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LIGHT SCATTERING LENS FOR TREATING MYOPIA AND
EYEGLASSES CONTAINING THE SAME

FIELD OF THE INVENTION

The invention features ophthalmic lenses for treating myopia and reducing myopia
Progression.

BACKGROUND

The eye is an optical sensor in which light from external sources 15 focused, by a lens,
onto the surface of the retina, an array of wavelength-dependent photosensors. The lens of the
eye can accommodate by changing shape such that the focal length at which external light rays
are optimally or near-optimally focused to produce inverted trages on the surface of the reting
that correspond to external images observed by the eve. The eye lens focuses light, optimally or
near-optimally, emitted by, or reflecied from external objects that e within a certain range of
distances from the eve, and less optimally focuses, or fails to focus objects that lie outside that
range of distances.

In normal-sighted individuals, the axial length of the eye, or distance from the front of the
cornea to the fovea of the retina, corresponds to a focal length for near-optimal focusing of
distant objects. The eyes of normal-sighted individuals focus distant objects without nervous
mput to muscies which apply forces to alter the shape of the eye lens, a process referred to as
“accommodation.” Closer, nearby objects are focused, by normal individuals, as a resuit of
accommodation.

Many people, however, suffer from eye-length-related disorders, such as myopia
("nearsightedness”). In myopic individuals, the axial length of the eye is longer than the axial
length required to focus distant objects without accommodation. As a result, myopic individuals
can view near objects at a certain distance clearly, but objects further away from that distance are
blurry.

Typically, infants are born hyperopic, with eve lengths shorter than needed for optimal or
near-optimal focusing of distant objects without accommodation. During normal development of
the eve, referred to as “emmetropization,” the axial length of the eye, relative to other
dimensions of the eye, increases up to a length that provides near-optimal focusing of distant

objects without accommodation. Ideally, biclogical processes maintain the near-optimal relative
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eye length to eve size {&.g., axial length) as the eve grows to final, adult size. However, in
myopic individuals, the relative axial length of the eye to overall eve size continues to increase
during development, past a tength that provides near-optimal focusing of distant objects, leading
to increasingly pronounced myopia.

It is believed that myopia 1s affected by environmental factors as well as genetic factors.
Accordingly, myopia may be mitigated by therapeutic devices which address environmental
factors. For example, therapeutic devices for treating eye-length related disorders, including

myopia, are described m U.S. Pub. No. 2011/0313058A1.

SUMMARY

Various aspects of the invention are summarized as follows.

In general, in a first aspect, the invention features an ophthalnuc lens, including: a lens
material having two curved surfaces opposing each other; a light scatiering region; a first
aperture {e.g., clear or with reduced scatiering density/power compared to the light scattering
region) surrounded by the light scattering region; and a second aperture (e.g., clear or with
reduced scattering density/power compared to the light scattering region) separated from the first
clear aperture by a portion of the light scattering region.

Embodiments of the ophthalmic lens can have one or more of the following features
and/or features of other aspects. For example, the ophthalmic lens can have optical power.

A separation of clear and light scattering region can be blended through a gradual change
m scattering density/power.

The ophthalmic lens can be a single vision lens or a multifocal lens {(e.g., a progressive
lens, a freeform lens, or a bifocal lens, such as a prismatic bifocal lens). The lens can have a first
optical power at the first clear aperiure and a second optical power at the second clear aperture,
the first and second optical powers being different. The first optical power can be selected to
correct for a refractive error of a user for distance vision. The second optical power can be
selected to correct for a refractive error of a user for near vision or magnify to aid in near vision
work. The second optical power can be postiive providing for myopic peripheral defocus in
distant viston through the first clear aperture.

The first aperture can be substantially centered on a lens optical axis.

The second aperture can be displaced from a lens optical axis.
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An area of the light scattering region separating the first aperture from the second
aperture has different (e g, reduced} light scatiering properties compared to other areas of the
light scattering region. The area of the light scattering region separating the first aperture from
the second aperture defines a path of reduced scattering following the user’s natural vergence
between the first and second apertures.

The second aperture can be surrounded by the light scattering region.

The ophthalmic lens can include a clear area surrounding the light scatiering region,
wherein the second clear aperture is continuous with the clear area.

The light scattering region can include optical structures sized and arranged to reduce a
contrast of an image viewed through the light scattering region compared with the first or second
clear apertures.

In general, in another aspect, the invention features an ophthalmic lens that includes:

a multifocal lens having a first area having an optical power for distance vision and a
second area having a different optical power for near vision; a hight scattering region; a first clear
region surrounded by the light scattering region, the clear region at least partially overlapping the
first area of the multifocal lens; a second clear region at least partially overlapping the second
area of the multifocal lens.

Embodiments of the ophthalmic lens can include one or more of the following features
and/or features of other aspects. For example, the multifocal ens can be a bifocal lens {e.g, &
prismatic bifocal lens}, a progressive iens, or a freeform lens.

The first and second clear regions can be regions of a common aperture. The common
aperture can be surrounded by the hight scattering region. The common aperture can extend to an
edge of the light scattering region.

The first and second clear regions can each define a discrete aperture.

In general, in another aspect, the invention features an ophthalmic lens, including: a lens
material having two opposing surfaces, the surfaces being curved surfaces and defining a lens
axis; a light scattering region; an aperture extending from the lens axis to a periphery of the light
scattering region.

Embodiments of the ophthalmic lens can include one or more of the following features
and/or features of other aspects. The aperture can be clear or have reduced scaitering compared

to the light scattering region.
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The lens can have a region having a first optical power at the lens axis and a region
having a second optical power different from the first optical power, and the clear aperture
overlaps with both regions. The first optical power can be selected to correct for a refractive
error of a user for distance vision. The second optical power can be selected to correct for a
refractive error of a user for near vision or magnify to aid in near vision work.

The ophthalmic lens can be a progressive or freeform lens. In some embodiments, the
ophthalmic lens is a bifocal lens.

In a further aspect, the invention features an ophthalmic lens including a multifocal lens
having a first area having an optical power for distance vision and a second area having a
different optical power for near vision, a contrast reduction region including scattering centers
and/or one or more lenslets for reducing 1image contrast for a user of the ophthalmic lens, a first
clear region surrounded by the contrast reduction region, the clear region at least partially
overlapping the first area of the multifocal lens, and a second clear region at least partially
overlapping the second area of the multifocal lens. Embodiments of the ophthalmic lens can
melude one or more of the features of other aspects.

In vet a further aspect, the invention features an ophthalmic lens including a lens material
having two opposing curved surfaces, the curved surfaces defining a lens axis, a contrast
reduction region for reducing image contrast for a user of the ophthalmic lens, and a clear
aperture extending from the lens axis to a periphery of the defocus region. The contrast
reduction region includes one or more lenslets and a plurality of scattering centers.
Embodiments of the ophthalmic lens can include one or more of the features of other aspects.

In another aspect, the mvention features eyeglasses including an ophthalmic lens of any
of the preceding aspects.

The second aperture can be displaced from the first aperture along an axis that defines a
non-zero angle, o, with a vertical axis of the eyeglass frames. The angle, o, can correspond to a
path of a user’s eye when a direction of the user’s gaze transitions from the first clear aperture to
the second clear aperture. The angle, o, can correspond to a path of a natural vergence path of
the user’s eyes when switching from distant vision to near vision. o can be i a range from 3° 1o
20°.

At least one clear aperture of the ophthalmic lens can be elongated in a vertical direction

of the eyeglasses.
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At least one clear aperture of the ophthalmic lens can be elongated in a horizontal
direction of the eyeglasses.

At least one clear aperture elongated in the horizontal direction 1s located for near vision
during use of the eyeglasses

Among other advantages, disclosed embodiments include eveglasses that can reduce eve-
lengthening associated with myopia development without significantly impacting a user’s vision.
For example, embodiments feature lenses with a light scattering area for reducing contrast in a
user’s peripheral vision while including a clear aperture for distance vision and a clear aperture
for near-vision tasks, such as reading. Bifocal or multifocal lenses can be used.

Other advantages will be apparent from the drawings, detailed description, and the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 18 a plan view of an embodiment of an ophthalmic lens for treating myopia.

FYG. 2A 1s g diagram of a pair of eyeglasses containing the ophthalmic lenses as shown in
FIG. 1.

FIG. 2B shows the horizontal field of view of a typical person.

FIG. 2C shows the vertical field of view of a typical person.

FI(3. 3 15 a plan view of another embodiment of an ophthalmic lens for treating myopia.

FIG. 4 1s a plan view of a further embodiment of an ophthalmic lens for treating myopia.

FIG. 5 15 a plan view of yet another embodiment of an ophthalmic lens for treating
myopia.

FI1G. 615 a plan view of another embodiment of an ophthalmic lens for treating myopia.

FIG. 7 is a plan view of a further embodiment of an ophthalmic lens for ireating myopia.

F1G. 8 1s a plan view of another embodiment of an ophthalmic lens for treating myopia.

FIG. 9 is a plan view of another embodiment of an ophthalmic lens for treating myopia.

FIG. 10 1s a plan view of another embodiment of an ophthalmic lens for treating myopia.

FIG. 11 1s a plan view of another embodiment of an ophthalmic lens for treating myopia.

FI1G. 1215 a plan view of another embodiment of an ophthalmic lens for treating myopia.

U
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FIG. 13 15 an example of a scatiering center pattern for an ophthalmic lens for treating

myopia.

DETAILED BESCRIPTION

Referring to FIG. 1, an ophthalmic lens 100 includes a first clear aperture 110 and an
annular shaped scattering area 130 surrounding the clear aperture. In this case, the fens 100 has
uniform optical properties, e.g., is a single vision lens, such as a spherical lens or a compound or
toric lens {1.e., having a spherical component and a cylindrical component), or a plano lens {i.e,,
a lens with no optical power). FIG 1 also shows a vertical and horizontal axis for ease of
reference. While lens 100 1s depicted as a circular blank, and therefore rotationally symmetric
for a spherical lens, it will be understood that the horizontal and vertical directions refer to how
the lens will be oriented when mounted in glasses frames.

First clear aperture 110 1s positioned substantially near the center of lens 100. Scattering
area 130 is also centered with respect to the lens center. Scattering area 130 15 also surrounded
by a clear area 140. A second clear aperture 120 15 also provided in light scattering area 130,
separated from clear aperture 110 along an axis 132 that is offset by an angle « from the vertical
axis of the lens.

The horizontal and vertical axes refer to how lens 100 1s sltimately oriented in a pair of
eyeglass frames. In an unmounted spectacle lens 100 prior to shapmg for mounting in a frame,
where the lens 18 plano or spherical, such lenses are generally radially symmetric and the angle o
15 arbitrary until the lens i3 shaped for mounting. However, in lenses which do not possess
rotational symmetry, such as toric lenses, the angle o can alternatively can be defined relative to
the orientation of the second aperture 120 compared to the axis of the cylindrical component. Of
course, where the cylinder axis 15 parallel to the vertical axis, o will be the same regardless of
how 1t 1s defined.

o the embodiment show in FIG. 1, clear aperture 110 is a distance vision aperture, which
can be engaged for distance-vision activities such as reading road signs. The second clear
aperture 120 15 a near vision aperture, which can be engaged for near-vision activities, such as
reading a book.

In general, o can vary. When compared to an axis of cylindrical power, the offset angle o

can vary between 0 and 180 degrees.
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When o refers to the offset angle from the vertical meridian once mounted, it can be
selected to accommodate the path of the user’s eye when they focus on near objects. When a
person accommodates to focus on near objects, this also creates convergence, or the movement
of the eyes inward in the horizontal direction, called vergence. Therefore, in order to make near-
vision objects visible to the accommodated eye through the second aperture, the angle can be
chosen to match a user’s vergence for near objects. In some embodiments, o 15 45° or less, e.g.,
about 30° or less, about 25° or less, about 20° or less, about 15° or less, about 10° or less, about
8% or less, e.g., 1° or more, 2° or more, 3° or more, 4° or more, 5° or more, or 0°. For example,
the clear aperture 120 — for near-vision — can be offset from the vertical axis that passes through
the center of clear aperture 110 toward the user’s nose in order to accommodate for vergence of
the wearer’s eves as they focus on near objects. This offset can be 1 mm or more (e.g., 2 mm or
more, 3 mm or more, 4 mm or more, S mm or more, 6 mm or more, 7 mm or more, such as 10
mm or less, 9 mm or less, 8 mm or less), where the distance is measured from the central point in
the horizontal direction of clear aperture 120 from the central point in the horizontal direction of
clear aperture 110 (which may correspond to the center of the lens, in some embodiments). Both
clear aperture 110 and clear aperture 120 are circular in shape, with aperture 120 having a
shightly larger diameter than aperture 110. Generally, the size of the apertures can vary and are
set s that they provide the user with adequate on-axis vision (through aperture 110) and
adequate near-vision {through aperture 120) while not being so large as to significantly impede
the effect of the contrast reduction in peripheral vision due to the scattering area. Typically, both
clear apertures have diameters of 2 mia or more {(e.g., 3 mm or more, 4 mm or more, S mm or
more, such as 10 mm or less).

Non-circular apertures are also possible (see below for specific examples). For instance,
the horizontal width of an aperture can be different from a vertical height of the apertures. In
FIG. 1, the horizontal widths of apertures 110 and 120 are designated wiio and wio, respectively.
Generally, the horizontal widths of the apertures can be the same or different. In some
embodiments, such as illustrated in FIG. 1, wizo can be larger than wio. For example, wizo can
be 10% or more larger than wiie {e.g., 20% or more, 30% or more, 40% or more, 50% or more,
75% or more, 100% or more, such as 200% or less, 150% or less, 120% or less). In some
embodiments, the wize 1s selected so that, for near vision, the user’s visual axis stays within the

clear aperture 120 while the user is engaged with a specific task during which their eye
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horizontally scans a visual field {e.g., while reading). This can be advantageous where it allows
the user to scan the visual field through the clear aperture without having to move their head.

The distance between the apertures can also vary and is typically set so that the apertures
correspond to comfortable on-axis vision and comfortable near-vision for the user. The distance
between the closest edges of the clear apertures can be 1 mm or more (e.g., 2 mm or more, S mm
or more, such as 10 mm or fess).

A distance between the centers of aperture 110 and aperture 120, denoted &y in FIG. 1,
can vary so that aperture 120 corresponds to gaze direction of the user when focused on near
objects. In some embodiments, Snr can be in a range from 0.5 mm to 20 mm {e.g., 0.6 mm or
more, 0.7 ram or more, 0.8 mun or more, 0.9 mun or more, 10 rom or more, 11 mm or more, 12
mm or more, 13 mm or more, 14 mm or more, e.g., 19 mm or less, 18 mm or less, 17 mm or less,
16 mm or less, 15 mm or less).

The separation between aperture 110 and aperture 120 depends on the size of each
aperture and the distance between thewr centers. In some embodiments, this separation can be 0.5
mm or more {e.g., 1 mm or more, 2 muw or more, 3 mm or more). The separation can be less
than 10 mm (e.g., 9 mm or less, 8 mm or less, 7 mm or less, 6 mm or less, 5 mum or fess).

Light scattering area 130 includes scattering centers which scatter at least some of the
light incident on the lens in these areas. This can reduce contrast of the peripheral vision of a
user, which is believed to reduce development of myopia in a user. Generally, scattering centers
can include features {(e.g., protrusions or depressions} on a surface in the lens or inclusions in the
bulk lens material. Patterns of scattering centers suitable for the light scattering area are
described, for example, in PCT Application WO 2018/026697, entitled “OPHTHALMIC
LENSES FOR TREATING MYOPIA,” filed on July 31, 2017, in Provisional Application No.
Y2/671,992, entitied “OPHTHALMIC LENSES WITH LIGHT SCATTERING FOR
TREATING MYOPIA” filed May 13, 2018, and in U8, Patent Publication No. US-2019-
0235279-Al, entitled “OPHTHALMIC LENSES WITH LIGHT SCATTERING FOR
TREATING MYOPIA” published on August 1, 2019. The contents of each of these
applications are incorporated herein by reference in their entirety. .

In general, the nature of the scattering centers can be selected based on a vanety of
design parameters to provide a desired degree of light scattering on the user's retina. Generally,

these design parameters include the scattering center density, their size and shape, and their
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refractive index, for example, and are discussed in more detail below. Ideally, the scattering
centers are selected to provide high visual acuity on the fovea and reduced image contrast on
other parts of the retina with sufficiently low discomfort to the wearer to allow for extended,
continuous wear. For instance, it can be desirable for children to be comfortable wearing the
eyeglasses for most, it not all, of a day. Alternatively, or additionally, scattering centers can be
designed for specific tasks, especially tasks which are believed to strongly promote eyelength
growth, e.g., video gaming, reading or other wide angle, high contrast image exposure. For
example, in such situations (e.g., where the user experiences high contrast in their peripheral
vision and/or situations that do not require the wearer to move and to orient themselves using
peripheral vision), the scattering intensity and scatter angle in the periphery can be increased,
while considerations of consciousness and self-esteem may be less of a concern. This can lead to
a higher efficiency in peripheral contrast reduction in such high contrast environment.

1t 1s believed that reduced 1mage contrast on the fovea of the user’s eye is less efficient at
controlling eve growth than reducing image contrast on other parts of the user's retina.
Accordingly, the scattering centers can be tailored to reduce {e. g., minimize) light scattered into
the user's fovea, while relatively more of the light on other parts of the retina is scattered light.
The amount of scattered light on the fovea can be affected by the size of the clear apertures, but
also by the nature of the scattering centers, especially those closest to the clear apertures. In some
embodiments, for example, the scattering centers closest to the clear apertures can be designed
for less efficient light scattering than those further away. Alternatively, or additionally, in some
embodiments scattering centers closest to the clear apertures can be designed for smaller angle
forward scattering that those further from the aperture.

In certain embodiments, scatiering centers can be designed to deliver reduced narrow
angle scattering and increased wide angle scattering through geometry of scatiering centers to
create even light distribution on retina/low contrast signal, while preserving visual acuity. For
example, the scattering centers can be designed to generate significant wide forward angle
scattering {e.g., such as more than 10%, 20% or more, 30% or more, 40% or more, 50% or more,
deflected by more than 2.5 deg.). Narrow angle forward scattering, 1.e., within 2.5 deg., can be
kept relatively fow {e.g., 50% or less, 40% or less, 30% or less, 20% or less, 10% or less).

In general, a variety of different metrics can be used to evaluate the performance of

scattering centers in order to optimize them for use in myopia reducing eye-glasses. For example,

9
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scattering centers can be optimized empirically, e g | based on physical measurements of lenses
with different scattering centers shapes, sizes, and layouts. For example, light scattering can be
characterized based on haze measurements, such as international test standards for haze (e.g.,
ASTM D1003 and BS EN IS0 13468). Conventional hazemeters can be used, e.g., a BYK-
Gardner haze meter (such as the Haze-Gard Plus mnstrument) that measures how much light is
totally transmitted through a lens, the amount of light transmitted undisturbed (e.g., within 0.5
deg ), how much is deflected more than 2.5 deg. , and clarity (amount within 2.5 deg }, which can
be considered a measure for narrow angle scattering. Other equipment can also be used to
characterize light scattering for purposes of empirically optimizing scattering patterns. For
example, equipment that measures light diffusion by measuring light in annular ring around 2.5
deg. can be used {e.g., equipment from Hornell described in standard EN 167).

Alternatively, or additionally, scattering centers can be optimized by computer modelling
software {e.g., Zemax or Code V).

In some embodiments, scattering centers can be designed based on optimization of a
point spread function, which 1s a representation of an image of the scatiering center on the retina.
For example, the size, shape, composition, spacing and/or refractive index of the scattering
centers can be varied to evenly spread dlumination of retina such that the retina outside of fovea
is homogeneously blanketed with scattered light to reduce (e.g., minimize) contrast at this region
of the retina.

In some embodiments, the optimization of light scattering blanketing the peripheral retina
accentuates the intensity of scattered light vs. undisturbed hight 1n certain areas of the retina to
more strongly suppress high contrast images. High contrast images, e.g., reading black and white
text, tend to stem more from the lower half of the visual orbit. Therefore, a stronger blanketing of
the upper retinal orbit with scattered light can be beneficial to reduce the signal for axial length
erowth, while reducing the visual impact, e g, glare or halos, on the upper visual orbit.

Alternatively, or additionally, scattering centers can be designed based on optimization of
a modulation transfer function, which refers to the spatial frequency response of the human
visual system. For instance, the size, shape, and spacing of the scattering centers can be varied to
smoothen attenuation of a range of spatial frequencies. Design parameters of the scattering
centers can be varied in order to increase or decrease certain spatial frequencies as desired.

Generally, the spatial frequencies of interest for vision are 18 cycles per deg. on the fine side,

10
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and 1.5 cycles per deg. on the course side. Scattering centers can be designed to provide
increased signal at certain subsets of spatial frequencies within this range.

The aforementioned metrics can be used to evaluate scattering centers based on the size
and/or shape of the scattering centers, both of which can be varied as desired. For example, the
scattering centers can be substantially round (e.g., spherical}, elongate (e.g., ellipsoidal}, or
irregularly-shaped. Generally, where scattering centers are protuberances on a surface of the
lens, the protuberances should have a dimension (e.g., diameter) that is sufficient large to scatter
visible light, vet sufficiently small so as not to be resolved by the wearer during normal use. For
example, the scattering centers can have a dimension in a range from about 0.001 mm or more
{e.g., about 0.005 mm or more, about 0.01 mmm or more, about 0.015 mm or more, about 0.02
mm or more, about 0.025 mm or more, about 0.03 mm or more, about $.033 mum or more, about
0.04 mm or more, about 0.045 mum or more, about 0.05 num or more, about $.055 mm or more,
about 0.06 mm or more, about .07 mm or more, about 0.08 mm or more, about 6.09 mm or
more, about 0.1 mm) to about 1 mum or less (e.g., about 0.9 mm or less, about 0.8 mm or less,
about 0.7 mm or less, about 0.6 num or less, about 0.5 mm or less, about 0.4 mm or less, about
0.3 rom or less, about 0.2 mam or less, about 0.1 mm).

Note that for smaller scattering centers, e g, having a dimension that s comparable to the
wavelength of light (e.g., 0.001 mm to about 0.05 ram), the light scattering may be considered
Raleigh or Mie scattering. For larger scattering centers, e.g., about 0.1 mm or more, light
scattering may be mostly due to geometric scattering,

In general, the dimension of the scattering centers may be the same across each lens or
may vary. For example, the dimension may increase or decrease as a function of the location of
the scattering center, e.g., as measured from the clear aperture and/or as a function of distance
from an edge of the lens. In some embodiments, the scattering center dimensions vary
monotonically as the distance from the center of the lens increases {e.g., monotonically increase
or monotonically decrease}. In some cases, monotonic increase/decrease in dimension includes
varying the diameter of the scattering centers linearly as a function of the distance from the
center of the lens.

The shape of scattering centers can be selected to provide an appropriate light scattering
profile. For example, the scaitering centers can be substantially spherical or aspherical. In some

embodiments, scattering centers can be elongated in one direction {e.g., in the horizonal or
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vertical direction}, such as in the case of elliptical centers. In some embodiments, the centers are
irregular in shape.

Generally, the distribution of scattering centers in scattering area 130 can vary to provide
an appropriate level of light scattering. In some embodiments, scattering centers are arranged in
a regular array, e.g., on a square grid, spaced apart by a uniform amount in each direction. In
general, the scattering centers are spaced so that, collectively, they provide sufficient contrast
reduction in the viewer's periphery for myocpia reduction. Typically, smaller spacing between
scattering centers will result in greater contrast reduction (provided adjacent scattering centers do
not overlap or merge). In general, scattering centers can be spaced from their nearest neighbor by
an amount in a range from about 0.05 mm (e g., about 0.1 mm or more, about 0.15 mm or more,
about 0.2 mm or more, about 0.25 mm or more, about 0.3 mm or more, about 0.35 mm or more,
about 0.4 mm or more, about .45 mumn or more, about 0.5 nun or more, about 0.55 mm or more,
about 0.6 mm or more, about 0.65 mm or more, about 0.7 mm or more, about 0.75 mm or more)
to about 2 mm (e.g., about 1.9 mm or less, about 1.8 mm or less, about 1.7 mm or less, about 1.6
num or less, about 1.5 mm or less, about 1.4 mm or less, about 1.3 mm or less, about 1.2 mm or
less, about 1.1 mm or less, about 1 mm or less, about 0.9 mm or less, about 0.8 mm or less). As
an exarple, spacing can be 0.55 mm, 0.365 mum, or 0.240 mm.

Scattering centers may be arraved in grids that are not square. For example, hexagonal
{e.g., hexagonally close packed) grids may be used. Non-regular arrays are also possible, e g,
random or semi-random placement may be used.

In general, the coverage of a lens by scattering centers can vary as desired. Here,
coverage refers to the proportion of the lens's total area, as projected onto the plane shown in
FIG. 1 that corresponds to a scattering center. Typically, a lower scattering center coverage will
vield lower scattering than higher coverage (assuming individual scattering centers are discrete,
i.e., they do not merge to form larger scattering centers). Scattering center coverage can vary
from 5% or more to about 75%. For example, coverage can be 10% or more, 15% or more, 20%
or more, 25% or more, 30% or more, 35% of more, 40% or more, 45% or more, such as 50% or
55%). Coverage can be selected according to a comfort level of a user, e.g., to provide a level of
peripheral vision sufficiently comfortable that the wearer will voluntarily wear the eveglasses for
extended periods {e.g., all day} and/or according to the desired intensity with which the axial eyve

length growth signal is suppressed.
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It is believed that light from a scene that is incident on the lens in scattering area 130
between the scattering centers contributes o a recognizable image of the scene on the user's
retina, while light from the scene incident on the scattering centers does not. Moreover, at least
some of the light incident on the scattering centers is transmitted to the retina, so has the effect of
reducing image contrast without substantially reducing light intensity at the retina. Accordingly,
it is believed that the amount of contrast reduction in the user's peripheral field of view 15
correlated to (e.g., i1s approximately proportional to) the proportion of the surface area of the
reduced-contrast areas covered by the scattering centers.

In general, the scattering centers are intended to reduce the contrast of images of objects
in the wearer's peripheral vision without significantly degrading the viewer's visual acuity in this
region. For example, the scattering centers can be scatter predominantly into wide angles. Here,
peripheral vision refers to the field of vision outside of the field of the clear aperture. Tmage
contrast in these regions can be reduced by 40% or more (e.g., 45% or more, 50% or more, 60%
or more, 70% or, more, 80% or more) relative to an image contrast viewed using the clear
aperture of the lens as deternuned. Contrast reduction may be set according to the needs of each
mdividual case. It is believed that a typical contrast reduction would be in a range from about
50% to 55%. Contrast reductions of lower than 50% may be used for very mild cases, while
subjects who are more predisposed might need a higher than 55% contrast reduction. Peripheral
visual acuity can be corrected 1o 20/30 or better (e.g., 20/25 or beiter, 20/20 or better} as
determined by subjective refraction, while still achieving meaningful contrast reduction. In
embodiments, contrast reduction can result in loss of two or fewer Stellen chart ines (g, 1.5 or
fewer lines, one line or less), where one hine of loss corresponds 1o a visual acuity drop from
20/20 to 20/25,

Contrast, here, refers {o the difference in luminance between two objects within the same
field of view. Accordingly, contrast reduction refers o a change in this difference.

Contrast and contrast reduction may be measured in a variety of ways. In some
embodiments, contrast can be measured based on a brightness difference between different
portions of a standard pattern, such as a checkerboard of black and white squares, obtained
through the clear aperture and scattering center pattern of the lens under controlled conditions.

Alternatively, or additionally, contrast reduction may be determined based on the optical

transter function (OTF) of the lens (see, 2.2,
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http://www. montana. edv/jshaw/documents/18%20EELES82 815 OTFMTF pdf). Foran OTF,
contrast is specified for transmission of stimult in which light and dark regions are sinusoidally
modulated at different “spatial frequencies.” These stimuli look like alternating light and dark
bars with the spacing between bars varying over a range. For all optical systems the transmission
of contrast is lowest for the sinusordally varying stimuli having the highest spatial frequencies.
The relationship describing the transmission of contrast for all spatial frequencies is the OTF.
The OTF can be obtained by taking the Fourier transform of the point spread function. The point
spread function can be obtained by imaging a point source of light through the lens onto a
detector array and determining how light from a point 1s distributed across the detector.

In the event of conflicting measurements, the OTF is technique is preferred. In some
embodiments, contrast may be estimated based on the ratio of the area of the lens covered by
scattering centers compared to the area of the clear apertures. In this approximation, it is
assumed that all the hight that hits the scattering centers becomes uniformly dispersed across the
entire retinal area, which reduce the amount of light available 10 highter areas of an nuage and
this adds light to darker areas. Accordingly, contrast reduction may be calculated based on hight
transmission measurements made through the clear apertures and scattering area of a lens.

Light scattering area 130 has a circular shape, although other shapes are also possible
{e g, elliptical, polyvgonal, or other shape). The size of light scattering area is typically selected
so that reduced contrast of the user’s peripheral vision 1s expertenced over a substantial part of
the user’s visual field, even when not locking directly through the on-axis aperture. Light
scattering area 130 can have a diameter {or maximum dimension, for non-circular areas} of 30
mm or more {e.g., 40 mm or more, 50 mum or more, 60 mm or more, 70 mm or more, 80 mm or
more e.g., 100 mm or fess, 90 mm or less, 80 mm or fess, 70 mm or fess, 60 mm or less). In
some embodiments, the light scattering area extends to the edge of the lens,

In some embodiments the periphery of the light scattering area can be blended with the
clear area by gradually reducing the light scattering amount, density or power.

In some embodiments the clear area can exhibit a lower amount of light scattering
compared to the light scattering area.

Referring to FIG. ZA, eveglasses 101 include two lenses 100a and 100b in eveglass
frames 150. Each lens corresponds to lens 100 shown in FIG. 1, shaped and sized to fit frames

150 with the second clear aperture 120 aligned below clear aperture 110 along the axis 132, an
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angle o from the vertical axis. In each case, the offset angle o is in the direction of the user’s
nose. While this angle 1s the same in lenses 1002 and 100b, m some embodiments, the offset
angle can be different. For example, different offset angles can be used to accommaodate
variations between the vergence for each eye.

Referring to FIGS. 2B and 2C, clear apertures 110 and 120 can be sized, shaped, and
positioned in eyeglasses 101 to provide a line of sight through aperture 110 along the Standard
Line of Sight of a user {e.g., for distance vision} and to provide a line of sight through aperture
120 along the Normal Line of Sight Sitting {e.g., for near vision, such as for reading). Clear
aperture 110 can be sized and positioned to provide a line of sight through the clear aperture for
+2° or more (&.g., £3° or more, £4° or more, =57 or more, such as £10° or less, £9° or less, £8°
or less, £7° or less, £6° or less) in the vertical and/or horizontal directions. The angular range in
the horizontal and vertical directions can be the same or different. The angular range in the
upper visual field can be the same or different as the angular range in the lower visual field.

Clear aperture 120 can be sized and positioned to provide a line of sight through the clear
aperture for £2° or more {e.g., £3° or more, =4° or more, £5° or more, such as £10° or less, £9°
or less, =8° or less, =7° or less, =6° or less} in the vertical and/or horizontal directions about the
Normal Line of Sight Sitting axis. The angular range in the horizontal and vertical directions can
be the same or different. In some embodiments, clear aperture 120 can have a horizontal width
sufficient sc that the user has a line of sight through the aperture in the Symbol Recognition
region, e.g., at 15° below the Standard Line of Sight. For example, the horizontal width of clear
aperture 120 can be sized to provide a line of sight through the clear aperture for up to £30° (e.g,
up to £25°, up to £20°, up to £15°, up to £12°).

While ophthalmic lens 100 features a circular distance vision aperture and a circular near
vision aperture, more generally, one or both of these apertures can be have non-circular shapes,
e.g., to provide desired field of view side along the Standard Line of Sight axis and the Normal
Line of Sight Sitting axis. For example, either or both clear apertures can be elliptical,
polvgonal, or have wrregular shapes.

In some embodiments, an ophthalmic lens can include a single elongated aperture that
extends from a distance vision region of the lens to the near vision region. For example,
referring to FIG. 3

an ophthalmic lens 300 mcludes a clear elliptical aperture 310 and a circular

7

fight scattering area 330 surrounding the clear aperture 310, The circular light scattering area
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330 15 also substantially centered with respect to the lens center. Scattering area 330 is also
surrpunded by clear area 340,

Clear aperture 310 15 an elliptical aperture with one end positioned near the center of the
lens, and extends radially out within the circular light scattering area 330 towards clear area 340.
Thus, the aperture extends from the distance-vision area near the center of the lens, to the near-
vision area of the lens near the edge of the circular light scattering area 330, The major axis of
the elliptical aperture extends cut along an axis 332 that is offset by an angle, g, from the vertical
axis of the lens. In general, u can vary. In some embodiments, o is 45° or less, e.g., about 30° or
less, about 25° or less, about 20° or less, about 15° or less, about 10° or less, about 8° or less,
e.g.. 1° or more, 2° or more, 3° or more, 4° or more, 5° or more, or 0°. Generally, the offset
angle can be selected to accommuodate the path of the user’s eye when they focus on near objects.
Generally, the offset angle can be selected to accommaodate the path of the user’s eye when they
focus on near objects.

While clear aperture 310 is elliptical in shape, other shapes are possible (e.g., polygonal
or any other shape, such as a dipole or peanut shape). Generally, the size of the apertures can
vary and are set so that they provide the user with adequate on-axis vision (through the first end
of aperture 310) and adequate near-vision {through the second end of aperture 320). The
apertures should not be so large as to significantly impede the effect of the contrast reduction in
peripheral vision due to the scattering area in far, near or intermediate vision scenarios.

Aperture 310 has a height, /2, along the vertical direction. In general, % can be chosen so
that the aperture spans the distance vision area to a near vision area. In some embodiments, 7
can be sufficiently large to accommodate variations in placement of eyeglasses, e.g., through
rotation of the eyeglasses about the wearer’s nose bridge or where the eveglasses slide down the
wearer’s nose. In other words, the aperture has a height sufficient so that the wearer still sees
through clear aperture 310 in instances where the position or orientation of the eyeglasses shift
on the wearer during normal use. Generally, # can be in a range from 10 mm t0 25 mm {e.g., 12
mm or more, 15 mm or more, 18 mm or more, e.g., 22 mm or less, 20 mm or less).

In another example, referring to FIG. 4, an ophthalmic lens 400 includes a first clear
aperture 410 and a circular hight scattering area 430 surrounding the first clear aperture 410.

First clear aperture 410 is positioned substantially near the center of lens 400, Scattering area
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430 15 also substantially centered with respect to the lens center. Scattering area 430 is also
surrpunded by a clear area 440.

A second clear aperture 420 15 also provided in the circular ight scattering area 430.
Second clear aperture 420 s circular, and is aligned along an axis 432 that is offset by angle, a,
from the vertical axis of the lens.

The lens 400 also includes a transition area 460 that has different scattering properties
than the scattering area 430 for reducing contrast in a user’s peripheral vision. For example,
transition area 460 can have reduced scattering compared to scattering area 430 {e.g., by a lower
density of scattering centers, a different size of scattering, while still providing some contrast
reduction for peripheral vision when the user is engaged in viewing through either clear aperture
410 or clear aperture 420. Transition area 460 can coincide with the natural vergence path of the
user’s eye when transitioning from distance vision to near vision.

Both clear aperture 410 and clear aperture 420 are circular 1n shape, with aperture 420
having a slightly larger diameter than aperture 410, In some emnbodiments, the second aperture
could have the same size diameter, or a smaller diameter, than the first aperture. More generally,
other shapes are possible {e.g., polygonal or any other shape) and the size of the apertures can
vary and are set 50 that they provide the user with adequate on-axis vision (through aperture 410}
and adequate near-vision {through aperture 420} as described previously.

As noted previously, the shape of the clear apertures can vary. Referring to FIG. 5, an
ophthalmic lens 500 mcludes a first clear tear-drop shaped aperture 510 and a circular hight
scattering area 530 surrounding the first clear aperture 510, First clear aperture 510 15 positioned
substantially near the center of lens 500, Scattering area 530 15 also substantially centered with
respect to the lens center. Scattering area 530 15 also surrounded by a clear area 540,

A second tear-drop shaped clear aperture 520 is also provided in the circular hight
scattering area 530. Second clear aperture 530 1s aligned along an axis 532 that is offset by an
angle, a, from the vertical axis of the lens. Clear aperture 510 is a distance vision aperture,
which can be engaged for distance-vision activities such as reading road signs. The second clear
aperture 520 1s a near vision aperture, which can be engaged for near-vision activities.

While the foregoing examples include clear apertures (i.e., apertures devoid of scatters)
for both near and distance vision, other implementations are also possible. For example,

referring to FIG. 6, an ophthalmic lens 600 includes a first clear aperture 610 and a circular light
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scattering area 630 surrounding the first clear aperture 610, First clear aperture 610 1s positioned
substantially near the center of lens 600 for distance vision. Scattering area 630 is also
substantially centered with respect to the lens center. Scattering area 630 1s also surrounded by a
clear area 640.

Rather than a second clear aperture, lens 600 includes an area 620 with different
scattering properties compared to light scattering area 630 positioned for near-vision. For
example, area 620 can provide less light scattering compared to area 630 such that a contrast
reduction of images viewed through area 620 are not as substantial as images viewed through
area 630. In some embodiments, area 620 can have a lower density of light scattering centers
compared to area 630. Alternatively, or additionally, the size and/or shape of light scattering
centers in area 620 can be different than the size and/or shape of light scattering centers in area
630, Area 620 is aligned along an axis 632 that 1s offset by an angle, g, from the vertical axis of
the lens.

Light scattering area 630 includes scattering centers which scatter at least some of the
light

In soroe embodiments, the near-vision aperture can extend to the edge of the scattering
area of the lens. For example, referring to FIG. 7, an ophthalmic lens 700 includes a clear
elliptical aperture 710 and a circular light scattering area 730 surrounding the clear aperture 710.
The circular light scattering area 730 15 substantially centered with respect to the lens center.
Scattering area 730 18 also surrounded by a clear area 740,

One end of the clear aperture 710 15 positioned near the center of the lens, while the
aperture 710 extends radially to the edge of light scattering area 730 and nto the clear area 740,
encompassing both the distance-vision area near the center of the lens and the near-vision area of
the lens near the edge of the circular light scattering area 730. The clear aperture 710 extends
out along an axis 732 that is offset by an angle, o, from the vertical axis of the lens.

As noted previously, while clear aperture 710 is elliptical in shape, other shapes are
possible (g.g., polygonal or any other shape).

In the foregoing embodiments, the ophthalmic lens is a single vision, toric, aspheric or
optically neutral or plano (i.e., no optical power) lens. More generally, other embodiments are
also possible. For instance, multifocal lenses such as bifocal (e.g., prismatic bifocals), trifocal,

multi-focal, freeform or progressive lenses can be used.
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As an example, referring to FIG. 8, bifocal lens 800 has two areas of differing optical
power. Bifocal ophthalmic lens 800 includes a first clear aperture 810, for distance vision, and a
circular light scattering area 830 surrounding the first clear aperture 810, Scattering area 830 s
also surrounded by a clear area 840. A second clear aperture 820, for near-vision, is also
provided in hight scattering area 830, aligned along an axis 832 that is offset by an angle, «, from
the vertical axis of the lens. A near-vision area 870 occupies a lower area of the lens (with
respect to the vertical axis), and has an optical power selected to facilitate near-vision tasks.
Near-vision aperture 820 1s located in this area of the lens. The near-vision lens area 870
overlaps near-vision aperture 820, and can be larger than the aperture (as shown in Figure 8),
about the same size as, or smaller than the near-vision aperture 820, Near vision area 870 can
have an add power of +0.25 D or more {e.g., +0.5 D or more, +0.75 D or more, +1.0 D or more,
+1.25 D or more, +1.5 D or more, +2 D or more, +2.5 D or more. +3 D or more; such as up to +5
D, for example) over the base curve.

When multi-focal lenses are used, the near-vision lens area serves two functions. When
the viewer 13 looking through the distance viewing aperture, the near-viewing area provides
peripheral defocus. Peripheral defocus is known to reduce myopic progression, for example as
described in U.S. Patent 7,025,460, When the viewer is looking through the near-vision aperture,
the near-vision lens area typically contains positive lens power {i.e., it has more dioptric focusing
compared to the distance viewing portion of the lens) to help the user focus for near vision tasks.

The rest of the lens area has a different optical power selected for distance vision task.
Aperture 810 is located in the distance vision lens area.

In some embodiments, a prismatic bifocal lens can be used. For instance, a 1-A or more
{e.g., 2-A or more, 3-A or more, 4-A or more; such as up to 5-A) base-in prism can be added to
near vision area 870. Use of prismatic bifocals can reduce myopic progression in children
compared to use of normal bifocals and that including base-in prism with a scattering area may
provide further benefit in this respect.

Referring to FIG. 9, a progressive lens 900 can also be used. Progressive lenses are
typically characterized by a gradient of increasing lens power, added to the wearer's correction
for the other refractive errors. The gradient siarts at the wearer's distance prescription at the top
of the lens and reaches a maximum addition power, or the full reading addition, lower in the lens

to match the natural path of the eye as it focuses on near objects. The length of the progressive
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power gradient on the lens surface generally depends on the design of the lens, with a final
addition power usually between 0.75 and 3.50 diopters.

As itlustrated, lens 900 includes five different zones, separated by dotied lines 922, 923,
924, and 925 in the figure. These include a near-viewing zone 911, an intermediate zone 912, a
distance-viewing zone 913. Such a lens may also include peripheral distortion zones 914 and
915. Although demarcated by dotted lines, the variation 1n optical power from one zone to the
next is typically gradual

With respect to the scattering/clear properties of the lens, progressive ophthalmic lens
900 includes a clear outer region 940, a light scattering area 930, and a first clear aperture 910
for distance vision and a second clear aperture 920 for near vision. Second clear aperture 920 1
aligned along an axis 932 that 15 offset by an angle, o, from the vertical axis of the lens. Distance
vision clear aperture 910 overlaps (in this case, partially) with distance-viewing zone 913 of the
progressive lens, while near vision aperture 920 overlaps with near-viewing zone 911.

In general, any of the clear aperture arrangements disclosed can be used with a multifocal
lens {e.g., a bifocal or progressive lens). Furthermore, 10 some embodiments when a multifocal
lens 15 used, second clear aperture (e.g., aperture 920 in lens 9000 is aligned specifically on an
area of the lens having add power for near vision. For example, the location of the second
aperture can have an optical power of +0.2S D {e.g., +0.5 D or more, +0.75 D or more, +1.0D or
more, +1.25 D or more, +1.5 D or more, +1.75 B or more, +2.0 B or more} or more compared to
the optical power of the lens at the first clear aperture {1.e., the aperture for distance vision}.

FIG. 10 shows a further example of an ophthalmie lens 10600 having an on-axis clear
aperture 1010 and a second clear aperture 1620 offset from the axis by distance dnr along
divection 1032, Apertures 1010 and 1020 are linked by a clear neck 1022, providing a combined
clear aperture having a dumbbell shape within a scattering area 1030, Scattering area 1030 is
surrounded by a clear area 1040, Aperture 1020, which is aligned for near vision activities, such
as reading, has a horizontal width wiezo that is substantially larger than its vertical height, hiozo.
For example, wiozo can be 1.5 % hiozo or more {(e.g., 1.8 < hiozo or more, 2 X hiozo or more, 2.5 X
hioae or more, 3 % hioze or more, e.g., upto S % hioo). In some embodiments, wioo can
correspond o the solid angle spanned by a user’s eye when reading a standard page of text at a
typical reading distance. The solid angle can be £10° or more (e.g,, +12° or more, £15° or

more).
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The foregoing example lenses all include a clear aperture for distance vision, which
typically located at the center of the lens. However, other embodiments are also possible. For
example, referring to FIG. 11, in some embodiments, 2 lens can include a clear aperture located
only at the near-vision axis, not the distance vision axis. Here, an ophthalmic lens 1100 includes
a single clear aperture 1120, the center of which is offset from a central lens axis 1101 {e.g., by
an amount onr as discussed above).

Furthermore, while the foregoing embodiments feature a scattering area having features
{(1.e., scattering centers) that scatter, rather than focus, incident light, other implementations are
also possible. For example, a lens can include one or more lenslets having an optical power
different from the base lens in the areas identified as “scattering areas” in the embodiments
described above. Examples of such lenslets are disclosed, for example, in U 8. Patent No.
10,268,050 entitled “Spectacle Lens” issued on April 23, 2019, and in PCT Publication WO
2019/166633, entitled “Lens Element” published on September 6, 2019, Referring to FIG. 12,
an example lens 1200 includes a clear cuter region 1240, a light scattering area 1230, a first clear
aperture 1210 for distance vision and a second clear aperture 1220 for near vision. Second clear
aperture 1220 1s aligned along an axis 1232 that is offset by an angle, o, from the vertical axis of
the lens.

Generally, the optical properties of lenslets can vary depending on the degree of defocus
considered appropriate for a user. For example, the lenslets can be spherical or aspherical.  The
lenslets can have positive or negative optical power. In some embodiments, the optical power of
the lenslets 1s zero {e.g., wherein the base power of the lens is strongly negative). The lenslets
have each have the same optical power or different lenslets can have differing optical power. In
some embodiments, Ienslets can have an add power of +0.25 D or more (e.g., +0.5 DD or more,
+0.75 D or more, +1.0 D or more, +1.25 D or more, +1.5 D or more, +1.75 D or more, +2.0D or
more, +3.0 D or more, +4.0 D or more; such as up to +5.0 D) compared to the base optical power
of the lens. In certain embodiments, lenslets can have an add power of -0.25 D or less {e.g., -0.5
D orless, -0.75 D or less, -1.0 D or less, -1.25 D or less, -1.5 D or less) compared to the base
optical power of the lens

The size of the lenslets can also vary as appropriate. The lenslets can have a diameter of
0.5 mm or more {e.g., 0.8 mm or more, | mm or more, 1.5 mm or more, 2 mm or more, 3 mm or

more; such as up (o 5 mun).

2
Fa



WO 2020/113212 PCT/US2019/063982

Scattering area 1230 includes scattering centers as described above. In addition,
scattering area 1235 inchudes lenslets 1235 arranged in rings around aperture 1210, The lenslets
mtroduce defocus to portions of a wavetront that would otherwise be focused onto the user’s
retina. Scattering centers are included at the locations of lenslets 1235, For example, scattering
centers can be formed on a surface of each lenslet 1235, on the opposite lens surface but
overlapping with the same lateral positions as lenslets 1235, and/or included within the bulk of
lens 1200 overlapping laterally with lenslets 1235 In some embodiments, scattering centers are
included between lenslets 1235, but do not laterally overlap with the lenslets. In certain
embodiments, the scattering area of the lens includes only lenslets, but not additional scattering
centers.

In some embodiments, the lens can be a digitally surfaced lens. Such lenses are tailored
for each individual wearer and fabricated based on the wearer’s prescription with computer-
controlled surfacing equipment that is more precise than conventional tools. Digital lenses
fabrication techuology can allow for surfacing of lenses i power increments of 0.01 diopter,
compared with 0.125 10 0.25 diopter increments typically possible with traditional eveglass lens
tooling. The fabrication of digital lenses can account and be customized for a variety of factors,
such as: (1) the lenses position in front of the wearer’s eves in the eyeglass frame to provide the
most accurate lens power; (i) the angle between the eye and the back surface of the lens in
different gaze positions (for example, when the wearer 1s looking off to the side rather than
straight through the center of the lens); (iu} the frame size; and/or (iv) the position of the
wearer’s pupil within the frame outline. In general, digital lenses can be single vision lenses,
freeform or multifocal lenses.

While the prior examples utilizing multifocal lenses each include two discrete circular
apertures, more generally, the principles and aperture arrangements described with respect to the
single vision lenses above {e.g., as shown in Figures 3, 5, 7, 10 and other irregular shapes) can be
similarly applied to multifocal lenses.

Furthermore, in general for the lenses described above, patterns of scattering centers
suitable for the light scattering area are described, for example, in PCT Application WO
2018/026697, entitled “OPHTHALMIC LENSES FOR TREATING MYQPIA,” filed on July
31, 2017, and in Provisional Application No. 62/671,992, entitled “OPHTHALMIC LENSES
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WITH LIGHT SCATTERING FOR TREATING MYOPIA,” filed May 15, 2018, The contents
of both of these applications are hereby incorporated by reference in their entirety.

Generally, the lenses described herein can be formed in a variety of ways, such as using
the methods disclosed in PCT Application WO 2018/626697, entitled “OPHTHALMIC
LENSES FOR TREATING MYOPIA,” filed on July 31, 2017, in Provisional Application No.
62/671,992, entitled “OPHTHALMIC LENSES WITH LIGHT SCATTERING FOR
TREATING MYOPIA” filed May 15, 2018, and in U 8. Patent Publication No. US-2019-
0235279-A1, entitled “OPHTHALMIC LENSES WITH LIGHT SCATTERING FOR
TREATING MYOPIA,” published on August 1, 2019,

Also, while the apertures described above are generally clear apertures (1.e., free of
scattering centers), more generally the apertures can correspond to areas have scattering centers
but sized and arranged so that the amount of light scattering 1s reduced compared to a scattering
TegIon.

EXAMPLE

Referring to FIG. 13, an example pattern for scattering centers is shown for a lens 1300,
and mcludes a clear aperture 1310 and a scattering area 1330 surrounding the clear aperture.
Clear aperture 1310 1s constituted of two circles 1310a and 1310b with thewr centers offset by 6.5
mm along an angle, o, of 14°. Circle 1310a is centered on the lens axis corresponding to the
distance vision direction and has a 7 mm diameter. Circle 1310b has a 5 mm diameter. The
perimeter of clear aperture 1310 follows circles 1310a and 1310b at the opposite sides of the
aperture and follows tangential lines 1310c¢ connecting the two circles between the circles.

Scattering area 1330 is constituted of ink jet printed scattering centers, printed according

to the pattern described shown in FIG. 5B in U.S. Patent Publication No. US-2019-0235279-A1.

Other embodiments are in the followmg claims.
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What is claimed is:

1. An ophthalmic lens, comprising:

a lens material having two opposing curved surfaces, the curved surfaces defining a lens
optical axis perpendicular to a first of the curved surfaces where the lens optical axis intersects a
first curve surface of the curved surfaces;

a light scattering region comprising light scattering centers, the light scattering region
being defined by a first continuous portion of the lens in which the light scattering centers are
spaced apart from each other by 2 mm or less; and

a non-circular aperture extending from the lens optical axis to an outer periphery of the
light scattering region along only a single radial direction that is perpendicular to the lens optical
axis, wherein the non-circular aperture is defined by a second continuous portion of the lens
different from the first continuous portion, the second continuous portion being free of the light

scattering centers.

2. The ophthalmic lens of claim 1, further comprising a clear area surrounding the

light scattering region, wherein the non-circular aperture is continuous with the clear area.

3. The ophthalmic lens of claim 1, comprising a region having a first optical power
at the lens optical axis and a region having a second optical power different from the first optical

power, wherein the non-circular aperture overlaps with both regions.

4. The ophthalmic lens of claim 3, wherein the first optical power is selected to

correct for a refractive error of a user for distance vision.

5. The ophthalmic lens of claim 3, wherein the second optical power is selected to

correct for a refractive error of a user for near vision or magnify to aid in near vision work.

6. The ophthalmic lens of claim 3, wherein the ophthalmic lens is a progressive or

freeform lens.
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7. The ophthalmic lens of claim 3, wherein the ophthalmic lens is a bifocal lens.

8. The ophthalmic lens of claim 7, wherein the bifocal lens is a prismatic bifocal
lens.

0. Eyeglasses comprising the ophthalmic lens of claim 1.

10. The eyeglasses of claim 9, wherein the non-circular aperture extends along an

axis that defines a non-zero angle, a, with a vertical axis of frames of the eyeglasses.
11. The eyeglasses of claim 10, wherein the angle, a, corresponds to a path of a
user’s eye when a direction of the user’s gaze transitions from a first end of the non-circular

aperture to a second end of the non-circular aperture.

12. The eyeglasses of claim 10, wherein the angle, a, corresponds to a path of a

natural vergence path of a user’s eyes when switching from distant vision to near vision.

13. The eyeglasses of claim 10, wherein the angle, a., is in a range from 5° to 20°.

14.  The eyeglasses of claim 10, wherein the non-circular aperture of the ophthalmic

lens is elongated in a vertical direction of the eyeglasses.

15.  The eyeglasses of claim 10, wherein the non-circular aperture of the ophthalmic

lens is elongated in a horizontal direction of the eyeglasses.

16. The eyeglasses of claim 15, wherein the non-circular aperture that is elongated in

the horizontal direction is located for near vision during use of the eyeglasses.

25





