with some embodiments descrnibed herem.

[B057] FIG 3 15 a schematic of examples of power profiles of a ight modulating cell.
[6058] FI(G 4 15 a schematic of examples of surface profiles of a light modulating cell.
{06659] FIG 5 15 a schematic of examples of a light modulated cell that phase modulates
hight

{0061} FIG 6 1s a schematic of possible distribution of kght moduldating cells across the
various zones of the ophthalmic lens.

(061 FIG 7 15 a table iHustrating the geometrical fill factors for examples of light
modulated cells on the ophthalmic lens and the resoltant through focus light distribution that
1s in myopic defocus and in hyperopic defocus.

10662} FIG 8 1s the through focus light distribution for light incident on an ophthalmic
lens comprising a plurality of light modulating cells and demonstrates the proportion of light
i focus at the image plane, in front of or antenior (o the 1mage plane and behind or posterior
to the image plane.

[6063] FIG 9 illustrates a power map of an ophthalmic lens with plano powered base lens
and +3 50D Light modulating cells.

j3064] FIG 10 13 a resultant through focus light distnbution for light incident on an
ophthalmic lens comprising a plurality of light modulating cells with a geometrical fill factor
where 75% of light 1s directed to the image planc and about 25% of the light is directed to the
plane anterior to the image plane (myopic defocus).

{0065] FIG 11 is an embodiment of a through focus light distribution of an ophthalmic
lens comprising a plurality of light modulating cells hight wherein the geometric fill factor is
designed to provide an asymumetric amplitude of light focus across planes anterior to and
posterior to the mmage plane.

{(3066] FIG 12 illustrates a through focus light distribution of an ophthalmic lens
comprising a plurality of light modulating cclis wherein the band of light distribution across
planes anterior to and posterior to the image plane s considered in dioptric steps.

{8667} FIG 13 ilustrates a through focus light distribution of an ophthalmic lens
cormprising a plurality of light modulating cclls wherein the band of light distribution across
planes anterior to and posterior to the image plane 1s considered in discrete or discontinuous

dioptric steps.

-1~
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{06068} FIG 14 illustrates a dependent relationship of a light modulating cell with an
adjacent cell.

(3069} FIG 15, 1s a table listing the specifications of light modulating ceils for examples
1-13

10670] FIG. 16 is a power map of an excmplary ophthalmic lens for a myopic eye in
accordance with some embodiments described herein (Examaple 1),

{6671} FIG. 17 18 a power map of an exemplary ophthalmic lens for amvopic eye in
accordance with some embodiments described herein (Example 2},

{6872} FIG. 18 is a power map of an exemplary ophthalmic lens for a myopic eye in
accordance with some embodiments descrnibed herem (Example 3},

{8073} FIG. 19 15 a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herein (Example 4},

{0074] FIG. 20 shows a power map of a -2.00 D mvopic lens with positive light
modulating cells (Jight modulating cell power of +0.50D) and the geometrical blur circles.
{6875} FIG. 21 shows a power map of a -2 .00 D myopic lens with negative light
modulating cells (light modulating cell power of +2.000) and the geomeitrical blur circles.
{8076} FIG. 22 1s a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herein (Example 5},

{8077} FIG. 23 15 a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herein (Examaple 6).

{0678] FIG. 24 15 a power map of an exemplary ophthalmic lens for amvopic eye in
accordance with some embodiments described herein (Example 7).

{6879} FIG. 25 is a power map of an exemplary ophthalmic lens for a myopic eye in
accordance with some embodiments described herein (Example 8).

[3080] FIG. 26 1s a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herein (Example 9},

10081} FIG. 27 is a power map of an excmplary ophthalmic lens for a myopic eye in
accordance with some embodiments described herein (Example 10).

{6082} FIG. 28 s a power map of an exemplary ophthalmic lens for a myopic eye in
accordance with some embodiments described herein (Example 113

{B083] FIG. 29 1s a power map of an exemplary ophthalmic lens for amyopic eye in

accordance with some embodiments described herein (Example 12).
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0084} FIG. 30 18 a schematic of an exemplary ophthalmic lens with both concave and
convex hght modulating cells on the front surface of the ophthalmic lens in accordance with
some embodiments described heremn (Example 13},

LEERRY FI(. 31 is a schematic of an exemplary ophthalmic lens with multifocal hight
modulating cells on the frout surface of the ophthalmic lens in accordance with some
embodiments described herein (Example 14).

{6686} FIG. 32 15 a schematic of an exemplary ophthalimic lens with multifocal light
modulating cells on the front surface of the ophthalmic lens 1n accordance with some
embodiments described herein (Example 15).

[B08T] FIG. 33 is a schematic of an exemplary ophthalmic lens with multifocal hght
modidating cells on the front surface of the ophthalmic lens in accordance with some
embodiments described herein (Example 16},

{0088] FIG. 34 is 3 schematic of an exemplary ophthalmic lens with both positive and
negative and multifocal light modulating cells on both the front and rear surface of the
ophthalmic lens in accordance with some embodiments descrnibed herein (Example 17},
{0089} FIG. 35 s a schematic of an exemplary ophthalmic lens with concave, convex and
multifocal light modulating cells embedded on the lens surface of the ophthalmic lens
accordance with some embodiments described herein.

3090} FI(3. 36 1s a schematic of an exemplary ophthalmic lens with concave, convex and
multtfocal light modulating cells embedded in the lens matrix of the ophthalmic lens in
accordance with some embodiments described herein.

{6691} FIG. 37 18 a magnified schematic of an exemplary ophthalmic lens with a
spectacle lens concave, and convex light modulating cells on the front surface of the
ophthalmic lens to illustrate hight directed through the spectacle lens to multiple planes at the
retina in accordance with some embodiments described herem.

6092} FI(s. 38 is a magnified schematic of an exemplary ophthalmic lens, a contact lens
with concave, and convex hight modulating cells on the front surface of the ophthalmic lens to
iHustrate light directed through the spectacle lens focused at multiple planes at the retina in
accordance with some embodiments described herein.

{6693} FIG. 39 is a power map of an cxemplary lens for a myopic eye 1 accordance with
some embodiments described herein.

(30694} FIG. 40 1s a power map of an exemplary lens for a mvopic eve 1n accordance with

some embodiments described herein.
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{8095} FIG. 41 s a power map of an exemplary lens for a myopic eye in accordance with
some embodiments described herein.

(096} FIG. 42 1s an illustration of an ophthalmic lens comprising light modulating cells
wherein the focal powers of the light modulating cell s selected to place the corresponding
focal plane in the vicinity of an entrance pupil of an eye.

{0097] FIG. 43 is 3 schematic of an exemplary lens for a myopic eye in accordance with
some embodiments described herein.

8098} FIG. 44 18 a schematic of an exemplary lens for a myopic eye in accordance with
some embodiments described herein.

[3099] FIG. 45 1s a schematic of an exemplary lens for a myopic eve in accordance with

some embodiments described herein.

DETAILED DESCRIPTION
{06108 ¢ following disclosure provides many different embodiments, or examples, for
mplementing different features of the provided subject matier. Specific examples of
compeonents and arrangements are described below to simplify the present disclosure. These
arc, of course, merelv cxamples and are not imtended to be limiting. In addition, the present
disclosure may repeat reference numerals and/or letters in the various examples. This
repetition is for the purpose of simplicity and clarity and does not in itself dictate a
relationship between the various embodiments and/or configurations discussed.
{86181}  The subject headings used in the detailed description are included for the case of
reference of the reader and should not be used to limit the subject matter found throughout
the disclosure or the claims. The subject headings should not be used in constraing the scope
of the claims or the claim Limitations.
[86162]  The terms “about” as used m this disclosure is to be understood to be
mterchangeable with the term approximate or approximately.
106103]  The term “comprise” and its dervatives {¢.g., comprises, comprsing) as used in
this disclosure 1s to be taken to be inclusive of features to whach it refers, and is not meant to
exclude the presence of additional features anless otherwise stated or implied.
{06184} The term “myopia” or “myopic” as used i this disclosure is intended to refer to
an eve that is already myopic, 15 pre myopic, or has a refractive condition that is progressing

towards myopia.
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[86185]  The term “stop signal” as used in this disclosure refers to an optical signal that
may facilitate slowing, arresting, retarding, inhibiting, or controlling the growth of an eve
and/or refractive condition of the eve.

[881066]  The term “ophthalmic lens” as used in this disclosure 1s intended to comprise ong
or more of a spectacle lens or a contact lens. In some embodiments, the ophthalmic lens may
comprise a base lens. I may also comprise one or more of a film or a sheet or a coating
designed to be attached to or adhered to or to be used in conjunction with the base lens.
[86187]  The term “spectacle lens™ as used in this disclosure is intended to mclade a lens
blank, a semi-finished, a finished or substantially finished spectacle lens.

{00108}  The term “hight modulating ccll” as used m this disclosure refers to a refractive or
diffractive or a combination of refractive and diffractive optical element {e.g., a lenslet, a
refractive lens, or Fresunel-type lens, or diffractive echelettes, diffraction grating, diffractive
annuli, or a phasc-modifving mask such as an amplitude mask, binary amplitude mask,
phase-mask, or kinoform, or binary phasc-mask, or phase-modifying surfaces such as meta-
surface or nanostructures) that may be (or may be shaped as}): a circle, oval, senmi-circular,
hexagonal, square, cylindrical or other suitable shape. The light modulating cell may be
spherical, aspherical, multitocal or prismatic and the light modulating ccll may range in
diameter from about 20 microns to abowut 3 mm (¢.g., about 20 microns, 50 microns, 73
microns, 100 microns, 200 microns, 250 microns, 300 microns, 400 microns, 500 microns,
600 microns, 700 nucrons, 750 microns, 300 microns, 900 nucrons, I mm, 1 Smm, 2mm,
2.5mm, and/or 3mm). The light modulating cell may have zero or no power, may be positive
i power or negative i power and/or may have a plurality of powers. The light modulating
cell may have a focal length or may have one or more focal lengths. The shape (or surface
protile) of the light modulating cell may be convex, plano {¢.g., flat or substantially flat),
concave or maybe a combination of suitable shapes. The light modulating cell may have
lower-order aberration (astigmatism). The hght modulating cell may have axes of
astigmatism aligned vertically, horizontally, obliquely, radially. circumferentially, and/or in
random, quazi-random and/or pseudo-random arrangements. The light modulating cell may
have one or combinations of more than one higher-order aberrations such as spherical
aberrations, coma, trefoil, tetrafoil, etc. The Eght modulating cell may have axes or meridians
of non-rotational bigher-order aberrations {e.g. coma, trefoil, tetrafoil) aligned vertically,
horizontally, obliquely, radially, circumferentially, and/or in random, quazi-random and/or

peeudo-random arrangements. A light modulating cell may be composed of the same material
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{¢.g., has the same refractive mdex} as the substrate of the ophthalmic lens, e g, the base lens
or may vary n material and/or refractive index relative to the substrate of the ophthalmic
lens. A hight modulating celi may be generated by a laser, for example, a femiosecond laser in
a subtractive or localized lens material change process. A phurality of light modulating cclls
may be formed in conjunction with a mask to increase the efficiency of producing the light
modulating cells. A light modulating cell may be formed or attached on either or both of the
front or the rear surface of the base lens or embedded or interlavered in the base lens or could
comprise a combination thereof (for example, one or more light modulating cells embedded
in the base lens and one or more formed on one or more surfaces). A light modulating cell
may be formed as part of a coating of a lens surface or transferred to the surface as part of a
lens manufacturing process, for example, a molding process. A light modulating cell may be
aberrated; for example, aspheric surfaces may be used in portions or entirety of a light
modulating cell to introduce power vanation, for example, spherical aberration or other
suitable optical aberrations across the light modulating cell. The power of the light
modulating cell may be determined using established techniques and/or procedures used to
measure refractive power or may be caloulated based on either refractive index, thickngss,
curvatures of the materials used or a combination thercof or calculated using other suitable
material properties.

[86109]  The term “multifocal” light modudating cell as used in this disclosure refersto a
fight modulating cell that has a plurality of focal lengths and/or powers. It may also refertoa
light modulating cell that 1s cylindnical or astigmatic or toric. In some embodiments, a
multifocal hight modulating cell may be referred to as a light modulating cell with vanable
power.

{66116} FIG. 1 1s a schematic of a single vision ophthalmic lens and a myopic eye
corrected with the spectacle lens. As illustrated. the ophthalmic lens (¢.2., a spectacle lens} is
placed in front an eye to affect the vision of the eye. In FIG. 1, the ophthalmic lens 1 (Iaisa
side view and 1b is a front view} has an approximately uniform power and, as can be
observed by the side view of the lens 1, light passing through the ophthalmiclens 1 {e.g., a
spectacle lens) comes to focus in a single image plane at or near the fovea of the eve.

86111} Considering the image of a natural scene at the eve, the scene typically comprises
clements that arc in-focus as well as clements that are in myopic and hyperopic defocus. The
extent and magnitude of such in-focus and out-of-focus clements vary from scene-to-scene.

Therefore, in the eye, regions or portions of the retina may be exposed to competing optical

-16-
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signals ansing from the in-focus and out-of-focus images. The out-of-focus images are likely
to be both in hyperopic as well as myopic defocus. Such competing focus/defocus signals
may be mfluential to guide the eye to emmetropisation — as in animal models, mtroduction of
either myopic or hyperopic defocus may disrapt emmetropisation. Similarly, correcting a
myopic eye with a device with an ophthalmic lens of uniform power may not slow eve
growth. Therefore, incorporation of clements that direct light to multiple planes may result in

competing signals at the retina and may provide cues to slow and/or arrest the growth of the

(¢

ve.
{86112}  Accordingly, there is a need to provide competing defocus signals at the retina by
directing light to multiple planes and therefore provide a slow and/or stop signal for eve
growth. In some embodiments, it may be desirable to achieve these results by attenuating the
mitensity of the image m focus compared to the surround. In such a situation, ncident light
directed to multiple planes at the retina for some of the gaze directions of an eye when the
ophthalmic lens 18 10 use may be desirable.

[86113] Therefore, in some embodiments, the ophthalmic lenses and/or method described
herein may be capable of directing light to multiple planes for all or substantial percentage of
gazc directions of an cye when the ophthalmic lens is used by the eye of a person. In some
embodiments, a substantial percentage of gaze dirsctions of any eye may include at least
55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 95% or 99% of gaze positions of an eve when

the ophthalmic lens 15 used by the eve of a person.

Bage Lens of the Ophithalmic Lens

{86114} FIG. 2 is a schematic of an excmplary ophthalmic lens with a base lens and light
maodulating cells incorporated on the base lens and an eye corrected with the ophthalmic lens
m accordance with some embodiments described herein. In FIG. 2, an ophthalmic lens 2
{e.g.. a spectacle lens) (Za is 3 side view and 2b is a front view) comprises a phurality of light
modulating cells 2f formed on the surface of the lens or embedded in the lens. The
ophthalmic lens {¢.g., a spectacle lens) has three optical zones — a central optical zone 2¢; a
mid-peripheral optical zone 2d and a peripheral optical zone 2e.

{86115] In some embodiments, the base lens of the ophthalmic lens {¢ g , a spectacle lens)
may comprise one or more of these three zones. In some embodiments, the ophthalmic lens
may incorporate a sheet or a film or a coating that can be attached to or apphied to one or

more surfaces of a spectacle lens, or fitted to the front and/or rear surfaces of the base lens

17~



CA 03144870 2021-12-22

WO 2020/261213 PCT/1IB2020/056079

and/or embedded i the base lens. In some embodiments, the central optical zone of the
ophthalmic lens may be circular in shape and have a radius ranging from about 1.5 mm to 5
mm. In some embodiments , the central optical zone may be non-circular in shape. In some
embodiments, the optical zone may be oval or square shaped or any other suitable shape. In
some embodiments, the central optical zone may be offset from the central or optical axas of
the ophthalnic lens. In some cmbodiments, the mid-peripheral optical zone may be anoular
m shape or may have other suitable shape and have an mner radius of about 15 mm and an
outer radius of about 15 mm. In some embodiments, the peripheral optical zone may be
annular in shape or bave other suitable shape and have an inner radius of about 10 mum and an
outer radius of about 30 mm. In some embodiments, the substrate of the base lens may be
composed of a material that is transparent or at least substantially transparent. In some
embodiments, the base lens may be uniform in power across the lens or may vary in power
across the fens. In some embodiments, the peripheral optical zone of the base lens may he
more positive in power compared to the central and/or miud-peripheral optical zone. In some
embodiments, the peripheral and mid-peripheral optical zone of the base lens may be more
positive in power compared to the central optical zone. In some embodiments, the peripheral
optical zone of the base lens may be more negative in power compared to the central and/or
mid-peripheral optical zone. In some embodiments, the increase in positive power from
central to mid-peripheral and/or peripheral zone may be stepped or may gradually increase in
a monotonic or a non-monotonic mannet. In some embodiments, the increase i negative
power from central to mid-peripheral and/or peripheral zone may be stepped or may
gradually mercase in a monotonic or a non-monctonic manner. In some embodiments, the
change in power from ceuntral to peripheral zone may be across the entire {or substantially the
entire} base lens or may be applied to certain regions or quadrants or sections of the lens. In
some embodiments, the base lens of the ophthalmic lens may incorporate a filter or may
mcorporate a phase- modifying mask such as an amplitude mask. In some embodiments, the
filter may be applied across the eotire base lens or may be applied to select regions or
guadrants or sections of the lens. In some embodiments, the phase-modifying mask may be
applied across the entire base lens or may be applied to select regions or quadrants or sections

of the lens.
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Light Modulating Cells

{06116}  In some embodiments, the ophthalmic lenses and/or methods described herein
may be capable of directing light to multiple planes for all or a substantial percentage of gaze
directions of an eve when the ophthalmic lens is ased by the eve of a person by utilizing a
combination of a base lens and a plurality of hight modulating cells. The light modulating
cells may be present across the entire lens or in one or more zones (regions or areas ) of the
lens (referred to as hight modulating zones or treatment zones). In some embodiments, the
central zone of the ophthalmic lens may be devoid of ight modulating cells to enable clear
vision for e g., distance vision. In some embodiments, the ophthalmic lens may comprise a
base lens with one or more powers and a plurality of light modulating cells erther across the
entire lens or in one or more light modulating zones. In some embodiments, the ophthalmic
lens may comprise a base lens with one or more powers, a plurality of ight modulating cells
and an envelope zone surrounding the light modulating cells. In some other embodiments, the
ophthalmic lens may comprise a base lens with one or more powers, one or more concentric
rings or annular zones or at least a portion of a ring or annular zone or zones with one or
more powers and a plurality of light modulating cells. In some cmbodiments, the ophthalmic
lens may comprise a base lens with a phase-modifying mask and a plurality of hight
modudating cells in one or more light modulating zones.

{00117} In some embodiments, the plurality of light modalating cells may be regularly or
wrregularly placed on the base lens and may be separated from one another or abut or overlap
or overlay one another. The one or more of the light modulating cells may be positioned or
packed on the base lens of the ophthalmic leng either individually or may be packed m arrays
or arrangements, or in aggregates, stacks, clusters or other suitable packing arrangement {(also
referred to as goometrical arrangement). The individual light modulating cells or
arrangements, aggregates, arravs, stacks of clusters (including ¢.g., conjoined, contiguous
cells and/or cells that interact with or are otherwise dependent upon one ancther) may be
positioned on the base lens 10 a square, hexagonal, circolar, diamond, concentric, non-
concentric, spiral, incomplete loop, rotationally symmetrical, rotationally asymmetrical or
any other suitable arrangement {¢.g., a repeating pattern corresponding to a sguare, hexagonal
or any other suitable arrangement or any non-repeating or random arrapgement} and may be
centercd around the geometric or optical center of the base lens or may not be centered
around the geometric or optical center of the base lens. In some embodiments, the geometric

center of the individual light modelating cells may be aligned with the geometric center of
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the array of the light modulating ¢elis. In some embodiments, the geometric center of the
mdividual light modulating cells may not be aligned with the geometric center of the array of
the hight modulating cells. In some embodiments, the geometric center of the mdividual light
modulating cells or the geometric center of the array of the light modulating cells are off set
from the center of the base lens. In some embodiments | the geometric center of an array of
the hight modulating cells may be aligned with the optical or geometrical center of the base
lens but the individual light modulating cells may be offect from the geometric center of the
arTay.

{86118} In some embodiments, the diameter of one or more Hght modulating cclis in the
central optical zone may be between about 20 microns and about 400 microns (¢.g., between
about 20-60 microns, 40-80 microns, 60-100 microns, 830-120 microns, 100-140 microns,
120-160 microns, 140-180 microns, 160-200 microns, 180-220 microns, 200-240 microns,
226-260 microns, 240-280 mucrons, 260-300 microns, 280-320 microns, 300-340 microns,
320-360 microns, 340~38C nucrons, 360-400 microns, 20-100 microns, 166-200 microns,
200-300 microns, 300-400 microns). In some embodiments, the diameter of one or more light
modulating cells in the mid-peripheral optical zone may be between about 20 microns and
about 1.5 mm (¢.g., between about 20-100 microns, 100-200 microns, 200-300 microns, 300-
400 microns, 400-300 microns, 500-600 microns, 600-700 microns, 700-800 microns, 800~
9S00 microns, 900 microns — 1 mom, 1-1. 1 mom, 1.1-1.2 mm, 1.2-1 3 mm, 1.3-1.4 mm, 1.4-1.5
mm, 1-1.5 mm, 500 microns -1 mm, 100-300 microns). In some embodiments, the diameter
of the light modulating cells in the peripheral optical zone may be between about 20 microns
and about 3 mms (e.g., between about 20-100 microns, 100-200 microns, 200-300 microns,
300-400 microns, 400-300 microns, 500-600 microns, 600-700 microns, 700-800 microns,
300-900 microns, 900 mucrons — 1mm, 1-1 1mm, 1.1-1.2 nm, 1.2-13 mm, 1.3-1.4 mm, 1 4-
1S5mm, 15-1.6mm, 16-1 7mm, 1.7-1 8 mm, 1.8-19mm, L 9-2mm, 2-2. 1 mm, 2.1-2.2
mm, 2.2-2.3 mm, 2.3-24 mm, 2.4-2.5 mm, 2.5-2.6 mm, 2.6-2.7mm, 2.7-2.8 mm, 2.8-2.9
mm, 2.9-3 mm}. o some embodiments, the ratio of the length of the longest (x} meridian or
axis to the shortest mendian or axis (y) of the light modulating cell may be about 1.1, about
1.2, about 1.3 gbout 1.4, abowt 1.5, about 1.6, about 1.7, about 1.8, about 1.9 and abowt 2.0,
In some embodiments, the diameter of the plurality of light modulating cells in a particular
optical zone may be the same or substantially the same. In some embodiments, the diameter
of the plurality of light modulating cells in a particular optical zone may vary between the

ranges described above. In some embodiments, the sagittal depth of the hight modulating lens
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may vary from about 20nm to about Imm, from about 20nm to about 5001, from about
20nm to about 400um, trom about 20nm to about 300um, from about 20mm to about 200um,
from about 20nm to about 100um, from about 20nm to about 50um, from about 20nm to
about 40um, from about 20nm to about 30um, from about 20nm to abowut 20um, from about
Z0pm to about 10um. In some embodiments, the sagittal difference of the light modulating
cell relative to the base lens, 1.¢., the difference in height from cither an extension or
depression on the base lens may be about + 20nm to about +30pm, +20 nm to about +40um,
+ 20mm to about +30um, + 20nm to about +20um, + 20nm to abowt +10wm, + 20nm to about
+3um, - 20nm to abowut ~-30um, -20 nwm to about ~40pm, - 20nm to about -30um, - 20nm to
about -20um, - 20nm to about -10um, - 20nm to about -Spm.

[86119]  FIG 3 illustrates examples of some of the possible power profiles for exemplary
light modulating cells (including, ¢.g., multifocal light modulating cells} that are refractive.
As illustrated in example 3a, the light modulating cell may comprise two zones {¢.g., Z1 and
£2) or as illustrated in 3b mayv comprise annular zones {¢.g., a central zone 74 surrounded by
an annular zong Z3 and Z5) or may be a toric or astigmatic hight modulating cell as illustrated
in example 3¢ (e.g.. Z6 referring to a horizontal meridian and 27 referring to a vertical
meridian}. Other suitable arrangements may also be possible (e.g., a light modulating cell
with g single zone or more than three zones). As illustrated, the distribution of the power
across the light modulating cell may be substantially aniform or may vary across the light
modulating cell. In some embodiments of the toric/astigmatic light modulating cells, the
meridional axes may be vertical/horizontal or oblique m orientation. In some embodiments of
the toric/astigmatic light modulating cells, the power along the sagittal and tangential
meridians may not be uniform. In some embodiments, the light modulating cells may be
substantially positively powered, may be substantially negatively powered and/or maybe a
corabination of positive and negative powers. In some embodiments, the substantially
positively powered light modulating cells may have an uniform power to direct hight to a
single focus or may have variable power (multifocal) to direct light to focus at multiple
planes. In some embodiments, the substantially negatively powered light modulating cells
may have an uniform (¢ g, substantially uniform) power to direct light to a single focus or
may have variable power {multifocal} to direct light to focus at multiple planes. In some
crabodiments, the light modulating cells may be arranged such that either one of the principal
mendians or axes or the longest mendian of the light modulating cells may be aligne

parallel to one another or may be aligned radially or may be aligned circumferentially or in
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any suitable geometric arrangement , such as for example a triangular arrangement or a
squarc or a rectangle or a hexagon. In somce embodiments, the hight modulating cell may have
one or combinations of more than one higher-order aberrations such as spherical aberrations,
coma, trefol, tetrafpil, etc. to create an extended depth of focus. In some embodiments, the
extended depth of focus light modulating cell may mcorporate at keast two primary and at
least two secondary aberrations. In some embodiments, the tnage quality of the points of the
extended focus may be about 0.4 or more {c.g., 0.35, 0.4, 0.45, eic.}. or may be less than the
mmage guality difference for two focal points defocused by 0.50D.

{86128  FIG 4 iHustrates some of the possible surface profiles for light modulating cells 3a
and 3b illustrated in FIG. 3.

{08121  In some embodiments, the power of one or more hight modulating cells on the
base lens may vary from about -3D to about +3D (¢ g, about -3, -2.3D, -2D, -1 5D, -1D, -
05D, +0.5D, +1D, +1.3D, 42D, +2 5D, +3D) in the central optical zone. In some
embodiments, the power of one or more light modulating cclls on the ophthabmic fens may
vary from about -3D to +5D {¢.g., about -3D, -2.5D, -2D, -1.5D, -1}, 050, +0.5D, +1D,
+1.50, 42D, 425D, +3D, 435D, +4D, +4.5D, +5D} in the mid-penpheral optical zone. In
some embodiments, the power of one or more light modulating cclis on the basc lens may
vary from about -3D to about +3D {e g, about -3D, -2.38, 2D, -1.5D 1D, -0.5D, +0.50,
+1D, +1.5D, 42D, +2 50, 430, 43,58, +4D, +4 5D, +5D} in the peripheral optical zone. In
some cmbodiments, the power of one of more multifocal light modulating celis may include
more than one power ranging from about -3D to about +5D (e.g., about -3D, -2.5D, -2D, -
153D, -1D, -0.5D, 0.00, +0.3D, +1D, +1.5D, 42D, +2.5D, 43D, +3.5D, +4D, +4.5D, +5D).
{86122 In some embodiments, the power of one or more light modulating cells on the
base lens may range from about -3D to about +3D {¢.g., about -3D, -2.50, -2D, -1.5D, -1D, -
0.50, +0.5D, +1D, +1.5D, +2D, +2 58, +3D) in the central optical zone. In some
embodiments, the power of one or more light modulating cells on the base lens may range
from about -3D to +5D {¢.g., about -3D, -2.5D, -2D_ -1.3D, -1D_ -0.5D.+0.5D, +1D, +1.5D,
20, +2 50, +3D, +3.5D, +4D, +4 5D, +531) in the nud-peripheral optical zone. In some
embodiments, the power of ong or more hight modulating cells on the base lens may range
from about -3D to about +3D {e.g., about 3D, -2.5D, 2D -15D, -1D, 03D, +0.50, +1D,
+1.50, 2D, +2.5D, 23D, +3.50, +4D, +4.5D, +5D) in the peripheral optical zone. In some

embodiments, the power of one of more multifocal light modulating cells may mnclude more
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than one power ranging from about -3D to about +3D (¢.g., about -3D, -2.5D, -2D, -1.3D, -
1D, -0.5D, 0.00, +0.3D, +1D, +1.5D, 42D, +2.5D, +3D, +3.5D, H4D, +4.5D, +3D).

{00123} In some embodiments, the light modulating cells may comprise a phase-
modifying mask such as an amplitude mask, binary amplitade mask, phase-mask, or
kinoform, or binary phase-mask, or phase-modifying surfaces such as meta-surface or
nanostructures. FIG 5 illustrates some examples of light modulated cells where the light
phase has been modulated. Considering for example a hght modulating cell, the outer region
of the light modulating cell (5d) represents the region where the light phase has been
modulated for example, by pi/2, pt, 3.p1/2, or between O and pi/2, between pv/2 and pi,
between pi and 3.pi/2 or between 3.p1/2 and 2.pi; the mner white circle (5¢) represents a
second region of the light modulating cell for which the light phase has been modulated to be
different from the phase of the first region; the intermediate grey circle {5f) represents a third
region of the light modulating cell for which the tight phase has been modulated to be
different from the phase of the first or the second region.

[86124] In some embodiments, depending on the ortentation on the base lens, and
meorporation of other features comprising one or more of filters, phasc-modifying masks
ctc., the light modulating cell that incorporates a refractive power may selectively transmit
meident light that may range from about 100% to about 30%, from about 100% to about
40%, from about 100% to about 30%, from about 100% to about 60%, from about 100% 10
about 70%, from about 100% to about 80%., from about 100% to about 90%, from about 90%
to about 50%, to greater than about 50%, greater than about 60%, greater than about 70%,
greater than about 80%, greater than about 90%. In some embodiments, the light transmitting
region of the light modulating cell may be the entire light modulating cell, or select portions
or regions of the light modulating cell.

[B8125]  In some embodiments, the hight modulating cells described herein and as
tHustrated in FIG 6, may be distributed across all the zones of the base lens described herein,
or may be distributed across one or more zones of the base lens (light modulating zones or
treatment zones). In some embodiments, the light modulating cells may be distnibuted across
the central zone only (6a), across the mid-peripheral zone only (6b), across the peripheral
zone only (6¢), across the central and mid-penipheral zone only {6¢), across the mid-
peripheral and penipheral zone only (6f) or across the central and peripheral zone only (6g).
In some embodiments, the light modulating cells may be distributed across all of one or more

zones or may be limited to a quadrant or a region of the zone(s) {(for example, as illustrated n
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FIG 6d and 6h) or may be asymmetrical i distribution (61). The size, density per square mm
and the packing arrangement of the light modulating cells may be uniform across the zones or
vary across the zones. FIG 6 illustrates an example where the density of the light modulating
cells is greater in the peripheral zone compared to the mid-peripheral zone. FIG, 6k illustrates
an example where the light modulating cells are arranged in concentric zones but the
geometric center (CR1 and CRZ ) of the rings (R1 and R2) do not align with one another or
the geometric center {(G1) of the base lens. FIG. 6l illustrates an example where the hight
modulating cells are arranged in a spiral arrangement where the last light modulating cells of
the first circle is not aligned with the first modelating cell of the first loop. In other
embodiments, the light modulating may be arranged in a spiral arrangement with multiple
loops where the last modulating cell of the first circle may not be aligned with the first cell of
the first loop, first cell of the second loop, first cell of the third loop and so on

{00126]  In some embodiments, the light modulating cells that are distributed across all the
surface area of the base lens or across one or more zones of the base lens may be refractive in
power and may comprise substantially negative powered light modulating cells only,
substantially positive powered hight modulating cells only, substantially negative powered
light modulating cells only with one or more powers, substantially positive powered light
modulating cells with one or more powers, sabstantially multifocal Light modulating cells
only, a combination of substantially negative powered light modulating cells with one or
more powers and muitifocal Hght modulating cells, a combination of substantially positive
powered hight modulating cells with one or more powers and multifocal light modulating
cells, a combination of substantially positive powered light modulating cells with one or more
powers and substantially negative powered light modulating cells with one or more powers,
or a combination of substantially positive powered light modulating cells, negative powered
hight modulating cells and multifocal light modulating cells.

[88127] In some embodiments, the distribution of the substantially negative powered light
modulating cells with one or more powers and substantially positive powered light
modulating cells with one or more powers for each ofthe one or more zones of the base lens
{c.g., the ratio of the number of negative power light modidating cells to positive power light
modulating cells) may be about 100/0, 95/5; 90/10/, 85/15, 80/20, 75/25, T0/30, 65/35, 60/40,
55/45, 50/50, 45/55, 40/60, 35/65, 30/70, 25/75, 20/80, 15/85, 10/906, 5/95, or 0/100. In some
embodiments, the distribution of the substantially negative powered light modulating cells

and multifocal hight modulating cells across one or more zones of the base lens {e.g., the ratio
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of the number of negative powered light modulating cells to multifocal ight modulating
cells) may be about 100/0, 95/5; 90/10/, 85/15, 80720, 75/25, 70/30, 65/35, 60/40, 55/45,
S0/50, 45/55, 40/60, 35/65, 30/70, 25/75, 20/80, 15/85, 1(/90, 5/95, or 0/100. In some
embodiments, the distrbution of the substantially positive powered and multifocal hight
modulating cells across one or more zones of the base lens {¢.g., the ratio of the number of
positive powered light modulating cells to multifocal light modulating cells) may be about
95/5; 90/10/, 85/15, 80/20, 75/25, 70/30, 65/35, 60/40, 55/45, 50/50, 45/55, 40/60, 35/65,
30/70, 25775, 20/80, 15/85, 10/90, 5795, (/100). In some embodiments, the distribution of the
substantially positive powered, substantially negative powered and multifocal Hght
modulating cells across one or more zones of the base lens {¢.g., the ratio of the number of
positive powered light modulating cells to negative powered to multifocal hight modalating
cells) may vary in equal proportions or may be anequal. In some embodiments, the
distribution of the substantially positive powered, substantially negative powered, multifocal
light modulating cells and light modulating cells with phase modifving masks across one or
more zones of the base lens (e.g., the ratio of the number of positive powered hight
modulating cells to negative powered to muldtifocal hght modulating cells) may vary in egual
proportions or may be unegual.

[00128]  In some cmbodiments, the distribution of the negative power light modulating
cells across one or more zones of the base lens may be limited to quadrants, zones, regions,
randomly interspersed, arranged in clusters, stacks, aggregates, arrays of 2 or more light
modulating cells or regularly arranged on the base lens. In some embodiments, the
distribution of the positive power light modulating cells across one or more zones of the base
lens may be limited to quadrants, zones, regions, randomly interspersed, arranged in clusters,
stacks, aggregates, arrays of 2 or more light modulating cells or regularly arranged on the
base lens. In some embodiments, the distnibution of the multitocal light modulating cells
across ong or more zones of the base lens may be limited to quadrants, zones, regions,
randomly interspersed, arranged in clusters of 2 or more light modulating cells or regularly

arranged on the ophthalmic lens.

Geometrical Fill Rato/Through Focus Lieht Distribution:

[00129]  In some embodiments, an ophthalmic lens may be characterized as having a fill
ratio. The fill ratio {or fill factor ratio} may be defined as the ratio of the area occupied by the

hight modulating cell to the total area of the region of the base lens devoted to the light
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modulating cells. This region is also referred to as hight modulating cell zone {(e.g.

g., excluding
any specific contral zones/ regions that are devoid of light modulating cells). In some
embodiments, lens designers and/or clinicians may use the hight modulating cell geometrical
distribution or fill ratio as a guide to clinical performance of the ophthalmic lens including
myopia control efficacy, vision and/or wearability. For example. an ophthalmic lens
meorporating a base lens with a power and positive powered hight modulating celis in a
peripheral annular optical zone having a geometnical fill factor of 25%, may result in the
clintcian concluding that 25% of the light passing through the peripheral zone is focused in
front of the retinal plane for slowing axial eye growth whereas 75% of the light passing
through the penipheral part of the lens may be focused at the retinal plane for providing
refractive error correction and good vision. In this situation, if myopia progression 1s faster
than expected, a clinician may consider increasing the geometrical fill factor of the positive
powered light modulating cells, to about 35%. However, the through focus light distribution
(TFLD) of mcident light that passes through peripheral zone of the ophthalnuc lens and mto
the eve may not match the TFLD represented by the geometrical fill factor. FIG. 7 is a table
that provides the geometrical fill factor for a range of embodiments and the corresponding
TFLD i the eve. As seen from the table, when incident light 1s directed through the
ophthalmic fens 1 (FIG 7), although 1t is expected that the positive powered light modulating
cell results mn light directed to a plane that is in myopic defocus (e, relanvely anterior to the
retinal plane or image plane corresponding to the base lens power ), uderactions that may
result from the geometrical characteristics of the base lens and the hight modulating cell
mehuding, for example, the spacing between cells, diameter or size of cells, sagittal depth,
curvature or surface profile of the cells, power or focal length of the cells and/or other hight
maodulating effects of the arrangement, may result 1o the light that emerges from this
arrangement to be directed to multiple planes, ¢.g., at the retinal or image plane as well as m
one or both of myopic {anterior to the retinal or image plane } and hvperopic defocus
(relatively posterior to the image plane). For Lens 1 in FIG 7, the resultant hight distribution
m the peripheral zone is about 23.8% m mvopic defocus (anterior to the image plane)
whereas a greater amount of light 34.7% 1s in hyperopic defocus (posterior to the mmage
plane). Thig 1s further ilhustrated in FIG 8, where it 1s seen that the light emerging from the
arrangement from the ight modulating zone on the ophthalmic lens is directed to the retinal

mmage plane (C) {or in the case of the lens alone, 1o an image plane corresponding fo the base
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lens power}, as well to multiple planes in myopic defocus (A and A’) as well as to multiple
planes in hyperopic defocus (B and 87}

[00130]  Some embodiments described herein may provide a method for a TFLD extending
across one or more image planes comprising an ophthalmic lens comprising a base lens, and
one or more light modulating zones with a plurality of light modulating cells wherein hight
passing through the light modulating zone that may be tatlored to provide a TFLD that is
directed to one or more 1mage planes, a greater proportion of light in myopic defocus relative
to the image plane, greater proportion of hight in hyperopic defocus relative to the rnage
plane, equally distabuted amongst myopic and hyperopic defocus, all light directed anterior
to the image plane, all light directed posterior to the image plane and so on. Some
embodiments, may provide a method wherein the surface geometrical characteristics of the
ophthalmic lens includes the geometrical fill factor of the light modulating cells. Some
embodiments described herein are for an ophthalmic lens with a base lens with a base power
that directs light to a first image plane, one or more light modulating zones with a plurahity of
hight modulating cells wherein a portion of the base power adjacent to (but not underlving)
the light modulating cells interacts to direct light to an image plane that is not on the first
wmage planc. In some embodiments, the image plane that 1s not on the first image planc 15 in
similar direction to that of light directed by the hight modulating cells, m other embodiments
it 1s in an opposite direction to that of light directed by the light modulating cells.

[66131]  In some cmbodiments, it may be desirable for an ophthalmic lens with light
modulating zones incorporating one or more light modulating cells to provide a TFLD for
hight passing through the light modulating zone wherein the ratio of light that s distnbuted in
myopic defocus compared to hyperopic defocus may be about < 1.0, about <0.9, about <0 8,
about <0.7, about <0.6, about <0.5, about <0.4, about <0.3, about <0.2, about <0.1.

{01321 In some embodiments, it may be desirable for an ophthalmic lens with light
modidating zones incorporating one or more light modulating cells to provide a TFLD for
light passing through the light modulating zone wherein the ratio of light that is distributed in
myopic defocus compared to hyperopic defocus may be about > 1.0, about >1.1, about >1.2,
about >1.3, about >1 4, about >1.5, about >1.6, about >1.7, about >1.8, about >1.9.

{86133} In some embodiments, it may be desirable for an ophthalmic lens with light
maodulating zones incorporating one or more light modulating cclls to provide a TFLD for

light passing through the light modulating zone with no substantial hyperopic defocus.



CA 03144870 2021-12-22

WO 2020/261213 PCT/1IB2020/056079

In some embodiments, it may be desirable for an ophthalmic lens with light modulating zones
mcorporating one or more light modulating cells to provide a TFLD for light passing through
the hight modulating zone with no substantial myopic defocus.

[08134]  In some embodiments, it may be desirable for an ophthalmic lens with light
modulating zones incorporating one or more light modulating cells to provide a TFLD for
fight passing through the light modulating zone wherein the proportion of light directed to
mmage planes in myopic defocus 1s about 13% to about 80%, 15% to about 75%, 15% 1o
about 70%, 15% to 60%, about 20% to 50% , about 25% to 30%, about 30% to about 50%,
about 35% to about 50%, about 25% to 30%, about 30% to 40%, preferably >25%, preferably
>30% and preferably >35%,

[88135] In some embodiments, it may be desirable for an ophthalmic lens with light
modulating zones incorporating one or more light modulating cells to provide a TFLD for
fight passing through the light modulating zone wherein the proportion of light directed to
image planes in hyperopic defocus 15 about 15% to about 80%, 15% to about 75%, 153%to
about 70%, 15% to 60%, about 20% to 50% , about 25% to 30%, about 30% to about 50%,
about 35% to about 50%, about 25% to 30%, about 30% to 40%, preferably >25%, preferably
>30% and preferably >35%,

[08136]  In some embodiments, it may be desirable for an ophthalmic lens with light
modidating zones incorporating one or more light modulating cells to provide a TFLD for
fight passing through the light modulating zone wherein the difference in the proportion of
hight directed to image planes for myopic defocus and 1mage planes for hvperopic defocus is
about 20-80% of the entire TFLD, abouat 20% -75%, about 20%-70%., about 20% to 65%,
about 20% to 60%. about 20% to 55%, about 209 to 50%, about 20% to 45%, about 20% to
40%.

{88137}  FIG 9 illustrates the sagittal and tangential power distribution across an
ophthalmic fens (Lens 1 of FIG 73 with a base lens of plano power with a clear central zone.
in the peripheral zone, there are a plorality of light modulating cells that are positive in power
(+3.50D), with a geometrical fill ratio of 58% in the peripheral zone. Due to the interactions
resulting from the geometrical characteristics of the base lens and light modulating cells,
meluding the geometrical fill ratio, the resultant power map indicates that both positive and
negative powered zones were created on the lens. As seen from the cumulative hight
distribution, the through focus hight distnbution indicates that for light rays passing through

the peripheral zone, 23.8% of light is anterior to the tnage plane or in myopic defocus
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whereas 34.7% of light is posterior to the image plane or in hyperopic defocus and the
remaining 41.5% 15 at the image plane. Furthermore, it 15 observed that there is a peak
amplitude of myopic defocus at approximately 3.5D and the peak amplitude s greater for
myopic defocus compared to hyperopic defocus. The light modulating cell has a diameter of
1 mim and is spaced 1.5mm apart.

[66138]  Thus in some embodiments, to achieve a desirable TFLD, the goometrical fill ratio
of the light modulating cells to the total surface area of the light modulating zone on the base
lens of the ophthalmic lens {¢.g., ratic of the total surface area of the light modulating cells to
the total surface area of the ophthalmic lens} may be abowt 5%, about 10%, about 13%, about
20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%
about 6%, about 65%, about 709, about 75%. about 80% or about 85% _ at least 5%, at least
10%, at least 15%, at least 20%. at keast 25%., at least 3096, at feast 35%, at least 40%, at least
45%. at least 50%, at least 55%, at least 60%, at least 65%, at lcast 70%, at least 75%, at least
80% or at least 85% or between 5-15%, 20-30%, 33-45%, 40-30%, 45-35%, 60-70%, 70-
75%, 70-80% or 75-85%. In some embodiments , the light modulating zone may be present
only in the central region of the lens, only in the mid-peripheral annular region, only
peripheral anonual region, in both mid-peripheral and peripheral regions, may be present
across the entire lens surface arca, may be limited fo only certain quadrants (2.g., one or more
of the nasal, temporal, infertor, and/or superior guadrants), may be limited to certain
segments or may be limited to certain regions.

[8613%] In some embodiments, to achieve a desirable TFLD, the cell- to- cell spacing (i.e.
spacing in between the light modulating cells) may be larger than, equal to, smaller than the
diameter of the light modulating cells or variable across the spacing. In some embodiments |
the cell-to-ccll spacing may contain masks, opagque arcas or other means of reduced
transmission. In some embodiments, to achieve a desirable TFLD, the Light modulating cells
in a particular array or arrangement or cluster or a stack or an aggregate may be positioned
such that the cell-to-cell spacing may be constant between all cells, may be variable betwee
all cells, constant for some cells and vartable for some cells.

[8614¢] FIG 10 illustrates an embodiment of an ophthalmic lens with a geometrical fill
factor of the light modulating cell zone is such that about 50% of light is directed to the
retinal image plane, about 25% of the light is directed to the plane anterior to the retinal
mmage plane (myopic defocus) and about 25% of the light 1s directed to the plane posterior to

the retinal image plane (hyperopic defocus) by the ight modalating cells. Considering the

9.
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TFLD, it 1s observed there s a peak of amplitude for ight at the image plane €, a peak of
amplitude for light in myopic defocus (anterior to the image plane) at A and similarly, a peak
of amplitude of light for light in hyperopic defocus (posterior to the image plane) at B. In
addition, the light is also directed to muldtiple focal planes falling over a range of diopters A~
between C and A and mubtiple focal planes falling over a range of diopters B between C and
B.

[86141] In some embodiments, the ophthalmic lens comprisimg light modulating cells has
a geometrical fill factor in the Hight modulating zone that 15 designed so the peak amphitude of
defocused light anterior to the image planc at A is substantially greater, somewhat greater,
substantially similar to, somewhat less, substantially less than the amplitude of detocused
light posterior to the image plane at B.

106142]  In some embodiments, the distance of the peak amplitude A of the light directed
to in frout of the image plane may be positioncd substantially closer to the 1image plane than
the distance of the peak amplitude B of the light directed to postenior 1o the image plane.
[86143] In some embodiments, the ophthalmic lens comprising light modulating cells has
a geometrical fill factor in the light modulating zone that is designed such that the resultant
TFLD has a peak of amplitude for hight 1o myopic defocus A (anterior to the image plane),
and in addition, there may be light directed to a range of planes (A”) in between A and the
mmage plane C wherein the amplitude of light at one or more image planes of A’ is
substantially less or somewhat less than the amplitude at A, Sinularly, in some embodiments,
the ophthalmic lens comprismg light modulating cells m the hght modulating zone has a
geometrical fill factor that is designed such that the TFLD has a peak of amplitude for hght
hyperopic defocus B (posterior to retina}, in addition, there may be light dirgcted to a range of
planes (B} in between B and € wherein the amplitude at one or more image plancs at B™ s
substantially less or somewhat less than the amplitude at B. In some embodiments, light is
directed to provide a peak amplitude of defocus at A and B and in addition, to a band of
multiplc focal planes providing myopic defocus only at A” whereas there are no focal planes
at B7 (FIG 11). In some embodiments, the amplhitude of defocus n the TFLD at A" or B” may
form a band of multiple focal planes in discrete steps, for example, every 0.05D or greater, or
every 0.125D or greater, or every 0.25D or greater at A” whereas there is only a baod of
multiple focal plancs only for a portion at B (FiG 12). fn some embodiments |, the amplitude

of defoct in the TFLD at A” or B or both may, at least 1n part, form a discontimuous
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distribution of defoci separated by at least about 0051 or more, about 01258 or more, about
0.23D or more, about 0.37D or more, about 0.30D or more (A in FIG 13).

[B8144] In some embodiments, the TFLD may at least in part form an apeniodic and non-
monotonic amplitude of myvopically defocused light, hyperopically defocused light or both.
106145 In some embodiments, the hght amplitude of any continuous band of defocused
fight at A” or B” may be at least about 20% of the TFLD, may be about 253%, may be about
380%, about 40 % , about 50%, about 6%, about 705, about 80%, about 10% to 50%, about
10% to 40%, about 10% to 30% or about 10% to 20% . In some embodiments, the peak
amplitude of the TFLD anterior to the image plane {(or 1o front or in myoepis defocus) may be
about 50% of all hght dirccted anterior to the retinal plane, may be substantially >50%,
somewhat >50%, or <50%. In some embodiments, peak amplitude of the TFLD posterior to
the retinal plane {or behind or in hyperopic defocus) may be about 50% of the Light directed
posterior to the retinal plane, may be substantiaily >50%, somewhat >50%, or <50%.
[66146] In some embodiments, the amplitude of the TFLD antenor to the retinal plane (or
in front or in myopic defocus) and within 1.00D of the retinal plane may be about < 10%, or
about < 20%, or about <30% or about < 50% of the total light in front of the retinal plane. In
some embodiments, the amplitude of the TFLD posterior to the retinal plane {or behind orin
hvperopic defocus) and within 1.00D of the retinal plane may be about < 10%, or about <
20%, or about <30% or about < 30% of the total light behind the retinal plane. In some
embodiments, the amplitude of the TFLD may be such that the amplitude at B and B” mayv be
about zero amplitude when within 1.00D, or within 1.50D of the retinal image plane, whercas
amplitude at A and A’ may be greater than zero when within 1.00D | or within 1.30D of the
retinal image plane. In some embodiments, the amplitude of the TFLD may be such that the
amplitude at A and A is about zero amplitude when within 1.00D, or within 1.50D of the
retinal image plane, whereas amplitude at B and B” may be greater than zero when within
1.00D | or within 1 50D of the retinal image plane.

1061471 In some embodiments, the amplitude of the TFLD at a certain focus may be
modified by the arrangement of the light modulating cells on the base lens. In certain
embodiments, two or more Hght modulating cells may be arranged in a dependent manner 1o
modify the amplitade of the TFLD at a given focal point or focal plane. For example, in FIG
14a two light modulating cclls are arranged in a dependent manner such that they share a
common focal point and therefore providing a certain amplitude of focus. The sum of light

mtensity at the common focal point {focal pomnt 1 and 2} is greater than the light intensity at
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focal point 1 alone or focal point 2 alone. When one of the pair of the light modulating cells
is modified or covered (FIG 14b) then the amplitude or the hight infensity at the cormamon
focal point 1s reduced. In some embodiments, an ophthalmic lens incorporating hght
modidating cells used for myopia control may provide 8 TFLE with hight directed to image
planes 1 both myopic and hyperopic defocus wherein the geometrical fill factor contains no
negative powered refractive elements. In some embodiments, an ophthalmic lens
meorporating light modulating cells used for mvopia control may provide a TFLD with light
directed to image planes in both myopic and hyperopic defocus wherein the geometrical fill
factor contains no positive powered refractive cells. In some embodiments, an ophthalmic
lens meorporating light modulating cells used for myopia control may provide a TFLD with
hight directed to mage planes in both myopic and hyperopic defocus wherein the geometrical
fill factor containg substantially no positive or negative powered light modulating cells, or
contains only positive powered refractive light modulating cells, contains only negative
powered refractive light modulating cells or contains both positive and negative powered
refractive light modulating cells or contains only substantially zero powered light modulating
cells or contains only diffractive cells or light modulating cells with phase shifting masks. In
some embodiments, an ophthalmic lens incorporating light modulating cells used for myopia
control may provide a TFLD with light directed to image planes in substantially mvopic
defocus only, substantially hyperopic defocus only, both myopic and hyperopic defocus
wherein the geometrical fill factor contains light modulating cells with zero refractive power.
In some embodiments, an ophthalmic lens incorporating light modulating cells used for
myopia control may provide a TFLD wherein the image contrast at the retinal plane is
reduced by about approximately 10% or more, by about approximately 20% or more, by
about approximately 30% or more. In some embodiments, an ophthalmic lens incorporating
Light modulating cells used for myopia control may provide a TFLD wherein the light
modulating cells may cause diffusive blur {difference between low contrast VA and high
contrast VA) when viewed through the portion of the iens comprising the light modulating
cells. In some embodiments, an ophthalmic lens incorporating light modulating cells used for
myopia control may provide a TFLD wherem the diffusive blur with the lens may be about
6.07 logMAR or greater, about 0.10 logMAR or greater, about §.15 logMAR or greater,
about 0.20 logMAR or greater or about 0.25 logMAR or greater.

{00148}  While the examples and descriptions have generally been confined to ophthalmic

lenses for myopia control, the manipulation of optical defocus may readily be applied to
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produce desirable TFPD for any other vision correction application or vision assistance
application or to improve vision and vision qualtty in general including presbyopia, myopia,

hvperopia, astigmatism, visual fatigue, night vision and the like.

Exemplary Ophthalmic Lenses

[6614%]  FIG 15 1s atable detaling the distribution of the exemplary refractive light
modulating cells desceribed in FIGS 16-30 (Examples 1-13), the power ofthe light modulating
cells, percent distribution of light modulating cells, the area of the zone devoted to the light
modulating cells and the total fil] ratio for the hight modulating cells.

[BB156] FIG. 16 1s a power map of an exemplary ophthalmic lens for a myopic eve in
accordance with some embodiments described heremn. As illustrated, FIG. 16 provides the
power map of the central zone and mid-peripheral zone of an ophthalmic lens {e.g., a
spectacie lens) of FIG. 2 which comprises a base or carmer lens and a plurality of light
modulating cells incorporated mto or on the base lens. The central optical {e.g., pupillary)
zone 2¢ of the ophthalmic lens is about 5.0 mm in diameter and has a uniform (or
substantially uniform} power of about -2.00D to correct for the distance refractive error of a -
2.000 myopic eve. Surrounding the central zone, is the mid-peripheral optical zone 2d of
about 20 mm in diameter. The mud-peripheral optical zone also has a base optical power of
about -2.00D. Interspersed throughout the mid-peripheral optical zone 2d (hight modudating
cell zone) are a plurality of light modulating cells. As illustrated, the light modulating cells
are circular in shape and have a diameter of about 0.8 mm. Upticallv, a first subset of the
plurality of the light modulating cells have an optical power of +1.30D (when combined with
base fens, the resultant power is -0.50D). Optically, a second subset of the plurality of light
maodulating cells have an optical power of -0.500 {(when combined with base lens, the
resultant power is -2 5013). Light rays passing through the +1.50D light modulating cells
focus more anteriorly to light ravs passing through the -2.00D base lens power and light rays
passing through the -0.50D light modulating cells are focused more posteriorly compared to
hight ravs directed through the base optical power {as well as the +2.50D Light modulating
cells). As a result, the lens design llustrated m FIG. 16 causes the hght ravs to be directed to
at least three different images planes. As further illustrated, the subsets of light modulating
cells are positioned in a substantially squarcd arrangement that is repeated. The distribution
of the first subset of light modulating celis to the second subset of light modulating cells 1s

about 50/50. The peripheral optical zone bevond the mid-penipheral zone may be aniform in
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power or may be mterspersed with Hight modulating cells in substantially the same (or
different manner to that described herein.

[B8151]  FIG. 17 1s a power map of an exemplary ophthalmic lens for a myopic eve in
accordance with some embodiments described heremn. As illustrated, FIG. 17 provides the
power map of the central zone and mid-peripheral zone of an ophthalmic lens {e.g., a
spectacie lens) of FIG. 2 which comprises a base or carmer lens and a plurality of light
modulating cells incorporated mto or on the base lens. The central optical {e.g., pupillary)
zone 2¢ of the ophthalmic lens is about 5.0 mm in diameter and has a uniform (or
substantially uniform} power of about -2.00D to correct for the distance refractive error of a -
2.00D myopic eye. Surrounding the central zone, is the mid-peripheral optical zone 2d of
about 20 mm i diameter. The mud-peripheral optical zone also has a base optical power of
about -2.00D. Inferspersed throughout the mid-peripheral optical zone 2d are a plurality of
fight modulating cells (light modulating cell zone). As illustrated, the light modulating celis
are circular in shape. Optically, a first subset of the plurality of the light modulating cells
have an optical power of about +2 00D (when combined with base lens, the resultant power is
0.00D). The first subset of the phirality of the light modulating cells have a diameter of about
0.8 mm. Optically, a second subset of the plurality of light modulating cells have an optical
power of -0.50D (when combined with base lens, the resultant power 18 -2.50D). The second
subset of the plurality of the light modulating cells have a diameter of about 1.2 mm. Light
rays passing through the +2 00D powered light modulating celis focus more anteriory to
hight ravs passing through the ~2.00D base power and light rays passing through the -0.56D
powered light modalating cells are focused more posteriorly compared to light rays directed
through the base optical power {as well as the +2.00D light modulating colis). As a result, the
lens design dlustrated in FIG. 17 canses the hight rays to be directed to at least three different
mmages planes. As further illustrated, the subsets of light modulating celis are positioned n a
substantially squared arrangement that 1s repeated. The distribution of the first sabset of light
modulating cells to the second subset of light modulating cells 1s about 50/50. The peripheral
optical zone beyond the mid-peripheral zone may be uniform in power or may be interspersed
with hght modulating cells in substantially the same {(or different) manner to that described
herein.

{01521 FIG. 18 is a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herem. As illustrated, FIG. 18 provides the

power map of the central zone and mud-peripheral zone of an ophthalmic lens {e.g., a
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spectacle lens) of FIG. 2 which comprises a base or carrier lens and a plurality of light
modulating cells incorporated mto or on the base lens. The central optical (e.g., pupillary)
zone 2¢ of the ophthalmic lens is about 5.0 mm i diameter and has a vniform (or
substantially uniform) power of about -2.00D to correct for the distance refractive error of a -
2.00D myopic eve. Interspersed throughout the central optical zone 2¢ are a phurality of light
modulating cells (light modulating cell zone). As illustrated, the light modulating cells are
circular in shape. Optically, the plurality of the light modulating cells 1n the central optical
zone have an optical power of +1.50D {when combined with base lens, power is -0.50D}. The
plurality of the light modulating cells have a diameter of about 0.2 mm. Surrounding the
central zone, 18 the mid-peripheral optical zone 2d of about 20 mm in diameter. The mud-
peripheral optical zone also has a base optical power of about -2 00D, Interspersed
throughout the mid-peripheral optical zone 2d are a plurality of light modulating celis (light
modulating cell zone). As illustrated, the light modulating cclis are circular 1 shape.
Opticallv, a first subset of the plurality of the light modulating cells 1n the mid-peripheral
optical zone have an optical power of about +2.00D {when combined with base lens, power is
0.00D3). The first subset of the phurality of the light modulating cells in the mid-peripheral
zone have a diameter of about 0.8 mum. Optically, a second subset of the phurality of light
modidating cells in the mid-peripheral optical zone have an optical power of about -0.50D
{when combined with base lens, -2 50D i power) and a diameter of about 1.2 mm. Light rays
passing through the +2.00D powered light modulating cclis in the nud-peripheral zone and
the +1.500 powered light modulating cells in the central zone focus more anterniorly
compared to light rays passing through the -2.00D base power. Light rays passing through the
-0.50D light modulating cells in mid-peripheral zone focus more posteriorly compared to
light rays directed through the base optical power as well as light rays directed through the
+2.00D and the +1.50D light modulating cells. As a result, the lens design illustrated in FIG.
18 causes the light rays to be directed to at least four different images planes. As further
tHustrated, the subset of light modulating cells are positioned in a substantially squared
arrangement that repeats. In the mid-peripheral optical zone 2d, the distnbution of the
number of the first subset of light modulating cells {0 the second subset of light modulating
cells is about 30/50. The peripheral optical zone beyond the mid-peripheral zong may be
uniform in power or may be interspersed with light modulating cells in substantially the same

{or different) manner to that described herein.
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{80153} FIG. 19 18 a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herem. As illustrated, FIG. 19 provides the
power map of the central zone and mud-peripheral zone of an ophthalmic lens {e.g., a
spectacle lens) of FIG. 2 which comprises a base or carner lens and a plurality of light
modulating cells incorporated mto or on the base lens. The central optical {¢.g., pupillary}
zone 2¢ of the ophthalmic lens is about 5.0 mm in diameter and has a uniform {or
substantially uniform) power of about -2.00D to correct for the distance refractive error of a -
2.00D myopic eye. As illustrated, the light modulating cells are circular in shape. Optically, a
first subset of the plurality of the light modulating cells in the central optical zone have an
optical power of about +1.50D (when combined with base lens, ~0.50D m power) and a
diameter of about 0.2 mm. Optically, a second subset of the plurality of the ight modulating
cells m the central optical zone have an optical power of about -0.50D (when combined with
base lens, -2.50D m power) and a diameter of about 6.2 mm. Surrounding the central zone, is
the nud-pernipheral optical zone 2d of about 20 mm in diameter. The nud-peripheral optical
zone also has a base optical power of about -2 00D Interspersed throughout the mid-
peripheral optical zone 2d are a plurality of light modulating cells. As ilhustrated, the light
maodulating cells are circular in shape. Optically, a first subset of the plurality of the light
modulating cells in the nud-peripheral optical zone have an optical power of about +1.50D
{when combined with base lens, power 18 -0.50D } and a diameter of about 0.8 mm.
Optically, a sccond subsct of the plurality of light modulating cells in the mid-peripheral
optical zone have an optical power of about -0.50D when combined with base lens, -2.50B in
power) and a diameter of about 0.8mm. Light rays passing through the +1.50D light
modulating cells in both the central and the mid-peripheral optical zone focus more anteriorly
corapared to light rays passing through the -2 00D basc power as well as light rays passing
through the -0.30D powered light modulating celis. Simlarly hight ravs passing through the -
0.50D powered light modulating cells in both the central and the mid-peripheral optical zone
focus more posteriorly compared to light rays directed through the base optical power as well
as the +1.50D light modulating cells. As a result, the lens design ilustrated in FIG. 19 causes
the light rays to be directed to at least three different images planes. As further dhustrated, the
subset of light modulating cells are positioned in a substantially squared arrangement that is
repeated. fo the central optical zone and the mid-peripheral optical zouve, the distribution of
the number of first subset of light modulating cells to the second subset of light modulating

cells is about 50/50. The peripheral optical zone bevond the mid-peripheral zone may be
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gniform in power or may be interspersed with light modulating cells tn substantially the same
{or diffcrent) manner to that described herein.

[B8154]  FIG 20a shows the power map of a -2.00 D mvopic lens with positive hight
modudating cells (light modulating cell power of +0.530D; combined with base lens, lens
power is ~-1.50D}. Figure 20b shows the geometric bhur circle for an optical performance
simulation at a wavelength of 555 nm when a -2 .00 D myopic eye was corrected with a
spectacie lens having a power map as shown n Figure 20a. In Figure 20b it can be seen that
hght is well focused, 1.e. the geometrical blur circle is comparable to the Airy disk, which
imdicates good visual performance. if the retinal plane of the same eve was now moved
anteriorly by 0.2 mm, which corresponds to a refractive error change of 0.50D, the
geometrical blur circle increases, however light passing through the positive light modulating
cells 1s now in focus - as can be seen in Figure 20¢.

{001588]  Figure 21a shows the power map of a -2.00 D mvopic lens with negative hght
modulating cells (Jight modulating cell power of -0.50D). Figure 21b shows the geometric
blur circle for an optical performance simulation at a wavelength of 555 nm when a -2.00 D
myopic eve was corrected with a spectacle lons having a power map as shown m Figure 21a.
In Figure 21b it can be scon that hight is well focused, 1.¢. the geometrical blur circle is
comparable to the Airy disk, which again indicates good visual performance. If the retinal
plane of the same eye was now moved posteriorly by 0.2 mm, which corresponds to a
refractive error change of 0.50D, the geometrical blur circle increases, however light passing
through the negative light modulating cells 1s now in focus - as can be seen in Figure 2ic.
180156} FIG. 22 is a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herein. As illustrated, FIG. 22 provides the
power map of an ophthalmic lens {e.g.. a spectacle lens) of FI(. 2 which comprises a base
lens and a plurality of light modulating cells meorporated into or on the base lens. The central
optical (e.g., pupillary} zone 2c of the ophthalmic lens 13 about 5.0 mm in diameter and has a
uniform {(or substantially uniform) power of about -2.00D to correct for the distance
refractive error of a -2.00D myopic eye. Surrounding the central zone, is the mid-peripheral
optical zone 2d of about 20 mm n diameter. The mud-peripheral optical zone also has a base
power of about -2.00D. Interspersed throughout the mid-peripheral optical zone 2d are a
plurality of hight modulating cells. As illustrated, the light modulating cells are circular in
shape. Optically, the plurality of hight modulating cells have an optical power of about -0.50D

{when combined with base lens, -2 50D m power}. The light modelating cells have a
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diameter of about 0.8 mm. Light ravs passing through the -0.50D powered light modulating
cells are focused more posteniorly compared to light rays directed through the base optical
power. As a result, the lens design dlustrated m FIG.22 causes the hight rays to be focused on
at least two different images planes. The peripheral optical zone beyond the mid-peripheral
zone may be uniform in power or may be interspersed with light modulating cclls in
substantially the same (or different) manner to that described herein,

180137} FIG. 23 18 a power map of an exemplary ophthalmic lens for a myopic eyve in
accordance with some embodiments described herein. As illustrated, FIG. 23 provides the
power map of an ophthalmic lens {¢.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells meorporated into or on the base lens. The central

optical (e.g., puptllary) zone 2¢ of the ophthalmic lens s about 5.0 mm in diameter and has a

uniform {(or substantially uniform) power of about -2.00D to correct for the distance
refractive error of a ~2.00D myopic eye. Surrounding the central zone, is the nud-peripheral
optical zone 2d of about 20 mm in diameter. The mud-peripheral optical zone also has a base
power of about -2.00D. Interspersed throughout the mid-peripheral optical zone 2d are a
plurality of heht modulating cells. As iHlustrated, the light modulating cells are circular in
shape. Optically, the plurality of light modulating cells have an optical power of -3 50D
{when combined with base lens, -5 50D m power}. The light modulating cells have a
diameter of about 0.8 mm. Light rays passing through the -3.50D powered light modulating
cells are focused more posteriorly compared to light rays directed through the base power. As
aresult, the lens design iHustrated i F¥G. 23 causes the hight rays to be focused on at least
two different images planes. The peripheral optical zone beyond the mid-peripheral zone may
be uniform in power or may be interspersed with light modulating celis in substantially the
same {or different) manner to that described herein,

[O01588]  FIG. 24 is a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described heremn. As illustrated, FIG. 24 provides the
power map of an ophthalmic lens {e.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurahity of light modulating cells incorporated into or on the base lens. The central
optical {¢.g., puptllary} zone 2¢ of the ophthalmic lens is about 5.0 mm 1n diameter and has a
uniform (or sebstantially uniform) power of about -2.00D to correct for the distance
refractive error of a -2 00D myopic eye. Surrounding the central zone, 1s the mid-peripheral
optical zone 2d of about 20 mm m diameter. The mid-peripheral optical zone also has a base

power of about -2.00D . Interspersed throughout the mid-peripheral optical zone 2d are a
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plurality of hight modulating cells. As iHlustrated, the hight modulating cells are circular in
shape. Optically, a first subset of the plurality of the light modulating cclls have an optical
power of about +2.00D {(when combmed with base lens, 0.00D in power). The first subset of
the plurality of the light modulating cells have a diameter of about 0.8 mm. Optically, a
second subset of the plurality of light modulating cells have an optical power of about -0 50D
{when combined with base lens, -2.500 in power). The second subset of the plurality of the
hight modulating cells have a diameter of about 0.8 mm. Light rays passing through the
+2.G0D powered hight modulating cells focus more anteriorly to light rays passing through
the -2 00D base power and light rays passing through the ~0. 50D light modulating cells are
focused more posteriorly compared to Light rays directed through the base optical power (as
well as the +2.00D hight modulating cells). As a result, the lens design ilustrated in FIG. 24
causes the light rays to be focused on at least three different images planes. As further
tHustrated, the lizht modulating cells are positioned in a substantially squared arrangement
that 1s repeated. The distribution of the number of first subset of hight modulating cells to the
second subset of light modulating cells ts aboot 90/10. The peripheral optical zone bevond
the mid-penipheral zone may be uniform in power or may be interspersed with light
maodulating cells in substantially the same {(or ditferent) manuoer to that described herein.
[00158%]  FIG. 25 is a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described heremn. As illustrated, FIG. 25 provides the
power map of an ophthalmic lens {¢.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells incorporated into or on the base lens. The central
optical {¢.g., pupillary} zone 2¢ of the ophthalmic lens is about 5.0 mm 1n diameter and has a
uniform (or sebstantially uniform) power of about -2.00D to correct for the distance
refractive error of a -2 00D myopic eye. Surrounding the central zone, 1s the mid-peripheral
optical zone 2d of about 20 mm m diameter. The mid-peripheral optical zone also has a base
power of about -2.00D . Interspersed throughout the mid-peripheral optical zone 2d are a
plurality of light modulating cells. As tllustrated, the hight modulating cells are circular in
shape. Optically, a first subset of the plurality of the light modulating cells have an optical
power of about +3.50D (when combingd with base lens, +1.50D 1n power). The first subset of
the plarality of the light modulating cells have a diameter of about 1.1 mm. Optically, a
second subsct of the plurality of light modulating cells have an optical power of about -0 30D
{when combined with base lens, -2 50D in power}. The second subset of the plurality of the

light modidating cells have a diameter of about 0.5 mm. Light ravs passing through the
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+3.50D Light modulating cells focus more anteriorly to light rays passing through the -2.00D
base power and light rays passing through the -0.50D light modulating celis are focused more
posteriorly compared to tight rays directed through the base optical power (as well as the
+3.30D light modulating cells). As a result, the lens design llustrated in FIG. 25 caases the
light rays to be focused on at least three different images planes. As further illustrated, the
subset of hight modulating cells are positioned 1n a substantially squared arrangement that
repeats. The distribution of the mumber of first subset of light modulating cells to the second
subset of ight modulanng cells is about 90/10. The peripheral optical zong bevond the mid-
peripheral zone may be uniform in power or may be wterspersed with light modulating cells
mn substantially the same (or different) manner to that deseribed herein.

{00160}  FIG. 26 1s a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described hercin. As illustrated, FIG. 26 provides the
power map of an ophthalmic lens {¢.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells incorporated into or on the base lens. The central
optical {¢.g., pupillary} zone 2¢ of the ophthalmic lens is about 5.0 mm 1n diameter and has a
uniform (or sebstantially uniform) power of about -2.00D to correct for the distance
refractive error of a -2 00D myopic eye. Surrounding the central zone, 1s the mid-peripheral
optical zone 2d of about 20 mm n diameter. The mid-peripheral optical zone also has a base
power of about -2.00D . Interspersed throughout the mid-peripheral optical zone 2d are a
plurality of light modulating cells. As thlustrated, the hight modulating cells are circular
shape. Optically, a first subset of the plurality of the ight modulating cells 10 the mid-
peripheral zone have an optical power of about +2.00D (when combined with base lens,
0.00D 1n power}. The first subset of the plurality of the Hght modulating ¢cells have a diameter
of about 0.8 mm. Optically, a second subset of the plurality of light modulating cells in the
mid-peripheral optical zone have an optical power of about -0.50D (when combined with
base lens, -2.50D in power}. The second subset of the plurality of the hight modulating cells
have a diameter of abowt (.8 mm. Surrcunding the mid-peripheral optical zone 24, 1s the
peripheral optical zone 2e of about 50 mm in diameter. The peripheral optical zone also has a
base optical power of about -2.00D. Interspersed throughout the peripheral optical zone Ze
are a plurality of light modulating cells. As dlhustrated, the hight modulating cells are circular
mn shape. Optically, a first subset of the plurality of the light modulating cells have an optical
power of about +3.500 (when combmed with base lens, +1.50D in power). The first subsct of

the plurality of the light modulating cells have a diameter of about 3 mm. Optically, a second
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subset of the plurality of light modulating cells have an optical power of about -1.00D
resulting 1o relatively more negative power than the base power by about ~-1.00D (when
cornbined with base lens, -3.00D in power). The second subset of the plurality of the hight
modudating cells have a diameter of aboot 2 mun. Light rays passing through the +2.00D light
modulating cells and the +3.50D light modulating cells focus more anteriorly to light rays
passing through the -2 001 base power and light rays passing through the -0.500 light
modulating cells and the -1.00D hght modulating cells are focused more posteriorly
compared to light rays directed through the base optical power (as well as the +2.00D and the
+3.50D light modulating cells). As a result, the lens design iHustrated 10 FIG. 26 causes the
light rays to be focused on at least five different image planes. As further iHlustrated, the
subset of light modulating cells are positioned in a substantially squared arrangement that
repeats. The distribution of the number of first subset of Light modulating cells 1o the second
subset of hight modulating cells in the nid-peripheral optical zone and the peripheral optical
zone is about 90/10.

{80161} FIG. 27 is a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herein. As illustrated, FIG. 27 provides the
power map of an ophthalmic lens (e.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells meorporated into or on the base lens. The central

optical (e.g., puptllary) zone 2¢ of the ophthalmic lens s about 5.0 mm in diameter and has a

uniform {or substantially uniform) power of about ~2.00D to correct for the distance
refractive error of a -2.00D myopic eye. Surrounding the central zone, is the mid-peripheral
optical zone 2d of about 20 mm n diameter. The mud-peripheral optical zone also has a base
power of about -2.00D. Interspersed throughout the mid-peripheral optical zone 2d are a
plurality of hight modulating cells. As illustrated, the light modulating cells are circular in
shape. Optically, a first subset of the plurality of the light modulating cells have an optical
power of about +2 00D (when combined with base lens, 0.00D in power). The first subset of
the plurality of the light modulating cells have a diameter of about 0.8 mm. Optically, a
second subset of the plurality of light modulating cells have an optical power of about -2.00D
{when combined with base lens, -4.00D in power}. The sccond sabset of the plurality of the
hight modulating cells have a diameter of about 0.2 mum. Light rays passing through the
+2.000 powered light modulating cells focus more anteniorly to light rays passing through
the -2.00D base power and light rays passing through the -2.00D hight modulating cells are

focused more posteriorly compared to ight rays directed through the base optical power (as
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well as the +2 00D light modulating cells). As a result, the lens design ilustrated in FIG. 27
causes the light rays to be focused on at least three different images planes. As further
tustrated, all the subset of light modulating cells are positioned n a substantially squared
arrangement that repeats. The distribution of the nomber of the first subset of light
modulating cells to the second subset of light modulating cells is about 90/10. The peripheral
optical zone bevond the mid-peripheral zone may be uniform in power or may be interspersed
with light modulating cells 1n substantially the same {or different) manner to that described
herein.

{06162} FIG. 28 is a power map of an exemplary ophthalmic lens for a myopic eye in
accordance with some embodiments described herem. As illustrated, FIG. 28 provides the
power map of an ophthalmic lens (e.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells mcorporated into or on the base lens. The central
optical (¢.g., puptllary) zone Zc of the ophthalmic lens is about 5.0 pun in diameter and has a
uniform {or substantially uniform) power of about -2.00D to correct for the distance
refractive error of a -2.00D myopic eye. Surrounding the central zone, is the mid-peripheral
optical zone 2d of about 20 mm in diameter. The mid-peripheral optical zone also has a base
power of about -2.00D. Interspersed throughout the mid-peripheral optical zone 2d arc a
plurality of light modulating cells. Ag illustrated, the light modulating cells are circular in
shape. Optically, a first subset of the plurality of the hight modulating cells have a positive
power by of about +2.00D (power m combination with base power is plano). The first subset
of the plurality of the hight modulating cells have a diameter of about 0.2 mm. Optically, a
second subset of the plurality of ight modulating cells have a relatively more negative power
than the base power by about -2 008 (in combination with base lens the power is -4.00D).
The second subset of the plurality of the light modulating cells have a diameter of about 0.2
mm. Light rays passing through the +2 00D Light modulating cclls focus more anteriorly to
light rays passing through the -2 00D base power and hght ravs passing through the -2 00D
light modulating cells are focused more posteriordy compared to hight rays directed through
the base optical power (as well as the +2.00D hight modulating cells). As a result, the lens
design illustrated 1 FIG. 28 causes the light rays 1o be focused on at least three different
mmages planes. As further ilustrated, all the subset of light modulating cells are positioned in
a substantially squared arrangement that repeats. The distribution of the number of first
subset of ight modulating cells to the second subset of ight modulating cells is about 50/50.

The peripheral optical zone beyond the mid-peripheral zone may be uniform i power or may
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be mierspersed with light modulating cells in substantially the same {(or different) manner to
that described herein.

[B8163]  FIG. 29 1s a power map of an exemplary ophthalmic lens for a myopic eve in
accordance with some embodiments described herem. As illustrated, FIG. 29 provides the
power map of an ophthalmic lens {e.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells incorporated into or on the base lens. The central
optical (¢.g., puptllary) zone 2¢ of the ophthalmic lens is about 5.0 mym 1 diameter and has a
gniform (or sebstantially uniform) power of about -2.00D to correct for the distance
refractive error of a -2.00D myopic eye. Surrounding the central zone, is the mid-peripheral
optical zone 2d of about 20 mm m diameter. The mid-peripheral optical zone also has a base
optical power of about -2 00D Interspersed throughout the mid-peripheral optical zone 2d are
a plarality of light modudating cells. As illustrated, the light modulating cells are circular i
shape. Opticaliv, a first subset of the plurality of the light modulating cells have a positive
power by about +2.00D (in combination with base lens, power is plano). Some of the first
subset of the plurality of the light modulating celis have a diameter of about 0.2 mm and
some of the first subset of the plurality of the light modulating cells have a diameter of about
0.8 am. Optically, a second subset of the plurality of ight modulating cells have a relatively
more negative power than the base lens power by about -2.00D (in combination with base
lens, power 1s -4.00D}) . Some of the sccond subset of the plurality of the light modulating
cells have a diamcter of about 0.2 vun and some of the sccond subset of the plurality of the
hight modulating cells have a diameter of about 0.8 mm. Light rays passing through the

+2 00D light modulating cells focus more anteriordy to light rays passing through the -2.00D
base lens power and light rays passing through the -2.00D Hght modelating cells are focused
maore posteriorly compared to light rays directed through the base lens power (as well as the
+2.00D hight modulating cells). As a result, the lens design illustrated in FIG. 29 canses the
light rays to be focused on at least three different images planes. As further illustrated, all the
subset of light modulating cells are positioned 1n a substantially squared arrangement that
repeats. The distribution of the mumber of first subset of light modulating cells to the second
subset of ight modulaning cells is about 50/50. The peripheral optical zong bevond the mid-
peripheral zone may be uniform in power or may be wterspersed with light modulating cells
in substantially the same {or different) manner to that described hercin,

[30164]  FIG. 30 is a power map of an exemplary ophthalmic lens with both concave and

convex hght modidating cells for a myopic eve 1n accordance with some embodiments
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described herein. As llustrated, FIG. 30 provides the power map of an ophthalmic lens {e.g.,
a spectacle lens) of FIG. 2 which comprises a base lens and a plurality of light modulating
cells incorporated mio or on the base lens. The central optical {e.g., pupillary) zone 2¢ of the
ophthalmic fens 15 about 5.0 mn in diameter and has a uniform (or substantially uniform)
power of about -2.00D to correct for the distance refractive error of a -2 00D myopic eve.
Surrounding the central zone, is the mid-peripheral optical zone 2d of about 20 mm in
diameter. The mud-peripheral optical zone also has a base power of about ~2.00D.
Interspersed throughout the mid-peripheral optical zone 2d are a plurality of light modulating
cells. As lustrated, the light modulating cells are circular in shape. Optically, a first subset of
the pluraiity of the light modulating cells have a positive power by about +3.50D (in
combination with base lens, power is +1.50D). The first subsct of the plurality of the hght
modulating cells have a diameter of about 0.8 mm. Optically, a second subset of the plurality
of light modulating cclis bave a negative power by about -3 50D (in combination with base
lens, power 1s -5.50D). The second subset of the plurality of the light modulating cells have a
diameter of about 0.8 mm. Light ravs passing through the +3.50D light modulating cells
focus more anteriorly to light rays passing through the -2 00D base lens power and light rays
passing through the -3.500 light modulating cells arc focused more posteriorly compared to
light rays directed through the base lens power (as well as the +3.50D light modulating cells).
As aresult, the lens design illustrated in FIG. 30 causes the light rays to be focused on at least
three different images plancs. As further illusirated, all the subset of hight modulating cells
are positioned 1n a substantially squared arrangement that repeats. The distnbution of the
number of first subset of light modulating cells to the second subset of light modulating cells
is about 10/90. The peripheral optical zone beyond the mid-peripheral zone may be uniform
mn power or may be ierspersed with light modulating cclls in substantially the same (or
different) manner to that described herein.

[00165]  FIG. 31 1is a power map of an exemplary ophithalmic lens for a myopic eye with
multifocal light modulating cells in accordance with some embodiments described herein. As
iHustrated, FIG. 31 provides the power map of an ophthalmic lens (e.g., a spectacle lens) of
FIG. 2 which comprises a base lens and a plurabity of multifocal hight modulating cells
meorporated into or on the base lens. The central optical {e.g., puptllary} zone 2¢ of the
ophthalmic lens is about 5.0 mm in diameter and has a uniform {or substantially uniform}
power of about -2.00D to correct for the distance refractive ervor of a -2.00D myopic eve.

Swrrounding the central zone, 1s the mid-peripheral optical zone 2d of about 20 mm in
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diameter. The mud-peripheral optical zone also has a base power of about -2.00D.
Interspersed throughout the mid-peripheral optical zone 2d are a plurality of multifocal light
modulating cells. As illustrated, the light modulating cells are circular in shape. The
multifocal light modulating cells have a variable power, with a portion of the multifocal light
modulating cells having a negative power of about -0.50D (in combination with base lens,
power 1s -2.50D} and a portion of the multifocal hight modulating cells having a positive
power of about +2.00D (1n combination with base lens, power 1s 0.0003). As a result, the lens
design illustrated 1 FIG. 31 causes the light rays 1o be focused on at least three different
mmages planes. As further ilhustrated, the light modulating cells are positioned in a
substantially squared arrangement that repeats. In some embodiments, the multifocal hight
modulating cells may be oriented in the same manner {as shown in FIG. 31) and in some
embodiments, the multifical light modulating cells may be onented in different orientations
{(sce, ¢.g.. FIG 32) and n some embodiments, in addition to the multifocal light modulating
cells there may be positive and/or negative powered light modulating cells (see, ¢.g., FIG 33).
In some embodiments, the multifocal light modulating cells on one portion of the lens may be
a mirror image of the multifocal hight modulating cells on the opposite portion of the lens.
The peripheral optical zone bevond the mid-peripheral zone may be uniform in power or may
be mterspersed with Light modalating cclls in substantially the same {or different} manner to
that described herein.

[00166]  FIG. 34 is a power map of an excmplary ophthalmic lens for a myopic eye in
accordance with some embodiments desernibed herem. As illustrated, FIG. 34 provides the
power map of an ophthalmic lens {g.g., a spectacle fens) of FIG. 2 which comprises a base
tens and a plurality of light modulating cells incorporated into or on the base fens. The central
optical {¢.g., pupillary} zone 2¢ of the ophthalnic lens is about 5.0 mm in diareter and has a
uniform (or substantially uniform} power of about -2.00D {0 correct for the distance
refractive error of a -2.00D myopic eve. Swrrounding the central zone, is the mid-peripheral
optical zone 2d of about 20 mm in diameter. The mid-peripheral optical zone alsc has a base
power of about -2.00D. Interspersed throughout the mud-peripheral optical zone 2d are a
plurality of hight modulating cells. As iHlustrated, the hight modulating cells are circular in
shape. Optically, a first subset of the plurality of the light modulating cells in the inferior half
of the mid-peripheral zone on the front surface of the ophthalmic lens have a positive power
bv about +3.50D (in combination with base lens, power is +1.500). The first subset of the

plurality of the ight modulating cells have a diameter of about 0.8 mm. Optically, a second
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subset of the plurality of light modulating cells 1n the superior half of the mid-peripheral zone
on the back surface of the ophthalmic lens have a positive power by about +2.000 (in
combination with base lens, power 1s planoD)} and negative light modulating cells by about -
0.50D {(in combination with base lens power is -2 50D}, The second subset of the plurality of
the hght modulating cells vary in diameter with about 0.8 mm for posifive and plano light
modulating cells and 0.5mm for negative light modulating cells. Light rays passing through
the +3.500 light modulating cells focus more anteriorly to hight ravs passing through the

+2 00D light modulating cells and -2 00D base lens power and light ravs passing through the
-0.50D light modulating cells are focused more posteriorly compared to light rays directed
through the base lens power {as well as the +3.50D and +2 .00DD light modulating cells). Ag
aresult, the lens design illustrated in FEG. 34 causes the light rays to be focused on at least
four different images planes. As fusther iHustrated, all the subset of light modulating cells are
positioned in a substantially squared arrangement that repeats. The distribution of the number
of first subset of Hight modulating cells to the second subset of light modulating cells is about
50/50. The peripheral optical zone beyond the mid-penipheral zone may be uniform in power
or may be mterspersed with hight modulating cells in substantially the same {or different}
manner to that described herein.

[08167]  FHG 35 15 a schematic of an exemplary ophthalmic lens with both concave and
convex hght modidating cells on the front surface of the ophthalmic lens in accordance with
some embodiments described herein. As illustrated in FIG. 35, the light modulating cells are
positioned on the surface of the ophthalmic lens {¢.g. spectacle lens Z¢}. The central optical
{c.g., pupillary} zone 2c¢ of the ophthalmic lens is about 5.0 mum in diameter and has a
uniform {or substantially vaniform) power of about -2.00D to correct for the distance
refractive error of a -2 00D myopic eye. Surrounding the central zone, 1s the mid-penpheral
optical zone 2d of about 20 mm m diameter. The mid-peripheral optical zone also has a base
power of about -2.00D . Interspersed throughout the mid-peripheral optical zone 2d are a
plurality of light modulating cells. In some embodiments, the concave hight modulating cclis
3b may have a relatively more negative power than the base lens power of the Iens 3a. In
some embodiments, the light modulating cells may be a multifocal hight modulating cell (3¢}
with a portion of the light modulating cell relatively more positive than the base lens power
and other portion of the light modulating ccll that is relatively more negative than the base
lens power. In some embodiments, the convex light modulating cells 3d may have a relatively

more positive power than the base lens power of the lens 3a.
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{80168} FIG. 36 1s a schematic of an exemplary ophthalmic lens with concave, multifocal
and convex hight modulating cells embedded in the lens matrix of the ophthalnuic lens in
accordance with some embodiments descnibed herein. As illustrated m FIG. 36, the hght
modulating cells are embedded in the lens matnx of the ophthalmic lens {g.g. spectacle lens
2¢}. The central optical {e.g., pupttary} zone 2¢ of the ophthalmic lens 1s about 5.0 mmin
diameter and has a wniform {or substantially uniform) power of about -2.00D to correct for
the distance refractive error of a -2.00D myopic eye. Surrounding the central zone, 1s the nud-
peripheral optical zone 2d of about 20 mm in diameter. The mid-peripheral optical zone also
has a base power of about -2.00D. Interspersed throughout the mid-peripheral optical zone 2d
arc a plurality of hight modulating cells. In some embodiments, the light modulating cells may
be positioned between the ophthalmic lens 4a and an offset layer 4e. In some embodiments,
the light modulating cells may be positioned between the ophthalmic lens and a coating. In
some cmbodiments, the coating may be an anti-scratch coating, anti-reflective coating or a
hight wavelength absorbing coating. In some embodiments, the concave light modulating
cells 4b may have a relatively more negative power than the base power of the lens 4a. In
some embodiments, the light modulating cells may have a variable {multifocal) power (4¢)
with a portion of the light modulating cell relativelv more positive than the base lens power
and other portion of the ight modulating cell that 1s relatively more negative than the base
lens power In some embodiments, the convex light modulating cells 4d may have a relatively
more positive power than the base power of the lens 4a.

100169} FIG. 37 18 a magnified schematic of an exemplary ophthalmic lens with both
concave and convex hight modulating cells on the front surface of the ophthalmic lens to
tHustrate light directed through the spectacle lens focused at multiple planes at the retina 1n
accordance with some embodiments described herem. As illustrated in FIG. 37, the hght
modulating cells are positioned on the surface of the ophthalmic lens (e.g. spectacle lens) but
may also be embedded in the ophthalmic lens. In some embodiments, hight may pass through
the lens 1 one or more of {or all of) a portion of the ophthalmic lens with a base power 6a, a
portion of the ophthalmic lens with a concave hight modulating cell 6¢, and a portion of the
ophthalmic lens with a convex light modulating cell 6b. As illustrated, i some cmbodiments,
light rays passing through the different portions of the ophthalmic lens 6a, 6b, and 6¢ may be
focused on corresponding image planes 7a, b, and 7¢. The base power portion of the
ophthalmic lens 6a may cause light to focus on the image plane 7a. As illustrated, m some

embodiments, the image plane 7b in front of (anterior to) the image plane 7a may correspond
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to the light passing through the convex (relatively more positive power than the base power)
light modulating cells of the ophthalmic lens. As illustrated, 1n some crbodiments, the image
plane 7¢ behind (posterior to) the image plane 7a may correspond to the light passing through
the concave {relatively more negative power than the base power) light modulating cells of
the ophthalmic lens.

[001708]  FIG 38 1s a magnified schematic of an exemplary ophthalmic lens with both
concave and convex hight modulating cells on the front surface of the ophthalmic lens, 1¢.a
contact lens(8} to tllustrate light directed through the contact lens focused at multiple planes
at the retina in accordance with some embodiments described herein. As iliustrated 1n FIG.
38, the hight modulating cells are positioned on the surface of the ophthalmic lens (e.g.
contact lens) but may also be embedded 10 the contact lens. In some embodiments, light may
pass through the lens in one or more of {or all of) a portion of the ophthalmic lens with a base
power 8a, a portion of the ophthalmic lens with a concave light modulating cell 8¢, and a
portion of the ophthalmic lens with a convex light modulating cell 8b. As illustrated, in some
embodiments, light ravs passing through the different portions of the ophthalmic lens 8a, 8b,
and 8¢ may be focused on corresponding image planes 7a, 7b, and 7¢. The base power
portion of the ophthalmic lens 8a may cause hight to focus on the image plane 7a. As
tlustrated, in some embodiments, the image plane 7b i front of {anterior to) the nmage plane
7a may correspond to the light passing through the convex (relatively more positive power
than the base power) light modulating cells of the contact lens. As tllustrated, in some
embodiments, the image plane 7¢ behind (posterior to) the image plane 7a may correspond to
the light passing through the concave (relatively more negative power than the base power)
light modulating cells of the contact lens.

{00171} FIG. 39 is a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herein. As illustrated, FIG. 39 provides the
power map of an ophthalmic lens (e.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells imcorporated into or on the base lens. The central
optical (¢.g., puptllary) zone 2¢ of the ophthalmic lens is about 5.0 mym 1 diameter and has a
uniform {or substantially uniform) power of about -2.00D to correct for the distance
refractive error of a -2.00D myopic eye. Surrounding the central zone, is the mid-peripheral
optical zone 2d of about 20 mum in diameter. The mid-peripheral optical zove has a base
power of about -1.00D. Interspersed throughout the mud-peripheral optical zone 2d are a

plurality of light modulating cells. Ag illustrated, the light modulating cells are circular in
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shape. Optically, the plurality of the light modulating cells have a positive power by about
+1.00 (in combination with base lens peripberal zone, power is plano 13}, The plurality of
the hight modulating cells have a diameter of about 0.8 mm. Light rays passing through the
+1.00D light modulating cells focus more anteriorly to hght rays passing through the -1.00D
mid-peripheral zone and -2.00D base lens power. As a result, the lens design itlustrated in
FI1G 39 causes the hight rays to be focused on at least three differcnt tnages plancs. The
peripheral optical zone beyond the mid-peripheral zone may be uniform in power and may be
similar in power to the mid-peripheral zone and may be mnterspersed with light modulating
cells in substantially the same (or different) manner o that described herein.

{0172} FIG. 40 is a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described heremn. As illustrated, FIG. 40 provides the
power map of an ophthalmic lens {¢.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells mcorporated into or on the base lens. The contral
optical (¢.g., puptllary) zone 2¢ of the ophthalmic lens is about 5.0 mym 1 diameter and has a
uniform {or substantially uniform) power of about -2.00D to correct for the distance
refractive error of a -2.00D myopic eye. Surrounding the central zone, is the mid-peripheral
optical zone 2d of about 20 mum in diameter. The mid-peripheral optical zove has a base
power of about -2.00D similar to that of the central zone. Interspersed throughout the mid-
peripheral optical zone 2d arc a plurality of ight modulating cells. As tllustrated, the light
modulating cells are cireular in shape. Optically, the plurality of the light modulating cells
have a positive power by about +3.50D (in combination with base lens, power is +1.30D).
The plurality of the light modulating cells have a diameter of abouot 0.8 mm. Light rays
passing through the +3.500 light modulating cells focus more anteniosly to light ravs passing
through the -2.00D base lens power. The phurality of light modulating cells arc surrounded or
enveloped by a zone (envelope zone), the power of which is different to that of the base
power or the power of the light modulatng cell. In FIG 40, the envelope zones are circular in
shape and have a power of +2.00D (1o combination with the base lens, power is planc). Asa
result, the lens design itustrated in FIG. 30 causes the hight ravs to be focused on at least
three different images planes. The peripheral optical zone beyond the mid-peripheral zone
may be uniform in power and may be stmilar in power to the mid-peripheral zone and may be
mterspersed with light modulating cells in substantially the same (or different) manner to that

described herem.
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180173} FIG. 41 1s a power map of an exemplary ophthalmic lens for amyopic eye in
accordance with some embodiments described herem. As illustrated, FIG. 41 provides the
power map of an ophthalmic fens {¢.g., a spectacle lens) of FIG. 2 which comprises a base
lens and a plurality of light modulating cells mcorporated into or on the base lens. The central
optical (e.g.. puptllary) zone Zc of the ophthalmic lens is about 5.0 mim in diameter and has a
uniform {or substantially uniform) power of about ~2.00D to correct for the distance
refractive error of a -2.00D myopic eye. Surrounding the central zone, is the mid-peripheral
optical zone 2d of about 20 mm in diameter. The mid-peripheral optical zone has a base
power of about -2.00D similar to that of the central zone. Interspersed throughout the central
and mid-peripheral optical zone 2d are a plurality of light modulating cells. As llustrated, the
light moduldating cells are circular in shape. Optically, a first subset of the plurality of the
light modulating cells have an optical power of +1.50D (when combined with base lens, the
resultant power is -0.500). Optically, a second subset of the plurality of light modulating
cells have an optical power of -0.50D (when combined with base lens, the resuitant power is -
2.50D). Light rays passing through the +1.50D light modulating cells focus more anteriorly
to hight rays passing through the -2 00D base lens power and light rays passing through the -
0.500 light modulating cells are focused more posteriorly compared to light rays directed
through the base optical power (as well as the +1.50D light modulating cells). As a result, the
lens design lustrated in FIG. 41 causes the light ravs to be focused on at least three different
mmages planes. As further ilhustrated, the subsets of light modulating cells are positioned in a
substantially squared arrangement that 1s repeated. The distribution of the first subset of light
modulating cells to the second subset of light modulating cells is about 530/50. Furthermore,
the mid-peripheral optical zone comprises a ring with a power of about +2.00D (combined
with base power: plano). Thus some of the light modulating cells may be surrounded or
overlapped or conjoined to a side by the concentric zone. The peripheral optical zone bevond
the mid-peripheral zone may be uniform in power and may be similar in power to the mid-
peripheral zone and may be interspersed with light modulating cells in sobstantially the same
{or different} manner to that described herein.

[86174]  FIG. 42 15 a schematic of an exemplary ophthalmic lens with a base lens and light
modulating cells incorporated on the lens and an eye corrected with the ophthalmic lens in
accordance with some embodiments described herein. In some embodiments, the ophthalmic
lenses and/or method descnibed herein may utilize ight modulating cells whereby one or

more of the focal lengths, or focal powers of the light modulating cells may be selected to
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place their corresponding focal plane(s} near to, about, or in the vicinity of an entrance pupil
of an ¢ve to deliver reduced contrast. In FIG. 42, a schematic of an exemplary ophthalmic
lens 321 with a base lens 322 and light modulating cells 323 mcorporated on the lens and an
eve 320 corrected with the ophthalmic lens 15 shown m accordance with some embodiments
described herein. FIG. 42 shows hight rays 324 incident on and refracted by one light
modulating cell 325. The focal length of light modulating ccli 323 is selected to place s
focal plane 326 near to the entrance pupil 327 of eve 320. The entrance pupil of the eye is the
pupl {(formed by the aperture opening of the iris) of the eve as seen by observers logking mto
the eye. That is, it is the apparent pupi! as seen by the observer due to the optical component
{for example, the cornea) of the eve 1 front of the ins/pupil.

[8175] FIG. 43 is a schematic of an exemplary ophthalmic lens with a base lens and light
modulating cells in accordance with some embodiments descabed herein. fn some
embodiments, the ophthalmic lenses and/or method described herein may utilize light
modulating cells, wherein the substantially positive or negative or zero powered cell may
have a power profile that is constantly variable and non-monotonic across the light
modulating cell. In some embodiments, the maxima of the power profile may be more
negative in refractive power than the base power (FIG 43a) or the minima of the power
profile may be more positive than the base power {FIG 43b) or the average of the maxima
and minima may be about the same as the base power.(FIG 43¢} In some embodiments, the
continuoushy varying power protile may vary in a peniodic or apenodic fashion. The
continuously varying power profile may be formed by a senes of changing curvatures or may
be formed by meorporation of one or more higher order aberrations or a combination of the
above.

{00176] FIG. 44 15 a schematic of an exerplary ophthalmic lens with a base lens and light
modulating cells m accordance with some embodiments described herein. In some
embodiments, the ophthalmic lenses and/or method described herein may atilize light
modulating cells, wherein the light modulating cell may also diffise light inn addition to
directing light to one or more planes. The light modulating cell may be refractive and formed
by one or more higher order aberrations or may be formed by Light scattering features ora
combination of both.

[00177F  FIG. 45 15 a schematic of an exemplary ophthalmic lens for a myopic eve in
accordance with some embodiments descnbed herein. As tllustrated, FIG. 45 provides the

power map of an ophthalmic lens (e.g., a spectacle lens) of FIG. 2 which comprises a base
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lens and a plurality of light modulating cells incorporated mio or on the base lens. The central
optical {¢.g., pupillary} zone 2¢ of the ophthalnic lens is about 5.0 mm in diareter and has a
uniform (or substantially uniform} power of about -2.00D {0 correct for the distance
refractive error of a -2.00D myopic eve. The mid-peripheral optical zone 2d of the
ophthalmic lens incorporates two rings with a power of about +1.00D {combined with base
power : -1.0D). Interspersed throughout the rings are a plurality of light modulating celis. As
iHustrated, the hight modulating cells are circular 10 shape. Optically, the plurality of the light
modulating cells have an optical power of +3 50D (when combined with base lens, the
resultant power is +2.50D). As a result. the lens design dlustrated in FIG. 45 causes the light
rays to be focused on at least three ditferent images planes.

[06178]  Further advantages of the claimed subject matter will become apparent from the
following cxamples describing some embodiments of the claimed subject matter. In some
embodiments , one or more than one (including for instance all) of the following further

embodiments may comprise each of the other embodiments or parts thereof.

Examples:

[B6179] Al An ophthalmic lens comprising: a base lens; and a plurality of multifocal light
modulating cells.

[08186] A2 An ophthalmic lens comprising: a base lens configured to direct light to a first
mmage plane; and a plurality of multifocal light modulating cells, wherein one or more of the
plurality of multifocal hight modulating cells refract light to at least two 1mage planes,
different from the first image plane.

{06181} A3 An ophthalmic lens comprising: a base lens configured to direct Hght to a first
and a second tmage plane; and a plurality of multifocal light modulating cells, wherein one or
more of the plurality of multifocal light modulating cells refract light to at least two image
planes, different from the first and second 1image plane.

1061821 A4 An ophthalmic lens comprising: a base lens configured to direct light to a first
image plane; a plurality of positively powered hight modulating cells having a power that
varies from 0.50 to 5D to refract ight to one or more image planes located anteriorly relative
to the first image plane; and a plurality of negatively powered light modulating cells having a
power that varies from -0.5D to —3D to refract light to one or more image planes located

posteriorly relative to the first image plane.
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[86183] AS. An ophthalmic lens comprising: a base lens configured to direct light to a first
wmage plane; and a plurality of hght modulating cells, wherein one or more of the plurality of
hight modulating cells refract hight to one or more image planes, different from the first image
plane.

{06184] A6 The ophthalmic lens of any of the A examples, wherein one or more of the
plurality of light modulating cells refract light to a sccond image plane different from the first
mmage plane and/or one or more of a plurality of light modulating cells refract hight to a third
image plane different from the first and sccond image planes.

{86185] A7 The ophthalmic lens of any of the A examples, wherein the plurality of light
modulating cells are configured to refract light to at least two {e.g., 2, 3. 4, 3, or 6} image
planes, different from the first image plane.

106186] A% The ophthalmic lens of any of the A examples, wherein at least one of the
plurality of light modulating cells 15 configured to refract light to at least two (e.g., 2, 3, or 4)
mmage planes, different from the first image plane.

{80187} A9 The ophthalmic lens of any of examples A6-A8, wherein at least one of the
second image plane and the third tmage plane is located anteror to first image plane.

{00188]  A10. The ophthalmic lens of any of cxamples A6-A9, wherein at least one of the
second image plane and the third image plane is located posterior to first image planc.
{00189}  All The ophthalmic lens of any of the A examples, wherein one or more of the
plurality of hight modulating cells have a diameter that ranges from about 20 microuns to about
3 mum.

180190} AlZ2 The ophthalmic lens of any of the A examples, wherein one or more of the
plurality of light modulating cells have a power that is relatively more positive {¢.g., convex
in surface shape) relative to a power of the base surface.

{00191} A3, The ophthalmic lens of any of the A examples, wherein at least a portion of
the plurality of light modulating cells have a power that s relatively more negative {e.g.,
concave in surface shape) as compared to the surrounding surface area.

[86192] A14. The ophthalmic lens of any of the A examples, wherein the plurality of light
modulating cells are located in any combination of one or more of a central optical portion, a
mid-peripheral optical zone, and a peripheral optical zone.

{01937 Al5. The ophthalmic lens of any of the A examples, wherein a fill ratio ot the
light modulating cells to the total surface arca ot the ophthalmic lens {¢.g., ratio of the total

surface area of the light modulating cells 1o the total surface area of the ophthalmic lens) 1s
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about 3%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%, 70%, 75%,
80% or 83% (c.g., at least 5%, 109%, 15%, 20%, 25%, 30%. 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80% or 85% or between 5-13%, 20-30%, 35-45%, 40-50%, 45-55%,
60-70%, 70-75%, 70-80% or 75-85%).
{00194}  Al16. The ophthalmic lens of any of the A examples, wherein fill ratio of the hight
modulating cells to the surface arca corresponding to any of a central optical zone, a mid-
peripheral optical zone, or a peripheral optical zone {e.g., ratio of the total surface area of the
hight modulating cells to the total surface area of the relevant zone) 1s about 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 33%, 60%, 65%, 70%, 75%, 80% or 85% {c.g., at
feast 3%, 10%, 13%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80% or 85% or between 5-15%, 20-30%, 35-45%, 40-50%, 45-55%, 60-70%, 70-75%, 70-
B0% or 75-85%:).
{00198} Al7. The ophthalmic lens of any of the A examples, wherein the diameter of the
plurality of hight modulating cells vanes between about 20 microns and about 3mms e.g.,
between about 20-100 microns, 100-200 microns,. 200-300 mucrons, 300-400 microns, 4060-
500 microns, 300-600 microns, 600-700 microns, 700-800 microns, 800-900 microns, 900
microns — o, -1 mo, 1.1-12 ovm, 1.2-13 mam, 1.3-1.4 mm, 1.4-1.5 num, 1.5-1.6 am,
1.6-1.7mwm, 1.7-1 & mm, 1 8-} 9 mum, 192 mum, 2-2. 1 mm, 2.1-2.2 mm, 2.2-2.3 mm, 2.3-2.4
mun, 2.4-2.5 mm, 2.5-2.6 mm, 2.6-2.7 mm, 2.7-2.8 mm, 2.8-2.9 mn, 2.9-3 mun}.
[00196]  Al8. The ophthalmic lens of any of the A examples, wherein the diameter of one
or more light modulating cells m the central optical zone is between about 20 microns and
about 1000 microns (g.g., between about 20-60 microns, 40-80 microns,. 60-100 microns, 80-
120 microns, 100-140 microns, 120-160 microns, 140-180 microns, 160-200 microns, 180-
220 microns, 200-240 microns, 220-260 microns, 240-280 microns, 260-300 microns, 280-
320 microns, 300-340 nucrons, 320-360 microns, 340-380 microns, 360-400 microns, 20-100
microns, 100-200 microns,. 200-300 microns, 300-400 microns, 400-500 microns, 300-600
microns, 600-700 microns, 700-800 microns, 800-900 microns, 900-1000 microns).
[86197] A19. The ophthalmic lens of any of the A examples, wheren the diameter of one
or more light modulating cells in the mid-peripheral optical zone is between about 20 microns
and about 2 mm {¢.g., between about 20-100 microns, 100-200 microns,. 200-300 microns,
300-400 microns, 400-300 microns, 500-600 microns, 600-700 microns, 700-800 microns,

800-900 mucrons, 900 nucrons — T mm, -1 1 mm, 1.1-1.2mm, 1.2-13 mm, 1 3-1 4 mm, 1 4-
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15mm, F5-16mm, 1.6-1.7 mm, 1.7-1. 8 mm, 1.8-1.9mm, 1.9-2 mm, 1-1.5 mm, 1.5-2 mm,
300 microns -1 mum, 100-300 microns).

{00198} A20. The ophthalmic lens of any of the A examples, wherein the diameter of one
or more light modulating cells in the peripheral optical zone is between about 20 microns and
about 3 mums {e.g., between about 20-100 microns, 100-200 microns,. 200-300 microns, 300-
400 microns, 400-300 microns, 500-600 microns, 600-700 microns, 700-800 microns, 800-
800 microns, 200 microns — L mm, 1-1. 1 moy, 11-1.2 mum, 1.2-1 3 mm, £.3-1 4 mm, 1.4-1.3
mm, 1.5-1.6 mm, 1.6-1.7mm, 1.7-1.8 mim, 1.8-1 9 mm, 1.9-2 mm, 2-2.1 mm, 2.1-2.2 mm,
22-23mm, 2.3-24 mm, 24-2 5 om, 2.5-2. 6 mm, 2.6-2.7 mm, 2.7-2 8mm, 2.8-2.9 mm, 2 9-
3 mm).

{00199} A21. The ophthalmic lens of any of the A examples, wheretn the diameter of the
plurality of light modulating cells in a particular optical zone may vary between the ranges
described above {e.g., a first one or more of the plurality of light modulating cells has a first
diameter and a second one or more of the plurality of hight modulatmg cells has a second
diameter).

10620¢] A22 'The ophthalmic lens of any of the A examples, whergin the plurality of light
maodulating cells are separated from one another {or abut one ancther).

{00281}  A23. The ophthalmic lens of any of the A examples, wherein one or more of the
plurality of ight modulating cells {e.g., a first one or more of the phurality of hight modealating
cells and/or a second one or more of the plurality of light modulating cells) arc positioned on
the ophthalmic lens in a square, hexagonal or any other suitable arrangement {c.g., a
repeating pattern corresponding to a square, hexagonal or any other suitable arrangement).
1062021 A24 The ophthalnic lens of any of the A examples, wherein the power of the
plurality of light modulating cells varies fron about -3 1o +5D {e.g., about -3D, -2.5D, -2D,
-1.5D, <10, -0.5D, +0.5D, +10, +1.5D, 12D, +2.50, +3D, +3.5D, +4D, +4 5D, +53D) in any
combination of one or more of a central optical zone, a mid-peripheral optical zone, and a
peripheral optical zone.

[86203]  A25. The ophthalmic lens of any of the A examples, wherein the distnibution of
the number of the negative power and positive power light modulating cells on the
ophthalmic lens (¢ g, the ratio of the number of positive power light modulating el o
negative power hght modulating cells) varies from about 95/3; 90/10/, 85/15, 80/20, 75/25,
T0/30, 65/35, 60/40, 55/45, 50/50, 45/55, 40/60, 35/65, 30/70, 25/75, 20/80, 15/85, 10/90,
5/95, or 0/100.

K5~
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180284} A26. The ophthalmic lens of any of the A examples, wherein one or more of the
plurality of light modulating cells have a shape corresponding to at least one of a circle, oval,
semu-~-circular, hexagonal, square or other suitable shape.

{00205}  A27. The ophthalmic lens of any of the A examples, wherein the ophthalmic lens
comprises a central optical zone that is substantially circular in shape, a mid-peripheral
optical zone that is substantially anmular in shape and located around the central optical zone,
and/or a peripheral optical zone that is substantially annular 10 shape and located around the
mid-peripheral optical zone.

{06206] A28 'The ophthalmic lens of any of the A examples, wherein the plurality of light
modulating cells are located in a mid-peripheral optical zone, and wherein a first one or more
of the plurality of light modulating cells has a first diameter and a first power and the second
one of more of the plurality of light modulating cells has a second diameter and a second
power.

100207} AZ9. The ophthalmic lens of example A28, wherein the first power 1s relatively
positive than a power of the base lens and the second power is relatively negative than a
power of the base lens.

{00208  A30. The ophthalmic lens of example A28, wherein the first power is relatively
positive than a power of the base lens and the second power 1s relatively more positive than
the first power and the power of the base lens.

[0620%]  A31. The ophthalmic lens of example A28, wherein the first power is relatively
negative than a power of the base lens and the second power 1s relatively more negative than
the first power and the power of the base lens.

{80216} A32. The ophthalmic lens of any of the A examples, wherein, the ophthalmic lens
is configured to be used for correcting, slowing, reducing, and/or controlling the progression
of myopia.

{80211} A33. The ophthalmic lens of any of the A examples, wherein the ophthalmic lens

1s a spectacle lens.

[86212] Bl An ophthalmic lens comprising: a base lens with a corresponding first image
plane; and one or more light modulating zones with one or more light modulating cells;
wherein light passing through the light modulating zone results in a through focus light
distribution across the first image plane and one or more image planes different to the first

mmage plane.
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[86213] B2 The ophthalmic lens of example B1, wherein one or more of the plurality of
light modulating cells are refractive in nature.

{30214}  B3. The ophthalmic lens of example Bl to B2, wheremn the one or more refractive
hight modulating cells have a refractive power that 1s zero or not different relative to the
refractive power of the base lens.

[66215] B4, The ophthalmic lens of any of example B1 to B2, wherein the plurality of
light modulating cells are negative m power relative to the base lens power.

[86216] BS. The ophthalmic lens of any of the example Bl to B2, wherein the plurality of
light modulating cells are positive in power relative to the base lens power.

{30217} B6. The ophthalmic lens of anv of the example B1 to B2, wherem one or more of
the plurality of hight modulating cells have more than one focal power.

106218]  B7. The ophthalmic lens of examples Bl tc B6, wherein a proportion of the
through tocus light distribution for light transmitted through the hight modulating cclt zone is
anterior to the first image plane.

[86219] BB The ophthalmic lens of example Bl to B6, wherein a proportion of the
through focus hight distribution for light transmitted through the light modulating celi zone is
posterior to the first image plane.

[66228] BO. The ophthalnnc lens of examples Bl to BS, whercin a proportion of the
through focas light distribation for light transmitted through the hght modalating cell zone is
both anterior and posterior to the first image plane.

{66221} BI0O. The ophthalmic lens of examples Bl to B9, wherein a proportion of the
through focus hght distribution that is either anterior or posterior to the first image plang 1s
about >20%.

{66222} Bl The ophthalmic lens of examples Bl to B9, wherein a proportion of the
through focus light distribution that is either anterior or posterior to the first image plane is
about >30%.

1062231  B12 The ophthalmic lens of example B1, wherein one or more of the plurality of
hight modulating cells are diffractive in nature.

180224} BI13. An ophthalmic lens comprising: a base lens with a first power and a
corresponding first image plane; one or more light modulating cell zones with a plurality of
light modulating cells that are negative in power relative to first power; wherein light

transmitted through the ophthalmic lens results in a through focus light distribution spread

Ny
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across the first image plane, one or image planes anterior to the first image plane and one or
image plancs posterior o the first image plane.

[B06225] B4, An ophthalmic lens comprising: a base iens with a first power and a
corresponding first image plane; one or more Hght modulating cell zones with a plurality of
light modulating cells that are positive in power relative to first power wherein light
transmitted through the ophthalmic lens results in a through focus light distribution spread
across the first image plane, one or image planes anterior to the first image plane and one or
mmage planes posterior to the first image plane.

{86226} B15. An ophthalmic lens for the eve of an individual comprising: a base leng
coraprising a first zone with a first power based on the refractive error of the ¢ve; a second
zone with a second power that is relatively positive compared to the first power; a plurality of
light modulating cells on the second zone. and wherein hight transmitted through the
ophthalmic lens results i 2 through focus light distribution spread across the first image
plane, one or image planes anterior to the first image plane and one or tmage planes posterior
to the first image plane.

{86227} B16. The ophthalmic lens of example B15, wherein the second power is non-
uniform across the sccond zone.

[00228] B17. The ophthalmic lens of example B15 to B16, wherein the non-uniform
power from the inmer edge to the outer edge of the second zone may comprise ong or more of
mereasing, decreasing Or non- MOBOONIC POWETS.

060229} BIS. The ophthalmic lens of example B15 and B17 wherein one or more of the
plurality of light modulating cells are refractive m nature.

{80236} B19. The ophthalmic lens of example B15 to B18, wherein the one or more
refractive light modulating cells have a refractive power that s zero or not different relative
to the refractive power of the base lens.

[66231] B20. The ophthalmic lens of any of example B15 to B19, wherein the plurality of
light modulating cells are negative in power relative to the base lens power.

[66232] B2l The ophthalmic lens of any of the example Bi5 to B19, wherem the plurality

of light modulating cells are positive in power relative to the base lens power.
002337 C1. Anophthalmic lens contigured to be used for correcting, slowing, reducing,

and/or controlling the progression of mvopia comprising: a base lens configured to divect

light to at least a first image plane; a central optical zone that 1s centrally located and
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substantially circular in shape; a mud-peripheral optical zone that 1s substantially anmudar in
shape and located around the central optical zone; a peripheral optical zone that is
substantially annular in shape and located around the mid-peripheral optical zone; and a
plurality of light modulating cells located in at least one or more of the central, mud-
peripheral or peripheral optical zone, wherein one or more of the plurality of light
modulating cells are configured to direct light to one or more image planes anterior to the
first image plane; and wherein one or more of the plurality of light modulating cells are

configured to direct light to one or more image planes posterior to the first image plane.

[66234] D1. An ophthalmic lens comprising: a base lens for directing hight 1o at least a first
plane; and a plorality of light modulating cells in at least one hight modulating cell zone;
wherein the ophthalmic lens is configured such that light transmitted through the at least one
fight modulating cell zone results in a through focus light distribution (TFLD) that extends to
ong or more additional planes i at least one of a posterior (hyperopic defocus) and/or
anterior {myopic defocus) direction relative to the first plane.

{86235] D2 An ophthalmic lens comprising: a base kens; and a plurality of light
maodulating cells in at least one light modulating cell zone; wherein the base lens is
configured to direct light to at least a first image plane and the plurality of light modulating
cells are configured to direct light to one or more image planes located posteriorly (hyperopic
defocus) and/or anteriorly (myopic defocus) relative to the first image plane.

[86236] D3. An ophthalmic lens comprising: a base lens; and a plurality of light
modulating cells in at least one light modulating cell zone for correcting, slowing, reducing,
and/or controlling the progression of eye growth by directing or shifting light to one or more
planes; wherein the base lens is configured to direct light to at least a first image plane and
the plurality of light modulating cells are configured to direct hight to one or more image
planes located posteriorly (hyperopic defocus) and/or anteriorly (myopic defocus) relative to
the first image plane.

{86237} D4. The ophthalmic lens of any of the D examples, wherein the first image plane
corresponds to the retinal plane.

{80238} DS The ophthalmic lens of any of the D examples, wherein the base lens has a
uniform power across the lens.

{30239} D6. The ophthalmic lens of any of the D examples, wherein the power of the base

fens varies across the lens.
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[8624¢3] D7. The ophthalmic lens of any of the D examples, wherein a peripheral optical
zone of the basc lens is more positive in power compared to a ceniral and/or mid-peripheral
optical zone.

002411  D8. The ophthalmic lens of any of the I examples, wherein a peripheral and a
mid-penipheral optical zone of the base lens are more positive in power compared to a central
optical zoue.

[66242] D9. The ophthalmic lens of any of the D examples, wherein a peripheral optical
zone of the base lens is more negative in power compared to the central and/or nud-
peripheral optical zone.

{30243} D10, The ophthalmic lens of any of the D examples, whercin an increase in
positive power from a central to mud-peripheral and/or peripheral zone is stepped or gradually
IICTeASEs (i & MONOLONRIC OF 4 NON-MOonotonic Manner.

{00244} D11, The ophthalmic lens of any of the D examples, wherein an mcrease in
negative power from central to mid-peripheral and/or peripheral zone 1s stepped and/or
gradually mcreases in a moneionic or @ nON-MOENOICNIC Manner,

{06245] D12 The ophthalmic lens of any of the D examples, wherein the change in power
from contral to penpheral zone is across the entire base lens and/or is applied to certain
regions or quadrants or sections of the lens.

[08246] D13 The ophthalmic lens of any of the D examples, wherein the base lens of the
ophthalmic lens incorporates a filter and/or incorporates a phase-modifving mask {e.g., an
amplitude mask}.

[86247] D14 The ophthalmic lens of any of the D examples, wherem a filter is applied
across the entire base lens and/or is applied to select regions or quadrants or sections of the
lens.

[606248] D13 The ophthalmic lens of any of the D examples, wherein a phase-modifying
mask is applied across the entire base lens and/or 15 applied to select regions or guadrants or
sections of the lens.

{00249} D16, The ophthalmic lens of any of the D examples, wherein the ophthalmic lens
further comprises one or more concentric rings or annular zones or at least a portion of a ring
or annular zone or zones with one or more powers and a plurality of ight modulating cells.
{00250 D17 The ophthalmic lens of any of the DD examples, wherein the ophthalmic lens

comprises a base lens with a phase~-modifyving mask and a plurality of hight modulating celis.
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180251} D18, The ophthalmic lens of any of the D examples, wherein the one or more of
the hight modulating ceclls may be positioned or packed on the base lens of the ophthalmic
lens either mndividually in arravs or arrangements, or in aggregates, arravs, stacks, clusters or
other suitable packing arrangement,

1062521 D19 The ophthalmic lens of any of the D examples, wherein the individual
arrangements, aggregates, arrays, stacks, or clusters of the light modulating cells is positioned
on the base lens 10 a sguare, hexagonal or any other suitable arrangement {¢.g., a repeating
pattern corresponding 1o a sguare, hexagonal or any other suitable arrangement or any non-
repeating or random arrangement} and/or centered around the geometric or optical center of
the base lens and/or not centered around the geometric or optical center of the base lens.
[00253] D20. The ophthalmic lens of any of the D examiples, wherein the ratio of the
length of the longest (x) mendian or axis to the shortest meridian or axis {v) of at least one of
the one or more light modulating cells 1s about 1.1, about 1.2, about 1.3, about 1.4, about 1.5,
about 1.6, about §.7, about 1.8, about 1.9 and about 2.0.

{80254} D21 The ophthalmic lens of any of the D examples, wherein the sagittal depth of
the light modulating cells varies from abowt 20nm to abouot Imm, from about 20um to about
500um. , from about 20nm to about 400um, from about 20nm to abowt 300um, from about
20n0 to about 200um, from about 20nm to about 100um, from about 20nm to abowut S0um.
{00255 D22, The ophthalmic lens of any of the D examples, wheretn the one or more light
modulating celis 1s arranged such that either one of the principal meridians or axes or the
longest meridian of the light modulating cells 1s lined parallel to one another or may be
aligned radially or may be lined circumferentially or in any suitable geometric arrangement
{¢.g., atriangular arrangement or a square or a rectangle or a hexagon).

{00256] D23 The ophthalmic lens of any of the I examples, wherein the light modulating
cells comprise a phase-modifving mask such as an amplitude mask, binarv amplitude mask,
phase-mask, or kinoform, or binary phase-mask, or phase-modifying surfaces such as meta-
surface or nanostructures.

{86237} D24, The ophthalmic lens of any of the D examples, wherein a hight phase of the
one or more light modelated cells is modulated (e.g., an outer region of the hight modulating
cell represents the region where the light phase has been modulated for example, by pi/2, pi,
3.pi/2, or between 0 and pi/2, between pi/2 and pi1, between pi and 3.p1/2 or between 3.p1/2
and 2.pi; an mner white circle represents a second region of the light modulating cell for

which the light phase has been modulated to be different from the phase of the first region;
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and/or an intermediate grey circle represents a third region of the hight modulating ecll for
which the light phasc has been modulated to be different from the phase of the first and/or the
second region.

[606258] D25 The ophthalmic lens of any of the D examples, wherein the size, density per
square mum and the packing arrangement of the light modulating cells may be uniform across
the zones or vary across the zones {e.g., the density of the light modulating cells is greater or
less i the penipheral zone compared to the nud-peripheral zone).

{80259} D26. The ophthalmic lens of any of the D examples, wherein the distribution of
the substantially positive powered, substantially negative powered multifocal light
modulating cells and light modulating cells with phase modifying masks across one or more
zones of the ophthalmic lens (¢.g., the ratio of the number of positive powered light
modulating cells to negative powered to multifocal light modulating cells) varies in equal or
unequal proportions.

{80260} D27 The ophthalmic lens of any of the D examples, wherein lens designers and
clintcians may use the hght modulating cell geometrical distribation and/or fill factoras a
guide to clinical performance of the ophthalmic lens inchiding myvopia countrol efficacy,
vision and wearability.

{00261} D28 The ophthalmic lens of any of the D examiples, wherein the geometrical fill
ratio of the hght modalating cells to the total surface area of the base lens of the ophthalmic
lens {¢.g., ratio of the total surface arca of the light modulating celis to the total surface arca
of the ophthalmic lens} is about 5%, about 10%, about 15%, about 20%, about 25%, about
30%, about 33%, about 40%, abowt 45%, about 50%, abowd 55%, about 6(%, about 65%,
about 70%, about 75%, about 80% or about 85% |, at least 3%, at least 10%, at least 153%. at
least 20%, at least 25%, at lcast 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80% or at least 85%
or between 5-15%, 20-30%, 35-45%, 40-50%, 45-55%, 60-7(}%, 70-75%, 70-80% or 75

85%.

[86262] D29. The ophthalmic lens of any of the D examples, wherein the surface area
corresponding to the central optical zone does not comprise light modulating cells or does
compnse a plurality of light modulating cells.

002637 D30 The ophthalmic lens of any of the I examples, wherein the geometrical fill
ratio of the hght modulating cells to the surface arca cm‘r@spondin 2 to the central Opticai zone

ts about 5%, abowut 10%, aboot 15%. about 20%, about 2 about 30%, about 3 about
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40%, abowut 43%, about 50%. about 35%, about 60%, about 63%, about 7%, about 75*?/5,
about 80% or about 85% , at least 5%, at fcast 10%. at least 15%, at least 20%, at least 259
at fcast 30%. at least 35%, at least 409, at least 453%, at least 50%, at lcast 55%., at least 60%,
at feast 65%, at least 70%, at least 759, at least 80% or at least 85% or between 5-15%, 20-
30%, 35-45%, 40-50%, 45-55%, 60-70%, T0-75%, 70-20% or 73-85%
{00264} D31, The ophthalmic lens of any of the D examples, wherem the geometrical fill
ratio of the hght modulating cells to the surface area corresponding to the peripheral optical
zone 18 about 5%, about 10%, about 1539, about 20%, about 2539%, about 30%, about 353%,
about 40%, about 45%, about 50%, about 33%, about 60%, about 63%, about 70%, about
5%, about 80% or about 85% , at least 5%, at least 10%, at least 15%, at least 20%, at least
253%, at least 30%, at least 35%, at least 40%, at least 45%, at least 509, at least 55%, at least
60%, at least 653%, at ieast 70%, at least 75%, at least 80% or at lcast 5% or between 5-15%
20-30%, 35-45%, 40-50%, 45-35%, 60-70%, 70-75%, 70-80% or 75-85%.
{00263} D32 The ophthalmic lens of any of the D examples, wherein the ophthalmic lens
meorporates one or more light modulating cells to provide a TFLD whercin the ratio of light
that is distributed in myopic defocus compared to hyperopic defocus is about < 1.0, about
<0.9, about <0.8, about <0.7, about <0.6, about <0.5, about <0.4, about <0.3, about <0.2,
about <0.1.
{80266] D33, The ophthalmic lens of any of the D examples, wherein the ophthalmic lens
meorporates one or more light modulating cclls to provide a TFLD whercin the ratio of light
that 1s distributed in myopic defocus compared to hyvperopic detocus is about > 1.0, about
>1.1, about >1.2, about »1.3, about >1 4, about >1.5, about >1.6, about >1.7, about >1 .8,
about >1.9.
{00267 D34 The ophthalmic lens of any of the D) examples, wherein the ophthalmic lens
meorporates light modulating cells to provide a TFLD with no substantial hyperopic defocus.
{00268} D35, The ophthalmic lens of any of the D examiples, wherein the ophthalmic lens
mcorporates Hght modulating cells to provide to provide a TFLD with no substantial myopic
defocus.
180269} D36. The ophthalmic lens of any of the D examples, wherein the ophthalmic lens
has a geometrical fill factor such that about 73% of light is directed {o the retinal image plane
and about 25% of the light is directed to the plane anterior to the retinal tmage plane (myopic

defocus) by the light modulating cells.
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1802708} D37 The ophthalmic lens of any of the D examples, wherein the ophthalmic lens
coraprses hight modulating cells with a geometrical fill factor that 15 designed so the peak
amplitude of defocused light anterior to the image plane is substantially greater, somewhat
greater, substantially similar to, somewhat less, substantially less than the amphitude of
defocused Hght posterior to the image plane.

002717 D38, The ophthalmic lens of any of the D examples, whercin the distance of the
peak amplitude of the hight divected to in front of the image plane is positioned substantially
closer to the image plane than the distance of the peak amplitude of the light directed
posterior to the image plane.

{00272 D39, The ophthalmic lens of any of the D examples, whercin the TFLD, at least in
part, forms an aperiodic and non-monctonic amplitude of myopically defocused light,
hvperopically defocused light or both.

[66273] D40, The ophthalmic lens of any of the D cxamples, wherein the light amplitude
of any continuous band of defocused light 1s at least about 20% of the total light amplitude,
about 25%, about 309, about 40 % . abowut 50%, about 60%, about 70%, about 80%, about
10% to 50%, about 10% to 40%. about 10% to 30% or about 10% to 20% .

[60274] D41 The ophthalmic lens of any of the D examples, wherein the peak amplitude
of the TFLD anterior to the image plane {or i front or in myopic defocus) 1s about 50% of all
light directed anterior to the retinal plane, 18 substantially >50%, somewhat >50%, or <5(%.
[06275] D42 The ophthalmic lens of any of the ) examples, wherein the peak amphitude
of the TFLD posterior to the retinal plane (or behind or in hyperopic defocus) is about 30% of
all light directed posterior to the retinal plane, 1s substantially >50%, somewhat >50%, or
<50%.

{00276 D43 The ophthalmic lens of any of the D examples, wherein the amplitude of the
TFLD anterior to the retinal plane (or in front or in myopic defocus) and within 1.00D of the
retinal plane is about < 10%, or abouot < 20%, or about <30% or about < 50% of the total light
i front of the retinal plane.

{86277} D44. The ophthalmic lens of any of the ID examples, wherein the amphitude of the
TFLD posterior to the retinal plane {or behind or in hyperopic defocus} and within 1.00D of
the retinal planc is about < 106%. or about < 20%, or about <30% or about < 50% of the total
light behind the retinal planc.

[B06278] D353, An ophthalmic lens compnsing: a base lens comprising at least a central

optical zone and a peripheral optical zone, the base lens being configared to direct ight to at
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least a first plane; and a plorality of light modulating cells located on the surface of at least
the peripheral optical zone of the base lens and configured for correcting, slowing, reducing,
and/or controlling the progression of eve growth by directing or shifling light to one or more
planes; wherein the ophthalmic fens 18 configured such that light transmitted through the
ophthalmic lens resulis in a through focus light distabution (TFLD) that extends in at least
one of a posterior {(hvperopic defocus) or anterior (myopic defocus) direction to one or more

additional plancs.

{86279} El. Aun ophthalmic lens comprising: a base lens configured to direct hight to at
least a first plane; and one or more light modulating cell zones comprising a plurality of light
modidating cells located in at least one of a surface or embedded m the base lens of any
combination of one or more of a central optical zone, a mid-peripheral optical zone and a
peripheral optical zone of the basc lens and configured for directing or shifting light to one or
more planes; wherein light transmitted through the one or more light modulating cell zones
results in a through focus light distribution (TFLD) that extends to one or more additional
planes m at least one of a posterior (hyperopic defocus) and/or anterior (myopic defocus}
direction relative to the first planc.

{00280} EZ2. The ophthalmic lens of any of the E examples, wherein the one or more hight
modulating cell zones are configured to direct hght to one or more planes located posteriorly
{hyperopic defocus) to the first planc and one or more plancs located anteriorty (myopic
defocus) to the first image plane.

[86281] E3. The ophthalmic lens of any of the E examples, wherein the plurality of light
modulating cells are at least one of refractive and/or diffractive 1n nature.

[00282] E4. The ophthalmic lens of any of the E examples, wherein the sagittal depth of
the hight modulating cells vanies from about 20nm to about lmm, from about 20nm to about
500um. , from about 20nm to about 400um, from about 20nm to about 300um, from about
20nm to about 200um, from about 20nm to about 160pm, and/or from about 20nm to about
50um.

[86283] ES5. The ophthalmic lens of any of the E examples, wheremn the light modulating
cells are at least one of planc in power, and/or positive in power, and/or negative in power

and/or has a plurality of powers.
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[86284] E6. The ophthalmic lens of any of the E examples, wherein the proportion of
TFLD that 15 anterior to the first image plane 1s >20% of the light transmaitted through the one
or more hight modulating cell zones.

[806285] E7. The ophthalmic lens of any of the E examples, wherein the proportion of
TFLD that is posterior to the first image plane is >20% of the light transmiited through the
one or more light modulating cell zones.

100286}  E8. The ophthalmic lens of any of the E examples, wherein the onc or more light
modulating cell zones incorporating one or more light modulating cells 1s configured to
provide a TFLD wherein the ratic of light that is distributed in myopic defocus compared to
hyperopic defocus is about < 1.0, about <0.9, about <0.8, about <0.7, about <.6, about <0.5,
about <0.4, abouat <03, abowt <0.2, about <0.1.

1062871 ES The ophthalmic lens of any of the E examples, wherein the one or more light
modulating cell zones incorporating one or more light modulating cells 1s configured to
provide a TFLD wherein the ratio of hight that is distributed in myopic defocus compared to
hyperopic defocus is about > 1.0, about >1.1, about >1.2, about >1.3, about >1.4, about >1.5,
about >1.6, about >1.7, about >1.8, about >1.9.

{00288]  E10. The ophthalmic lens of any of the E examples, wherein the one or more hight
modudating cell zones incorporating one or more light modulating cells 1s configured to
provide a TFLD with no substantial hyperopic defocus.

{00289]  El1. The ophthalmic lens of any of the E exanmples, wherein one or more light
modulating cell zones incorporating one or more light modulating cells 1s configured to
provide to provide a TFLD with no substantial myvopic defocus.

{80296} E12. The ophthalmic lens of any of the E examples ms, wherein the light
modulating cell zones have a geometrical fill factor that is designed so the peak amphitude of
defocused hight anternior to the image plane 15 substantially greater, somewhat greater,
substantially similar to, somewhat less, and/or substantially less than the amplitude of
defocused Hght posterior to the image plane.

{80291} EI3. The ophthalmic lens of any of the E examples, wherein the distance of the
peak amphitude of the hight directed to in front of the image plane is positioned substantially
closer 1o the image plane than the distance of the peak amplitude of the light directed

posterior to the tnage plane.
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[86292] E14. The ophthalmic lens of any of the E examples, wherein the TFLD, at least in
part, forms an aperiodic and non-monotonic amplitude of myopically defocused light,
hvperopically defocused light or both.

[606293]  EI15. The ophthabmic lens of any of the E examples, whergin the light amplitude of
any band of defocused hight is at least about 209% of the total light amplitude, about 23%,
about 30%, about 40 % , about 50%. about 60%, about 70%, about 80%, about 10% to 50%,
about 10% to 40%, about 10% to 30% or about 10% to 20% .

[86294] E16. The ophthalmic lens of any of the E examples, wherein the peak amphitude
of the TFLD antenior to the tmage plane {or in front or in myopic defocus} is about 50% of all
light directed anterior to the retinal plane, is substantially >50%, somewhat >50%, or <50%.
[606295]  E17. The ophthabmic lens of any of the E examples, wherein the peak amplitude
of the TFLD posterior to the retinal plane {(or behind or in hyperopic defocus) is about 50% of
all light directed posterior to the retinal plane, 1s substantially >50%, somewhat >50%, or
<50%.

[86296] E18. The ophthalmic lens of any of the E examples, wherein the amplitude of the
TFLD anterior to the retinal plane {or in front or in myopic defocus) and within 1.00D of the
retinal plane 1s about < 10%, or about < 20%, or about <30% or about < 50% of the total hight
in front of the retinal plane.

[606297]  EI19. The ophthabmic lens of any of the E examples, whergin the amplitude of the
TFLD posterior to the retinal plane {or behind or in hyperopic defocus) and within 1.00D of
the retinal plane is about < 10%, or about < 20%, or about <30% or about < 50% of the fotal
Lght behind the retinal plane.

{06298] E20. The ophthalmic lens of any of the E examples, wherein the power of the base
lens varies across the lens.

[B0629%] E21. The ophthalmic lens of any of the E examples, wherein a peripheral optical
zone of the base lens is more positive or more negative in power compared to the central
and/or a mid-peripheral optical zone.

[86306] E22. The ophthalmic lens of any of the E examples, wherein a peripheral and a
mid-peripheral optical zone of the base lens are more positive in power compared to a central
optical zone.

{66361} E23. The ophthalmic lens of any of the E examples, wherein the change in power
from central to mid-peripheral and/or peripheral zone 1s stepped or gradually increases in a

monetonic Or a nON-MONeLoNIc Manner.
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[86302] E24. The ophthalmic lens of any of the E examples, wherein a change in power
from contral to penpheral zone is across the entire base lens and/or is applied to certain
regions or quadrants or sections of the lens.

[86303] E25. The ophthabmic lens of any of the E examples, whergin the base lens of the
ophthalmic lens incorporates a filter and/or tncorporates a phase-modifying mask {e.g., an
amplitude mask}.

{86304} E26. The ophthalmic lens of any of the E examples, wherein a filter 1s applied
across the entire base lens and/or s applied to select regions or quadrants or sections of the
lens.

{30305} E27. The ophthalmic lens of anv of the E examples, wherein a phase-modifying
mask is applied across the entire base lens and/or 15 applied to select regions or guadrants or
sections of the lens.

[00306]  E28. The ophthalmic lens of any of the E examples, wherein the ophthalmic lens
further comprises one or more concentric rings or annular zones or at least a portion of a ning
or anmular zone or zones with one or more powers and a plurality of ight modulating cells.
{80387} E29. The ophthalmic lens of any of the E examples, wherein the one or more of
the hight modulating cells may be positioned or packed on one or more zones of the base lens
either individually or in arrays or arrangements, or in aggregates, or stacks, or clusters or
other suitable packing arrangement,

[00308]  E30. The ophthalmic lens of any of the E examples, wherein the individual
arrangements, aggregates, arrays, stacks, or clusters of the light modulating cells 1s positioned

on the base lens in a square, hexagonal or any other suitable arrangement {e.g.

g., a repeating
pattern corresponding 10 a square, hexagonal or any other suitable arrangement or any non-
repeating or random arrangement) and/or centered around the geometric or optical center of
the base lens and/or not centered around the geometric or optical center of the base lens.
[3630%9] E31. The ophthabmic lens of any of the E examples, whergin the ratio of the length
of the longest {x} mernidian or axis to the shortest merndian or axis (v} of at least one of the
ong or more light modulating cells is about 1.1, about 1.2, about 1.3, about 1.4, about 1.5,
about 1.6, about 1.7, about 1.8, about 1.9 and about 2.0,

{80316} E32. The ophthalmic lens of any of the E examples, wherein the one or more hight
maodulating cells is arranged such that either one of the principal meridians or axes or the

longest meridian of the light modulating cells 1s lined parallel to one another or may be
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aligned radially or may be lined circumferentially or in any suitable geometric arrangement
{c.g., a tnangular arrangement or a squarc or a rectangle or a hexagon).

{30311} E33. The ophthalmic lens of anv of the E examples, wherein the one or more light
modulating cells comprise a phase-modifying mask such as an amplitude mask, binary
amplitede mask, phase-mask, or kinoform, or binary phase-mask, or phase-modifyving
surfaces such as meta-surface or nanostractures.

[86312] E34. The ophthalmic lens of any of the E examples, wherein a light phase of the
one or more light modelated cells is modulated (e.g., an outer region of the hight modulating
cell represents the region where the light phase has been modulated for example, by pi/2, pi,
3.p/2, or between 0 and pi/2, between pi/2 and pi, between pi and 3.p1/2 or between 3.p1/2
and 2.p1; an inner white circle represents a second region of the light modulating cell for
which the light phase hag been modulated to be different from the phase of the first region;
and/or an intermediate grey circle represents a third region of the light modulating ccll for
which the hght phase has been modulated to be different from the phase of the first and/or the
second region.

{80313} E35. The ophthalmic lens of any of the E examples, wherein any combination of
one or more of the size, density per square rom and/or the packing arrangement of the light
modulating cells 1s uniform across the zones or vary across the zones {e.g., the density of the
hght modulating cells is greater or less in the peripheral zone compared to the mid-peripheral
zone).

[86314] E36. The ophthalmic lens of any of the E examples, wherein lens designers and
clintcians may use the hght modulating cell geometrical distribation and/or fill factoras a
guide to clinical performance of the ophthalmic lens inchiding any combination of one or
maore of mvopia control efficacy, vision and wearability.

[B8315] E37. The ophthalmic lens of any of the E examples, wherein the surface area
corresponding to the central optical zone does not comprise light modulating cells or does
comprise a plurality of light modulating cells.

{80316}  E38. The ophthalmic lens of any of the E examples, wherein the geometrical fill
ratic of the lght modidating cells in the central optical zone to the surface arca corresponding
to the central optical zone is about 3%, about 10%, about 15%, about 20%, about 25%, about
30%, about 35%, about 40%, about 43%. about 30%, about 53%, about 60%, about 65%,
about 709, about 75%, about 80% or about 83% , at lcast 5%, at least 10%, at least 15%, at

feast 20%, at lcast 25%, at least 30%., at least 35%, at least 409, at least 43%, at lcast 50%, at
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feast 55%. at least 60%, at least 659, at least 70%, at least 75%. at least 80% or at least 83%
ot between 5-15%, 20-30%, 35-45%, 40-30%, 45-353%, 60-70%, 70-75%, 70-80% or 75-

359

=

3.

{80317} E39. The ophthalmic lens of any of the E examples, wherein the geometrical fill
ratio of the hght modulating cells in the peripheral optical zone and/or the mid-peripheral
optical zone to the surface arca corresponding to the penipheral optical zone and/or the mid-
peripheral optical zone 1s about 3%, about 10%, about 15%, about 20%, about 25%, about
30%, about 33%, about 40%, about 45%, about 50%, about 35%, about 60%, about 65%,
about 70%, about 75%, about 80% or about 85% |, at least 3%, at least 10%, at least 153%. at
cast 20%, at least 25%, at lcast 30%, at least 35%, at least 409, at least 45%, at least 50%, at
feast 33%, at lcast 60%, at least 65%. at least 70%, at least 759, at least 80% or at least 85%
or between 5-15%, 20-30%, 35-45%, 40-50%, 45-55%, 60-70%, 70-75%, 70-80% or 75-
85%.

{00318}  E40. An ophthalmic lens comprising: a baselens with a front and a rear surface
configured to direct light to at least a first image plane; one or more light modulating cell
zones on or in the base lens, the one or more light modulating cell zones comprising a
plurality of light modulating cells positioned in a specific configuration; wherein any
combination of one or more of the geometrical arrangement, fill factor ratio, diameter,
sagittal depth, curvature, power and cell to cell spacing of the light modulating cells are
configured such light transmitted through the light modulating cell zone results in a through
focus hight distribution that is directed to a plurahity of planes located anteriorly and/or
posteriorly relative to the first image plane.

{86319] E41 A method for designing/manutacturing an ophthalmic lens comprising:
selecting a base lens having a power profile and configured to direct light to at least a first
plane; determining to locate one or more hight modulating cell zones n any combination of
one or more of a central optical zone, a mid-peripheral optical zone and/or a peripheral
optical zone of the base lens, the one or more light modulating cell zone comprising a
plurality of hight modulating cells, the hight modulating cells located in at least one of a
surface or embedded m the base lens; utilizing any combination of one or more of a
geometneal arrangement, fill factor ratio, light modulating cell diameter, hight modulating
cell sagittal depth, light modulating coli curvature, light modulating cell power and cell to cell
spacing of the hight modulatimg cells to configure the ophthalmic lens such that light

transmitted through the one or more light modulating cell zones results i a through focus
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hight distribution {TFLD} extends to one or more additional planes in at least one of a
posterior (hyperopic defocus) and anterior {myopic defocus) direction relative to the first

plane.

106328] It will be voderstood that the embodiments disclosed and defined in this
specification cxtends to all alternative combinations of two or more of the mdividual features
mentioned or evident from the text or drawings. All of these different combinations constitute
various alternative aspects of the present disclosure.

{80321}  The foregoing outlines features of several embodiments so that those skilled in the
art may better understand the aspects of the present disclosure. Those skifled m the art should
appreciate that they may readily use the present disclosure as a basis for designing or
modifying other processes and structures for carrying out the same purposes and/or achieving
the same advantages of the embodiments introduced hercin. Those skilled m the art should
also realize that such equivalent constructions do not depart from the spirit and scope of the
present disclosure, and that they may make various changes, substitutions, and alterations

herein without departing from the spirit and scope of the present disclosure.
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CLAIMS:
i An ophthalmic lens comprising:

a base lens configured to direct light to at least a first plane; and

one or more light modulating cell zones comprising a phurality of light modulating
cells located 1 at least one of a surface or embedded in the base lens of any combimation of
one or more of a central optical zone, a mid-peripheral optical zone and a pernipheral optical
zone of the base lens and configured for directing or shifting light to one or more planes;

wherein hight transmitted through the one or more light modulating cell zones results
mn a through focus light distnibution (TFLD) that extends to one or more additional planes m
at least one of a posterior (hyperopic defocus) and/or anterior (myopic defocus) direction

relative to the first plane.

2. The ophthalmic lens of claim 1, wherein the one or more light modulating cell
zones are configured to direct light to one or more planes located posteriorly (hyperopic
defocus} to the first plane and one or morg planes located anteriorly {myopic defocus) to the

first image plane.

(9]

The ophthalmic lens of any of claims 1 and 2, wherein the phurality of light

modulating celis are at least one of refractive and/or diffractive in nature.

4. The ophthalmic lens of any of the preceding claims, wherein the sagiital depth
of the light modulating cells varies from about 20nm to about lmm, from abowt 20nm to
about 300um. , from about 20nm to about 400um, from about 20nm to about 300um, from
about 20nm to about 200um, from about 20nm to about 100um, and/or from about 20nm to

about S0um.

3. The ophthalmic lens of any of the preceding claims, wherein the hight
modulating cells are at least one of planc i power, and/or positive in power, and/or negative

m power and/or has a a plorality of powers.
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6. The ophthalmic lens of any of the preceding claims, wherein the proportion of
TFLD that 15 anterior to the first image plane 1s >20% of the light transmaitted through the one

or more hight modulating cell zones.

7. The ophthalmic lens of any of the preceding claims, wherein the proportion of
TFLD that is posterior to the first image plane 18 >20% of the light transmitted through

theone or more hight modulating cell zones.

8. The ophthalmic lens of any of the preceding claims, wherein the one or more
hight modulating cell zones mcorporating one or more light modulating cells 1s configured to
provide a TFLD wherein the ratio of light that is distributed 1n myopic defocus compared to
hyperopic defocus is about < 1.0, about <0.9, about <0 8, about <0.7, about <0.6, about <0 5,

about <0.4, about <0.3, about <0.2, about < 1.

9. The ophthalmic lens of any of the preceding claims, wherein the one or more
light modulating cell zones incorporating one or more light modulating cells is contfigured to
provide a TFLD whercin the ratic of ight that is distributed in myopic defocus compared to
hyvperopic defocus s about > 1.0, about >1.1, about >1.2, about >1.3, about >1 .4, about »>1.5,

about >1.6, aboat >1.7, abowt >1.8, about >1.9.

10. The ophthalmic lens of any of the preceding claims, wherein the one or more
Lght modulating cell zones incorporating one or more light modulating cells 1s configured to

provide a TFLD with no substantial hyperopic defocus.

t1.  "The ophthalmic lens of any of the preceding claims, wherein one or more hight
modudating cell zones incorporating one or more light modulating cells 1s configured to

provide to provide a TFLD with no substantial myopic defocus.

12, The ophthalmic lens of any of the preceding claims, wherein the light
modulating cell zones have a geometrical fill factor that is designed so the peak amphitude of
defocused light anterior to the image plane is substantially greater, somewhat greater,
substantially similar to, somewhat less, and/or substantially less than the amplitude of

defocused light posterior to the image plane.
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13, The ophthalmic lens of any of the preceding claims, whercin the distance of
the peak amphitude of the light directed to m front of the image plane is positioned
substantially closer to the image plane than the distance of the peak amplitude of the light

directed posterior to the image plane.

14. The ophthalmic lens of any of the preceding claims, wherein the TFLD, at
least i part, forms an aperiodic and non-monotonic amplitude of myopically defocused light,

hyperopically defocused light or both.

15, 'The ophthalmic lens of any of the preceding claims, wherein the light
amplitude of any band of defocused light is at least about 20% of the total light amphitude,
about 25%, about 30%,. about 40 % . about 50%, about 60%, about 70%, about 80%, about

18% 1o 50%, about 10% to 40%, about 10% to 30% or about 10% 10 20% .

16.  The ophthalmic lens of any of the preceding claims. wherein the peak
amplitude of the TFLD anterior to the image plane (or in front or in myopic defocus) 15 about
50% of all ight directed anterior to the retinal plane, 15 substantially >50%, somewhat >50%,

or <50%.

17, 'The ophthalmic lens of any of the preceding claims, wherein the peak
amplitude of the TFLD postertor to the retinal plane {or behind or in hyperopic defocus) is
about 30% of all light directed posterior to the retinal plane, is substantially >50%,

somewhat >50%, or <50%.

18.  'The ophthalmic lens of any of the preceding claims, wherein the amplitede of
the TFLD anterior to the retinal plane {or in front or in myopic defocus) and within 1.00D of
the retinal plane is about < 10%, or about < 20%, or about <30% or about < 50% of the fotal

Lght in front of the retinal plane.

19, The ophthalmic lens of any of the preceding claims, whercin the amplitude of

the TFLD posterior to the retinal plane {or behind or n hyperopic defocus) and within 1.00D

[y i .
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of the retinal plane 1s about < 10%, or about < 20%, or about <30% or about < 50% of the

total light behind the retinal plane.

20, The ophthalmic lens of any of the preceding claims, wherein the power of the

base lens varies across the lens.

21 The ophthalmic lens of any of the preceding claims, wherein a peripheral
optical zone of the base lens is more positive or more negative in power compared to the

central and/or a mud-peripheral optical zong.

22, 'The ophthalmic lens of any of the preceding claims, wherein a peripheral and
a mid-peripheral optical zone of the base lens are more positive in power compared to a

central optical zone.

23.  The ophthabnic lens of any of the preceding claims, wherein the change in
power from central o mid-peripheral and/or peripheral zone is stepped or gradually increases

i 4 monotonic or a pon~-monotonic manner.

24, The ophthalmic lens of any of the preceding clamms, wherein a change in
power from central to peripheral zone is across the entire base lens and/or is applied to certain

regions or quadrants or sections of the lens.

25, The ophthalmic lens of any of the preceding claims, whercin the base lens of
the ophthalmic lens incorporates a filter and/or incorporates a phase-modifying mask (e.g., an

amplitude mask).

26.  The ophthalmic lens of any of the preceding claims, wherein a filter is applied
across the entire base lens and/or 1s applied to select regions or quadrants or sections of the

lens.

27, The ophthalmic lens of any of the preceding claims, wherein a phase-
modifying mask is applied across the entire base lens and/or 1s applied to select regions or

guadrants or sections of the lens.



CA 03144870 2021-12-22

WO 2020/261213 PCT/1IB2020/056079

28, The ophthalmic lens of any of the preceding claims, wherein the ophthalmic
lens further comprises one or more concentric rings or annular zones or at least a portion of a
ring or anmular zone or zones with one or more powers and a plurality of light modulating

cells.

721

29, The ophthalmic lens of any of the preceding claims, wherein the one or more
of the light modulating cells may be positioned or packed on one or more zones of the base
lens either mdividually or in arrays or arrangements, o7 in aggregates, or stacks, or clusters or

other suitable packing arrangement.

30.  'The ophthalmic lens of any of the preceding claims, wherein the individual
arrangements, aggregates, arrays, stacks, or clusters of the light modulating cells is positioned
on the base lens 10 a sguare, hexagonal or any other suitable arrangement {¢.g., a repeating
pattern corresponding to a square, hexagonal or any other suitable arrangement or any non-
repeating or random arrangement} and/or centered around the geometric or optical center of

the basc lens and/or not centered around the geometric or optical center of the base lens.

31, The ophthalmic lens of any of the preceding claims, wherein the ratic of the
length of the longest (x) mendian or axis to the shoriest meridian or axis (v) of at least one of
the one or more light modulating cells 1s about 1.1, about 1.2, about 1.3, about 1.4, about 1.5,

about 1.6, about 1.7, about 1.8, about 1.9 and about 2.0,

32, The ophthalmic lens of anv of the preceding claims, wherein the one or more
hight modulating cells 1s arranged such that either one of the principal mendians or axes or
the longest mendian of the light modulating cells is lined parallel to one another or may be
aligned radially or may be lined circumferentially or tn any suitable geometric arrangement
{¢.g., atnangular arrangement or a square or a rectangle or a hexagon).

33. The ophthalmic lens of any of the preceding claims, wherein the one or more
light modulating cells comprise a phase-modifying mask such as an amplitude mask, binary
amplitude mask, phase-mask, or kinoform, or binary phase-mask, or phase-modifying

surfaces such as meta-surface or nanostructures.
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34, The ophthalmic lens of any of the preceding claims, whercin a light phase of

the one or more hight modulated cells 1s modulated (e g., an outer region of the hight
modudating cell represents the region where the light phase has been modulated for example,
by pi/2, pi, 3.pi/2, or between O and pi/Z, between pi/Z and pi, between pi and 3.pi/2 or
between 3 pi/2 and 2.pi; an inner white circle represents a sccond region of the light
modulating cell for which the hight phase has been modulated to be different from the phase
of the first region; and/or an intermediate grey circle represents a third region of the hight
modulating cell for which the light phase has been modulated to be different from the phase

of the first and/or the second region.

35, 'The ophthalmic lens of any of the preceding claims, wherein any combination
of one or more of the size, density per square mm and/or the packing arrangement of the light
modulating cells 1s uniform across the zones or vary across the zones {e.g., the density of the
Lght modulating cells is greater or less in the penipheral zone compared to the mid-peripheral

zone).

36.  The ophthalmic lens of any of the preceding claims, wherein lens designers
and chinicians may use the light modulating cell geometrical distribution and/or fill factoras a
guide to clinical performance of the ophthalmic lens including anv combination of onc or

more of myopia control efficacy, vision and wearability.

37, The ophthalmic lens of any of the preceding claims. wherein the surface arca
corresponding to the central optical zone does not comprise light modulating cells or does

coraprise a plurality of hight modulating cells.

38.  'The ophthalmic lens of any of the preceding claims, wherein the geometrical
fill ratio of the hight modulating cells in the central optical zone to the surface arca
corresponding to the central optical zone is about 5%, about 10%, about 15%, about 20%,
about 25%, about 30%, about 353%, about 40%, about 45%., about 50%, about 35%, about
6509, about 65%, about 70%, about 75%, about 80% or about 85% | at least 5%, at least 10%,
at fcast 15%, at least 20%, at least 259, at least 30%, at least 35%, at lcast 40%, at least 45%,

at keast 50%, at least $5%. at least 609, at least 65%, at least 70%, at least 75%. at least 80%
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or at least 83% or between 5-15%, 20-30%, 35-45%, 40-50%, 45-55%, 60-70%, 70-75%, 70-

80% or 75-85%

39, The ophthalmic lens of any of the preceding claims, wherein the geometrical
fill ratio of the hight modulating cells in the peripheral optical zone and/or the mid-peripheral
optical zone to the surface arca corresponding to the penipheral optical zone and/or the mid-
peripheral optical zone 1s about 3%, about 10%, about 15%, about 20%, about 25%, about
30%, about 33%, about 40%, about 45%, about 50%, about 55%, about 6%, about 65%,
about 70%, about 75%, about 80% or about 85% |, at least 5%, at least 10%, at least 153%. at
cast 20%, at lcast 25%, at least 30%, at least 35%, at least 40%, at least 45%, at lcast 30%, at
least 533%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80% or at least 85%
or between 5-15%, 20-30%, 35-45%, 40-50%, 45-55%, 60-70%, 70-75%, 70-80% or 75-
85%.

40. An ophthalmic lens comprising

a baselens with a front and a rear surface configured to direct light to at least a first
image plane;

one or more light modulating cell zones on or in the base lens, the one or more hight
modidating cell zones comprising a plurality of light modulating cells positioned in a specific
configuration;

wherein any combination of one or more of the geometrical arrangement, fill factor
ratio, diameter, sagittal depth, curvature, power and cell to cell spacing of the light
modulating cells are configured such hight transmitted through the light modulating cell zone
resudts in a through focus light distribution that is directed to a plurality of planes located

anteriorly and/or posteriorly relative to the first image plane.

41. A method for designing/manufacturing an ophthalmic lens comprising:

selecting a base lens having a power protile and configured to direct light to at least a
first plane;

determining to locate one or more light modulating cell zones in any combination of
one or more of a central optical zone, a mid-peripheral optical zone and/or a peripheral

optical zone of the base lens, the one or more light modulating cell zone comprising a
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plurality of ight modulating cells, the light modulating cells located in at least one of a
surface or embedded in the hase lens;

utilizing any combination of one or more of a geometrical arrangement, fill factor
ratio, light modulating cell diameter, light modulating cell sagittal depth, light modulating
cell curvature, light modulating cell power and cell to cell spacing of the light modulating
cells to configure the ophthalmic lens such that light transmitied through the one or more
light modulating cell zones results in a through focus light distribution (TFLD) extends to one
or more additional planes in at least one of a posterior (hyvperopic defocus) and anterior

{mvopic defocus) direction relative to the first planc.
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