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Lenses, Devices, Methods and Systems for Refractive Error

Field

Certain disclosed embodiments include lenses, devices and/or methods for changing or
conirolling ihe wavefront of lighi eniering an eye, in pariicular a human eye.
Certain disclosed embodiments are directed to the configuration of lenses, devices,

methods and/or systems for correcting or treating refractive errors.

Certain disclosed embodiments are directed to the configuration of lenses, devices,
methods and/or systems for addressing refractive errors while provide excellent vision from far

to near without significant ghosting.

Certain disclosed embodiments include lenses, devices and/or methods for correcting,
treating, mitigating and/or addressing refractive error, in pérticular in human eyes. The refractive
error may for example arise from myopia or hyperopia, with or without astigmatism. The
refractive error may arise from presbyopia, either alone or in combination with myopia or

hyperopia and with or without astigmatism.

Certain disclosed embodiments of lenses, devices and/or methods include embodiments
that address foveal vision; certain embodiments that address both foveal and peripheral vision;

and certain other embodiments address peripheral vision.

Exemplary of lenses in the fields of certain embodiments include contact lenses, corneal

onlays, corneal inlays, and lenses for intraocular devices (both anterior and posterior chamber).

Exemplary devices in the fields of certain disclosed embodiments include

accommodating intraocular lenses and/or electro-active spectacle lenses.

Exemplary methods in the fields of certain embodiments include methods of changing the
refractive state and/or wavefront of light entering an eye and received by a retina of the eye (e.g.
refractive surgery, corneal ablation), methods of design and/or manufacture of lenses and optiéal
devices, methods of surgery to alter the refractive state of an eye and methods of controlling

stimulus for progression of eye growth.
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Cross Reference to Related Materials

This application claims priority to Australian Provisional Application No. 2012/901,382,
entitled, “Devices and Methods for Refractive Error Control” filed on 5 April 2012, and
Australian Provisional Application No. 2012/904,541 entitled Lenses, Devices and Methods for
Ocular Refractive Error”, 17 October 2012. These Australian Provisional Applications are both
incorporated herein by reference in their entirety. In addition, U.S. Patent Nos. 7,077,522 and

7,357,509 are each incorporated herein by reference in their entirety.

For an image to be perceived clearly, the optics of the eye should result in an image that
is focussed on the retina. Myopia, commonly known as short-sightedhess, is an optical disorder
of the eye wherein on-axis images are focussed in front of the fovea of the retina. Hyperopia,
commonly known as long-sightedness, is an optical disorder of the eye wherein on-axis images
are focussed behind the fovea of the retina. The focussing of images in front of or behind the
fovea of the retina creates a lower order aberration of defocus. Another lower order aberration is
astigmatism. An eye may also have higher order optical aberrations, including, for example,
spherical aberration, coma and/or trefoil. Many people experiencing natural refractive error are
progressing (the refractive error is increasing over time). Progression is particularly widespread
in people with myopia. Schematic representations of eyes exhibiting myopia or hyperopia and
astigmatism are shown in Figures 1A-C respectively. In a myopic eye 100, the parallei incoming
beam of light 102 ‘passes the refractive elements of the eye, namely, the cornea 104 and
crystalline lens 106, to a focal point 108 short of the retina 110. The image on fhe retina 110 is
therefore blurred. In a hyperopic eye 120, the parallel incoming beam of light 122 passes the
refractive elements of the eye, namely, the cornea 124 and crystalline lens 126, to a focal point
128 beyond thé retina 130, again rendering the image on the retina 130 blurred. In an astigmatic
eye 140, the parallel incoming beam of light 142 passes the refractive elements of the eye,
namely, cornea 144 and crystalline lens 146, and results in two foci, namely tangentiél 148 and
sagittal 158 foci. In the example of astigmatism shown in Figure 1C, the tangenﬁal focus 148 is

in froﬁt the retina 160 while the sagittal focus 158 is behind the retina 160. The image on the

retina in the astigmatic case is referred to as circle of least confusion 160.
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At birth human eyes are generally hyperopic, i.e. the axial length of the eyeball is too
short for its optical power. With age, from infancy to adulthood, the eyeball continues to grow
until its refractive state stabilizes. Elongation of the eye in a growing human may be controlled
by a feedback mechanism, known as the emmetropisation process, so that the position of focus
relative to the retina plays a role in controlling the extent of eye growth. Deviation from this
process would potentially result in refractive disorders like myopia, hyperopia and/or
astigmatism. While there is ongoing research into the cause of deviation of emmetropisation
from stabilising at emmetropia, one theory is that optical feedback can provide a part in

controlling eye growth. For example, Figure 2 shows cases that would, under a feedback
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2A, the parallel incoming beam of light 202 passes through a negative refractive element 203
and the refractive elements-of the eye (the cornea 204 and crystalline lens 206), to form an image
at focus point 208, overshooting the retina 210. The resulting image blur on the retina, called -
hyperopic defocus, is an example of defocus that may encourage eye growth under this feedback
mechanism. in contras‘[,‘ as seen In Figure 2B, ihe parailel incoming beam of light 252 passes
through a positive refractive element 253, the refractive elements of the eye (cornea 254 and

crystalline lens 256) to form an image at focus point 258 in front of the retina 260. The resulting

- image blur, called myopic defocus, on this retina is considered to. be an example of defocus

induced at the retina that would not encourage eye growth. Therefore, it has been proposed that
progression of myopic refractive error can be controlled by positioning of the focué in front of
the retina. For an astigmatic system, the spherical equivalent, i.e. the mid-point between the
tangential and sagittal foci, may be positioned in front of the retina. These proposals have not

however provided a full explanation or solution, particularly in the case of progressing myopia.

A number of optical device designs and refractive surgery methods have been prbposed
to control the growth of the eye during emmetropisation. Many are generally based on
refinements to the idea summarised above that foveal imagery provides a stimulus that controls
the growth of the eye. In humans, the eye grows longer during emmetropisation and cannot grow
shorter. Accordingly, during emmetropisation an eye may grow longer to correct for hypéropia,
but it cannot grow shorter to correct for myopia. Proposals have been made for addressing

myopia progression.
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In addition to proposed optical strategies to counter the development of refractive error
and its progression, in particular myopia, there has also been interest in strategies that involve

non-optical intervention like pharmacological substances, such as atropine or pirenzipine.

_ Another condition of the eye is presbyopia, in which the eye’s ability to accommodate is
reduced or the eye has lost its ability to accommodate. Presbyopia may be experienced in
combination with myopia, hyperopia, astigmatism and higher order aberrations. Different
methods, devices and lenses to address presbyopia have been proposed, including in the form of
bifocal, multifocal or progressive addition lenses/devices, which simultaneously provide two or
more foci to the eye. Common types of lenses used for presbyopia include the following: single
vision reading glasses, bifocal or multifocal spectacles; centre-near or centre-distance bifocal and
multifocal contact lenses, concentric (ring-type) bifocal contact lenses or multifocal intraocul.ar
lenses.

. wrm 4ha Aeserctnllioa
lGll, vl UUUaDlUll ll. lD ll‘d\l‘tbbﬂl] lU ICIOVe Ui Cf yalall 11C

£~

T nan  mera
i all C)’C 10U

=

ROV o
111D Ul

example if the person is suffering from cataracts. The removed natural crystalline lens may be

replaced by an intraocular lens. Accommodating intraocular lenses allow the eye to control the

refractive power of the lens, for example through haptics extending from the lens to the ciliary

body.

Masking has been proposed as a way to improve the depth of focus of the eye. However,
masking results in loss of light to the eye which is an undesirable quality as it at least deteriorates
the contrast of the images cast on the retina. In addition, these features are a challenge to

implement on lenses for example, contact and/or intra ocular lenses.

oblems with existing lenses, devices, methods and/or systems are that, f

Some p or

example, they attempt to correct refractive errors but compromise the quality of the vision at
different distances and/or introduce ghosting and/or distortion. Accordingly, what is needed are
lenses, devices, methods and/or systems for mitigating and/or addressing refractive errors, for

example, myopia, hyperopia or presbyopia, with or without astigmatism, without causing at

discussed herein.
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Summary

Certain embodiments are directed to various lenses, devices and/or methods for providing
an aberration profile for an eye. Characteristics of aberration profiles and/or methbdologies for
identifying aberration profiles are described for myopic eyes, hyperopic eyes and/or presbyopic

eyes. In addition lenses, devices and methods for an eye with astigmatism are disclosed.

In certain' embodiments, a lens for an eye has an optical axis and an aberration profile

about its optical axis, the aberration proﬁle having a focal distance and including at least one of a
primary spherical abe--a-io component C(4,0) and a secondary spherical aberration com
C(6,0). The aberration profile provides a retinal image quality (RIQ) with a through focus slope
that degrades in a direction of eye grbwth; and a RIQ of at least 0.3. The RIQ is Visual Strehl
Ratio measured along the optical axis for at least one pupil diaméter in the range 3 mm to 6 mm,

over a spatial frequency range of 0 to 30 cycles/degree inclusive and at a wavelength selected
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be different.

In certain embodiments, a lens includes an optical axis and an aberration profile about the
optical axis that provides a focal distance for a C(2,0) Zernike coefficient term; a peak Visual
Strehl Ratio (‘first Visual Strehl Ratio”) within a through focus range, and a Visual Strehl Ratio
that remains at or above a second Visual Strehl Ratio over the through focus range that includes
said focal distance, wherein the Visual Strehl Ratio is measured for at least one pupil diameter in
the range 3 mm to 5 mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive, at a
wavelength selected from within the range 540 nm to 590 nm inclusive, and wherein the first
Visual Strehl Ratio is at least 0.35, the second Visual Strehl Ratio is at least 0. 10} and the through

focus range is at least 1.8 Dioptres.

In certain embodiments, a method for a presbyopic eye includes identifying a wavefront
aberration profile for the eye, the wavefront aberration profile including at least two spherical

aberration terms. The prescription focal distance of the aberration profile is determined taking
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D relative to a focal distance for a C(2,0) Zernike coefficient term of the wavefront aberration
profile. The method may include producing a device, lens and/or corneal profile for the eye to

affect said wavefront aberration profile.
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In certain embodiments, a method for a myopic eye includes identifying a wavefront
aberration profile for the eye and applying or prescribing the aberration profile. The wavefront
aberration profile includes at least two spherical aberration terms, wherein the prescription focal

distance of the aberration profile is determined taking into account said spherical aberration and
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Zemike coefficient term of the wavefront aberration profile. The wavefront aberration profile

also provides a degradirig retinal image quality in the direction posterior to the retina.

Certain embodiments are directed to, a method for a hyperop‘ic eye, the method
comprising identifying a wavefront aberration profile for the eye and applying or prescribing the
aberration profile. The wavefront aberration profile includes at least two spherical aberration
terms, wherein the prescription focal distance of the wavefront aberration profile is determined
taking into account said spherical aberration. At thé prescription focal distance the wavefront
aberration profile provides an improving retinal image quality in the direction posterior to the

retina.

In certain embodiments a computational device includes an input to receive first

. combination of aberrations, one or more processors to compute a second combination of

aberrations for one or more optical surfaces, and an output to output the second combination of

aberrations, wherein the computed second combination of aberrations provides in combination
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as disclosed herein. In certain embodiments, the computational device may be used to generate
power profiles, aberration profiles, wavefront ablation profiles or combinations thereof. These
computations may then be used for contact lenses, corneal inlays, corneal onlays, single and dual
element intra-ocular lenses anterior and/or posterior chamber, accommodative intra-ocular
ienses, wavefront abiation for corneai refraciive surgery techniques and other suitabie devices

and/or applications.

Further embodiments and or advantages of one or more embodiments will become
apparent from the following description, given by way of example and with reference to the

accompanying drawings.
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Brief description of the drawings

These and other features, aspects, and advantages of the present disclosure will become better
understood with regard to the following description, appended claims, and accompanying

figures.

Figures 1A-1C are schematic representations of eyes exhibiting myopia, hyperopia - and

astigmatism respectively.

Figures 2A and 2B are schematic representations respectively of hyperopic defocus and myopic

defocus induced at the retina.

plane without higher order aberrations (HOA) and in the presence of HOA of spherical

aberration, vertical coma and horizontal trefoil, according to certain embodiments.

Figures 4 to 7 show graphs of the interaction of primary spherical aberration with horizontal
coma, vertical coma, horizontal trefoil and vertical trefoil respectively, according to certain

embodiments.

Figure 8 shows a graph indicating the magnitude of myopia progression under an optical
feedback mechanism for eye growth, for primary spherical aberration vs. primary vertical

astigmatism vs. primary horizontal astigmatism, according to certain embodiments.

Figure 9 shows a graph indicating the magnitude of myopia progression for primary spherical
aberration vs. secondary vertical astigmatism vs. secondary horizontal astigmatism, according to

certain embodiments.

Figure 10 shows a graph indicating the myopia progression on a binary scale for primary

spherical aberration vs. secondary spherical aberration, according to certain embodiments.

Figure 11 shows a graph indicating the myopia progression on a binary scale for primary

spherical aberration vs. tertiary spherical aberration, according to certain embodiments.

Figure 12 shows a graph indicating the myopia progression on a binary scale for primary

spherical aberration vs. quaternary spherical aberration, according to certain embodiments.

Figure 13 shows a graph indicating the myopia progression on a binary scale for primary
spherical aberration vs. secondary spherical aberration vs. tertiary spherical aberration, according

to certain embodiments.
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Figure 14 shows example designs of aberration profiles that provide negative and positive

gradient RIQ in a direction of eye growth, according to certain embodiments.

Figure 15 shows a work flow chart for myopic eyes, progressing or non-proéressing, according

to certain embodiments.

Figure 16 shows a work flow chart for hyperopic eyes, progressing or non-progressing towards

emmetropia, according to certain embodiments.

Figures 17 to 25 show example designs of power profiles of correcting lens across the optic zone

diameter, for affecting optical feedback mechanisms for myopia, according to certain

embodiments.

Figure 26 shows an example design of a power profile of correcting lens across the optic zone
diameter, for affecting optical feedback mechanisms for hyperopia, according to certain

embodiments.

Figure 27 shows a global through-focus retinal image quality (TFRIQ) for an aberration profile

corresponding to a single vision lens.

Figure 28 shows a global TFRIQ for a first aberration profile (Iteration A1), which may have

application to a progressing myopic eye.

Figure 29 shows the power profile for a lens for providing the first aberration proﬁlé (Iteration

Al), according to certain embodiments.

Figure 30 shows a global TFRIQ for a second aberration proﬁle (Iteration A2), which may also
have application to a progressing myopic eye, according to certain embodiments.

Figure 31shows the power profile across full chord diameter for a second aberration profile

Ao A D e AN mmaaaadl
(lteration A2), accordi

Figures 32 and 33 show a global TFRIQ fo£ a third and fourth aberration profile (Iteration C1

and Iteration C2 represented as power profiles across optic chord diameter in Figures 34 and 35),

which may have application to a hyperopic eye, according to certain embodiments.

Figure 36 shows a retinal image quality (RIQ) for seven aberration profiles over a through focus
range of 2.5D. The seven aberration profiles correspond to example centre-distance and centre-
near aspheric multifocals and coneentric ring/annulus type bifocals and three exemplary

aberration profiles (Iteration B1, Iteration B2, Iteration B3) obtained after optimising through

focus performance, according to certain embodiments.. ] o , o _ ,
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Figures 37 to 43 show the power profiles of contact lenses across the dptic zone diameter, for

providing the TFRIQ described in Figure 36, according to certain embodiments.

Figures 44 to 46 show the on-axis TFRIQ for the three exemplary embodiments for presbyopia
(Iteration B1, B2 and B3) across four pupil diameters (3 mm to 6 mm) and Figures 47 and 48
show the on-axis TFRIQ for the centre-distance and centre-near concentric designs across four

pupil diameters (3 mm to 6 mm) , according to certain embodiments.

Figures 49 and 50 show the on-axis TFRIQ for the centre-distance and centre-near aspheric
multifocal designs across four pupil diameters (3 mm to 6 mm) , according to certain

embodiments.

Figures 51 and 52 show a monocular correction approach for presbyopia, where different higher

. order aberration profiles provided for the right and left eyes, by which the through-focus optical

and/or visual performance is different in the right and left eye (desired vergences) to provide a
combined add power range of 1.5D and 2.5D, on the negative side of through-focus curve,

respeciively, according io ceriain embodiments.

Figures 53 and 54 show a monocular correction approach for presbyopia, where different higher-
order aberration proﬁles provided for the right and left eyes, by which .the through-focus optical
and/or visual performance is different in the right and left eye (desired vergences) to provide a
combined add power range of 1.5D and 2.5D, on the positive side of through-focus curve,

respectively, according to certain embodiments.

F igure 55 shows a global TFRIQ for three further iterations of aberration profile (Iterations A3,

A4 and A5 represented in Figure 56, 57 and 58, respectively), for providing a substantially

constant retinal image quality across a horizontal visual field from 0 to 30 degrees, according to

Figures 59 and 60 show example designs of the power profile of correcting contact lenses with
opposite phase profiles (Iteration E1 and Iteration E2) and Figures 61 to 63 show the on-axis
TFRIQ for Iterations E1 and E2 with three different levels of inherent primary spherical

aberration of the candidate eye, according to certain embodiments.
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Figure 64 shows the TFRIQ perfbrmance measures (depth of focus) of 78 exémplary aberration
profiles (Appendix A) that involve a combination of spherical aberration terms. The Y-axis in
the graph denotes ‘Q’ performance metric and X-axis denotes the through-focus range from -1.5

to +1D. In this exemplary, the calculations were performed at 4 mm pupil. The solid black line

indicates the through-focus performance of a combination that does not have a mode of spherical

aberration while the gray lines indicate the 78 combinations which include at least one higher
order spherical aberration term. The 78 combinations were selected with regard to performance

on the negative side of the through-focus curve, according to certain embodiments.

Figure 65 shows the TFRIQ performance of one exemplary combination from Figure 56 that
involves only positive spherical aberration in comparison with a combination that has no

s

spherical aberration, according to certain embodiments.

Figure 66 shows the TFRIQ performance measures (depth of focus) of 67exemplary aberration
profiles that involve a combination of spherical aberration terms (Appendix C). The Y-axis in
the graph denotes ‘Q’ performance metric and X-axis denotes the through-focus range from -1.5
to +1D. In this exemplary, the calculations were performed at 4mm pupil. The solid black line
indicates the through-fdcus performance of a combination that does not have a mode of spherical
aberration while the gray lines indicate the 67 combinations which include at least one higher
order spherical aberration term. These 67 combinations improve performance on the positive

side of the through-focus curve, according to certain embodiments.
Figure 67 shows a work flow chart for presbyopic eyes, according to certain embodiments.

Figure 68 shows a power profile for a toric prescription of a contact lens for both astigmatism

and presbyopia, according to certain embodiments.

is availed from an

exemplary

T

Figure 69 shows an example lens power p

combination of spherical aberration terms and Figure 70 shows the lens power profile converted

to an axial thickness profile for a contact lens, according to certain embodiments.

Figure 71 shows an example of axial power profile of lens across a complete chord diameter
(Iteration G1), which is one exemplary of design set whose performance is substantially

independent of inherent spherical aberration of the candidate eye, according to certain

"~ embodiments.
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Figure 72 Shows the TFRIQ of an exemplary, described as Iteration G1, at 4 mm pupil diameter.
Y-axis denotes RIQ performance metric and X-axis denotes through-focus range from -1D to
+1.75D. The four different legends, solid black line, solid gray line, dashed black like and, solid
double line represent four different levels of spherical aberration in a sample of the affected

population at 5 mm pupil diameter, according to certain embodiments.

Figure 73 shows the TFRIQ of an exemplary, described as Iteration Gl, at a 5 mm pupil
diameter. Y-axis denotes RIQ performance metric and X-axis denotes through-focus range from
-1D to +1.75D. The four different legends, solid black line, solid gray line, dashed black like
and, solid double line represent four different levels of spherical aberration in a sample of the

affected population, at 5 mm pupil diameter, according to certain embodiments.

Figure 74 shows an example of axial power profile of a lens across a half- chord diameter
(Iteration J1), which is one exemplary of design set for an intra-ocular lens used to restore vision
at distances, encompassing far to near, after removal of the crystalline lens in the eye, according
to certain embodiments. Figure 75 shows an example of axial thickness profile of a lens
(Iteration J1) across a half- chord diameter, which is one exemplary of design set for an intra-
ocular lens used to restore vision at distances, encompassing from far to near, after removal of

the crystalline lens in the eye, according to certain embodiments.

Figures 76 show power profiles of eleven different contact lenses across a half-chord diameter,
ihese eieven different designs (iierations Ki to Kii). These are some designs of commerciai
available lenses. .

Figures 77 show power profiles of four different lenses across a half-chord diameter, these four

different designs (Iterations R1 to R4) are exemplary of certain embodiments.

Figure 78 show the normalised absolute of amplitude spectrum of a Fast Fourier Transform of
eleven different contact lenses (Iterations K1 to K11) as a function of spatial frequency in

Cycles/mm. These are the eleven lenses presented in Figure 76.

Figure 79 show the normalised absolute of amplitude spectrum of a Fast Fourier Transform of
four different lens designs (Iterations R1 toR4) as a function of spatial frequency in Cycles/mm.

These four designs are exemplary of certain embodiments.

Figure 80 show the absolute first derivative of eleven different contact lenses (Iteration K1 to
K11) as a function of half-chord diameter (mm). These are the eleven lenses presented in Figure
76.
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Figure 81 show the absolute first derivative of four different contact lenses (Iteration R1 to R4) |
as a function of half-chord diameter (mm). These four designs are exemplary of certain

embodiments.

Figure 82 show the average subjective ratings measured on a visual analogue scale for distance
vision for a sample of an affected presbyopic population. Four of the lenses H to K are

exemplary of certain embodiments, while lenses A to G are commercial lenses.

Figure 83 show the average subjective ratings measured on a visual analogue scale for
intermediate vision for a sample of an affected presbyopic population. Four of the lenses H to K

are exemplary of certain embodiments, while lenses A to G are commercial lenses.

Figure 84 show the average subjective ratings measured on a visual analogue scale for near
vision for a sample of an affected presbyopic population. Four of the lenses H to K are

exemplary of certain embodiments, while lenses A to G are commercial lenses.

Figure 85 show the average subjective ratings measured on a ghosting analogue scale for
distance vision for a sample of an affected presbyopic population. Four of the lenses H to K are

exemplary of certain embodiments, while lenses A to G are commercial lenses.

Figure 86 show the average subjective ratings measured on a ghosting analogue scale for near
vision for a sample of an affected presbyopic population. Four of the lenses H to K are

exemplary of certain embodiments, while lenses A to G are commercial lenses.

Figure 87 show the average subjective ratings measured on a visual analogue scale for overall
vision for a sample of an affected presbyopic population. Four of the lenses H to K are

exemplary of certain embodiments, while lenses A to G are commercial lenses.

- Figure 88 show the average subjective ratings measured on a lack of ghosting analogue scale for

25

230

distance vision for a sample of an affected presbyopic population. Four of the lenses H to K are

exemplary of certain embodiments, while lenses A to G are commercial lenses. -

Figure 89 show the average subjective ratings measured on a lack of ghosting analogue scale for

near vision for a sample of an affected presbyopic population. Four of the lenses H to K are



10

15

20

25

30

13

Figure 90 show the average subjective ratings measured on a ghosting analogue scale for
distance and near vision combined for a sample of an affected presbyopic population. Four of the

lenses H to K are exemplary of certain embodiments, while lenses A to G are commercial lenses.

Figure 91 show the average subjective ratings measured on a visual analogue scale for
cumuiative performance of vision inciuding distance, intermediate, near vision and lack of
ghosting at distance and near for a sample of an affected presbyopic population. Four of the

lenses H to K are exemplary of certain embodiments, while lenses A to G are commercial lenses.

Figure 92 shows the percentage of people whose subjective rating score on a visual analogue
scale was greater than 9, for distance vision. The data were obtained from a sample of an
affected presbyopic population. Four of the lenses H to K are exemplary of certain embodiments,

while lenses A to G are commercial lenses.

Figure 93 shows the percentage of people whose subjective rating score on a visual analogue
scale was greater than 9, for intermediate vision. The data were obtained from a sample of an
£elan lnmana
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while lenses A to G are commercial lenses.

Figure 94 shows the percentage of people whose subjective rating score on a visual analogue
scale was greater than 9, for near vision. The data were obtained from a sample of an affected
presbyopic population. Four of the lenses H to K are exemplary of certain embodiments, while

lenses A to G are commercial lenses.

Figure 95 shows the percentage of people whose subjective rating score on a visual analogue
scale was greatei' than 9, for overall vision. The data were obtained from a sample of an affected
presbyopic population. Four of the lenses H to K are exemplary of certain embodiments, while
len A to G are com

mmercial lenses,

Figure 96 shows the percentage of people whose subjective rating score on a ghosting analogue
scale was greater than 3, for distance vision. The data were obtained from a sample of an
affected presbyopic population. Four of the lenses H to K are exemplary of certain embodiments,

while lenses A to G are commercial lenses.

Figure 97 shows the percentage of people whose subjective rating score on a ghosting analogue
scale was greater than 3, for near vision. The data were obtained from a sample of an affected
presbyopic population. Four of the lenses H to K are exemplary of certain embodiments, while

lenses A to G are commercial lenses.
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Figure 98 shows the percentage of people whose subjective rating score on a visual analogue
scale was greater than 9, for cumulative vision. The cumulative vision rating was obtained by |
averaging the distance, intermediate, near, overall vision ratings, also including lack of ghosting

for distance and near. The data were obtained from a sample of an affected presbyopic

are commercial lenses.

Figure 99 shows the average objective measures of high-contrast visual acuity on a sample of an
affected pfesbyopic population. The measures were obtained using a test distance of 6 metres -
and presented in log MAR scale. Four of the lenses H to K are exemplary of certain

embodiments, while lenses A to G are commercial lenses.

Figure 100 shows the average objective measures of contrast sensitivity on a sample of an
affected presbyopic population. The measures were obtained using a test distance of 6 metres
and presented in log scale. Four of the lenses H to K are exemplary of certain embodiments,

while lenses A to G are commercial lenses.

Figure 101 shows the average objective measures of low-contrast visual acuity on a sample of an
affected presbyopic population. The measures were obtained using a test distance of 6 metres
and presented in log MAR scale. Four of the lenses H to K are exemplary of certain

embodiments, while lenses A to G are commercial lenses.

Figure 102 shows the average objective measures of intermediate visual acuity on a sample of an
affected presbyopic population, using a test distance of 70 centimetres. The measures are
presented in log MAR scale. Four of the lenses H to K are exemplary of certain embodiments,

while lenses A to G are commercial lenses.

affected presbyopic population, using a test distance of 50 centimetres. The measures are
presented in log MAR scale. Four of the lenses H to K are exemplary of certain embodiments,

/

while lenses A to G are commercial lenses.

‘Figure 104 shows the average objective measures of near visual acuity on a sample of an

affected presbyopic populétion, using a test distance of 40 centimetres. The measures are
presented in log MAR scale. Four of the lenses H to K are exemplary of certain embodiments,

while lenses A to G are commercial lenses.
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Figure 105 shows the average objective measures of combined visual acuity on a sample of an
affected presbyopic population. The combined visual acuity includes measures at distance,
intermediate and near at 50 cm. The measures are presented in log MAR scale. Four of the lenses

H to K are exemplary of certain embodiments, while lenses A to G are commercial lenses.

Figure 106 shows the average objective measures of combined visual acuity on a sample of an
affected presbyopic population. The combined visual acuity includes measures at distance,
intermediate, near at 50 cm and near at S0 cm. The measures are presented in log MAR scale.
Four of the lenses H to K are exemplary of certain embodiments, while lenses A to G are -

commercial lenses.

Figure 107 shows the percentage of people whose subjective rating score on a visual analogue
scale was equal to 1, for ghosting at distance or near. The data were obtained from a sample of
an affected presbyopic population. Four of the lenses H to K are exemplary of certain

embodiments, while lenses A to G are commercial lenses.

o an o o am e o \ PR

108 shows the percentage of people whose subjective raiing score on a visual analogue
scale was less than 2, for ghosting at distance and near. The data were obtained from a sample of
an affected presbyopic population. Four of the lenses H to K are exemplary of certain

embodiments, while lenses A to G are commercial lenses.
Detailed Description

The present disclosure will now be described in detail with reference to one or more
embodiments, some examples of which are illustrated and/or supported in the accompanying

figures. The examples and embodiments are provided by way of explanation and are not to be

taken as limiting to the scope of the disclosure.

Furthermore, features illustrated or described as part of one embodiment may be used by
themselves to provide other embodiments and features illustrated or described as part of one
embodiment may be used with one or more other embodiments to provide a further
embodiments. It will be understood that the present disclosure will cover these variations and

embodiments as well as other variations and/or modifications.
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It will be understood that the term “comprise” and any of its derivatives (e.g., comprises,

cbmprising) as used in this specification is to be taken to be inclusive of features to which it

refers, and is not meant to exclude the presence of any additional features unless otherwise stated

or implied. The features disclosed in this specification (including accompanying claims, abstract,

purpose, unless expressly stated otherwise.

The subject headings used in the detailed description are included only for the ease 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 construing the scope of the

claims or the claim limitations.

The optical and/or visual performance of the human eye may be limited by one or more
optical and/or visual factors. Some of the factors may include monochromatic and polychromatic
optical wavefront aberrations and the retinal sampling which may impose a Nyquist limit on
spatial vision. Some other factors may include the Stiles-Crawford effect and/or scattering.
These factors or combinations of these factors may be used to determine retinal image .quality
(RIQ), according to certain embodiments. For ex.ample retinal image quality (RIQ) may be
obtained by measunng wavefront aberrations of the eye with or without a correctmg lens in place

using appropriate adjustments using factors such factors as Stiles Crawford effect if requlred As

disclosed herein, various wavs of r]ptprmn'nno RIQ may also be used such ag

WAL WAN S wes Aiwa wassg T ea ~ VY e ] S e 2a oy

but not limited to,
a simple Strehl ratio, point spread function, modulation transfer function, compound modulation
transfer function, phase transfer function, optical transfer function, Strehl ratio in spatial domain,

Strehl ratio in Fourier domain, or combinations thereof.

Section 1: Retinal image quality (RIQ)

With use of a wavefront aberrometer, such as a Hartmann-Shack instrument, the optical
characteristics of a candidate eye with or without refractive correction, model eye with or
without refractive correction can be measured so as to identify a measure of retinal image quality

T TN\ ‘l‘ . PR

(RIQ). In some ex

mples, the model eye used may be a physical model that is an:
optically equivalent to an average human eye. In certain examples, the RIQ can be calculated via
optical calculations like ray-tracing and/or Fourier optics. Several measures of RIQ are described

herein.
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(A) Strehl Ratio

Once the wavefront aberration of the candidate eye is availed, the image quality at the

- retina of the eye can be determined by comf)uting the simple Strehl ratio, as described in the

Equation 1. In certain applications, the image quality at the retina of the eye may be
characterised by caicuiating a simple Strehi ratio as iiiustrated in Equation 1. The Strehi ratio can
be computed in both spatial domain (i.e. using Point spread function) and in Fourier domain (i.e.
using Optical transfer function as shown below in equation 1). The Strehl ratio measure is bound

between 0 and 1, where 1 is associated with best achievable image quality.

Strehl'sratio =

e {A (p, 6) * exp [—"{%‘ « Wdiff(p, o)]} 2)
Equation 1

(B) Visual Strehl Ratio

U.S. Patent 7,077,522 B2 describes a vision mefric called the sharpness metric. This
metric can be computed by convolving a point spread function with a neural quality function.
Further, U.S. Patent 7,357,509 describes several other metrics to gauge optical performance of

the human eye. One such RIQ measure is the Visual Strehl Ratio, which is calculated in the -

frequency domain. In certain applications, the RIQ measure is characterised by Visual Strehl

Ratio which is calculated in the frequency domain. The Visual Strehl Ratio in the frequency

- domain is described by Equation 2 and is bound between 0 and 1, where 1 is associated with best

achievable image quality at the retina. This metric addresses monochromatic aberrations.

monoechromatic RIQ
_ 22 esE(fof,) real(FT(IFT {400,6) < exp |52« w(p,0)]}12))
T CSF(f,. £,) * FTFT{4(p,6) » exp [2EE « waiif £(5,6)]} 1))

- Equation 2

The RIQ measure of monochromatic Visual Strehl Ratio shows high correlation with
objective and subjective visual acuity. This measure may be used to describe RIQ in certain

disclosed embodiments. However, other measures described herein and alternatives thereto may

be used in the design of optical devices, lenses and/or methods.




18

(C) Polychromatic RIQ \

The Visual Strehl Ratio defined by Williams, discussed above, addresses monochromatic

light. To accommodate for polychromatic light, a metric éalled the polychromatic retinal image

5 quality (polychromatic RIQ) is defined that includes chromatic aberrations weighed with spectral
sensitivities for selected wavelengths. The polychromatic RIQ measure is defined in Equation 3.

In certain applications, the polychromatic RIQ measure is characterised by Equation 3.

polychromatic RIQ

r-m" 27‘ _ wazl

rrtec M-.J '
[ ”} * exp l“— * Wip, &

T CSF(fofy) s Zimenis{ay = (re

’ 1102
( i
T CSF(f f,) » Zims (5 « ('mwr{ . )*exn[zT*Wdsz(p ]} :2»))

A)Iﬁm
Hri

\_.l

Equation 3
10 (D) Monochromatic Global RIQ

The Visual Strehl Ratio or monochromatic RIQ discussed hereih and in sub-section B .
primarily addresses on-axis vision. As used herein, unless the context clearly requires otherwise,
‘on-axis’ is é reference to one or more of the optical, visual or papillary axis. To accommodate
for wide angle view (i.e. peripheral visual field), a metric cailed the global retinal image quality

15 (GRIQ) is defined that includes range of visual field eccentricities. A monochromatic GRIQ
measure is defined in Equation 4. In certain applications, the monochromatic GRIQ measure is

characterised by Equation 4.

monchromatic G l‘obal RIQ .
o S (22 €SF(f £, ) » real(FT(FT [A(p,0) = oxp B wie, 6]} )] do da
Jome o (14 6SE(f,. £,) + (FTFT {A(p,8) » oxp [ZR + W(p,0)]} 1))} dop a2

Equation 4

20

One other form of RIQ metric that accommodates for polychromatic light and wide angle
view (i.e. peripheral visual field), a metric is called the polychromatic global retinal image

| quality (GRIQ) is defined that includes chromatic aberrations weighed with spectral sensitivities -
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for selected wavelengths and range of visual field eccentricities. A polychromatic GRIQ measure -
is defined in Equation 5. In certain applications, the polychromatic GRIQ measure ‘is>

characterised by Equation 5.

polychromatic Global RIQ

mams e s &

e [ (00 CSP (. 1,) + SRS ) « (real FTAPT {A(p,0) » exp [E « o, )]} 1)) dp 2
et [ ({102 CSF(S..f,) » Zmar S = (PTOFT {4(5.6)  exp [« wdif £(0,6)]} 1)) dip i

Equation 5

In Equations 1 to S:

fspeciﬁes the tested spatial frequency, this can be in the range of Fpin to Frax (denoting
the boundary limits on the spatial frequency content), for example Fpi, = 0 cycles/degree;

Fmax = 30 cycles/degree;
Jx and {, specifies the tested spatial frequency in x and y directions;

CSF (f;, fy) denotes a contrast sensitivity function, which in a symmetric form can be
defined as CSF (F) = 2.6(0.0192+0.114*f)* exp ~*!14*0 ",

FT denotes, in one form of the equation, a 2D fast Fourier transform;

A(p, 0) and W(p, 0) denotes pupil diameter & wavefront phase of the test case,

respectively;
Wdiff (p, 0) denotes wavefront phase of the diffraction limited case;

p and 0 are normalised polar coordinates, where p represents the radial coordinate and 6

represents' the angular coordinate or the azimuth;
| A denotes wavelength;

o denotes field angle;

¢ denotes the meridian angle;

S (M) denotes spectral sensitivity.

The wavefront phase, for example, can be written as a function set of standard Zernike

polynomials up to a desired order, as described below,
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Where, @; denotes the i" coefficient of Zernike polynomial
Z(».8), denotes the i™ Zernike polynomial term
‘k’, represents the highest term of the expansion

These polynomials can be represented in the Optical Society of America format or
Malacara format or other available Zernike polynomial expansion formats. Apart from the
Zernike method of constructing the wavefront phase, other non-Zernike methods of wavefront

phase construction may also be adopted, i.e., Fourier expansion, Taylor expansion, etc.
(F) Global RIQ metric integrated myopic impetus exposure time

The factors discussed' herein with regard to RIQ variants include one or more of the
following: wavefront aberration, chromaticity and spectral sensitivity, Stiles-Crawford effect of -
the first kind, and opticai and/or visuai performance in the peripherai retina. Another factor that
may be included is the amount of time spent at various accommodative states on an average day
(the daily amount of near work), also known as the myopic impetus exposure time, T (A). This
provides the following GRIQ variant:

rAmax
T{4) = GRIQ {dA)
Amin I

Equation 6
(G) Other possible RIQ measures

As discussed herein, other measures o-f RIQ may also be used in the design of devices,
lenses and/or methods. One example of an alternative RIQ measure is simple modulation transfer
function (MTF). Referring to Equation 2, a polychromatic MTF is formed by computing the
modulus of real part of the optical transfer function and in addition excluding the step of .
convolution with the CSF function. A monochromatic MTF is formed if S (A) is also removed

from Equation 2. .

Section 2:  Through focus RIQ

RIQ may also be considered anterior and/or posterior to the retina. The RIQ anterior
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and/or posterior to the retina is called ‘through focus RIQ’ herein and abbreviated as TFRIQ
herein. Similarly, RIQ at and/or around the retina may also be considered over a range of focal
lengths (i.e., when the eye accommodates, which causes changes in refractive characteristics of

the eye in addition to the focal leﬁgth to change). Certain embodiments may consider not only
‘ he change in through focus RIQ. This is in contras
that may, for example, consider only the RIQ at the retina and/or an integral or summation of
RIQ measures at or around the retina. For example, certain embodiments of the lenses, devices
and/or methods disclosed herein effect, or are designed to effect for an eye with particular

refractive characteristics, a change in or control over the extent or rate of change in RIQ in the

directions anterior to the retina (i.e., the direction from the retina towards the cornea) and/or -

posterior to the retina. Certain embodiments may also effect, or are designed to effect, a change
in or control over the variation in RIQ with focal distance. For example several candidate lens
designs may be identified through effecting a change in the RIQ in the direction posterior to the

retina and then a single design or subset of designs may be identified taking account of variation

in RIQ with change in focal length. In certain embodiments, the process described above is

-reversed. In particular, a set of designs is selected based on changes in RIQ at the retina with

focal distance. Selection within the set is then made with reference to the TFRIQ. In certain
embodiments, a single evaluation process is conducted that combines consideration of TFRIQ
and changes of RIQ at the retina with the focal distance. For eXample, an average measure of
RIQ with changes in focal distance may be used to identify a design. The average measure may
givé more weight to particular focal distances (e.g. distance vision, intermediate vision and near

vision and therefore may be weighted differently).

In certain embodiments, through focus and/or changes of RIQ at the retina with focal
distance are considered for one or more of the following: i) on-axis, ii) integrated around on-axis,
for example in an area c'orresppnding to or approximating a pupil size, with or without
consideration of the Stiles-Crawford effect, iii) off-axis (where off-axis meahs a location, set of
locations and/or integral of locations on the retina outside the fovea, which may be where light at
field angles more than about 10 degrees is focussed), and iv) one or more combinations of i) to-

olec are abhant 15 ar mara 20 or mare. 25 or mare or 30 or
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more degrees.

While the description herein refers to quantitative measures of RIQ, qualitative measures

may also be used to assist the design process of an aberration profile in addition to the
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quantitative measures. For example, the Visual Strehl Ratio at a particular through focus location
is computed or determined based on the point spread function. As can be seen from the example
images referred to in the following section, the point spread function can be visually evaluated.

This provides for a method of qualitatively evaluating through focus,

Section 3: Aberrations affecting image quality at the retina and TFRIQ

The influence of lower order aberrations on RIQ and TFRIQ is known in the art. The use

of corrective lower order aberrations represents a traditional method of refractive error correction

n ave. Accordin the identification nf an
eye. Accoran 1 won of
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aberrations to correct for defocus and astigmatism will not be described herein in detail.

The influence of higher order aberrations (HOA) on image quality is demonstrated in
Figure 3 from the through-focus two-dimensional point spread functions (300). In Figure 3 the
rows show the point spread functions for a selection of aberrations and the horizontal axis shows

the extent of defocus for the relevant aberration, in Dioptres.

Exemplary HOA on image quality are illustrated in Figure 3, according to certain
embodiments. This is illustrated by the through-focus two-dimensional point spread functions
300 illustrated in Figure 3. In Figure 3, the rows show the poiht spread functions for a selectioﬁ
of aberrations and the horizontal axis shows the extent of ciefocus for the certain relevant

aberration, in Dioptres.

The point spread functions withdut higher order aberrations 302 (in the illustrated
example images at the retina in an eye with myopia or hyperopia alone), with vertical coma 306
alone, and with horizontal trefoil 308 alone, remain symmetrical with positive and negative
defocus. With positive and negative primary spherical aberrations, either aloﬁe 304 or in
combination 310 with coma and/or trefoil, the through-focus in the point spread function is
asymmetrical for positive and negative defocus. With certain HOA positive and negative defocus
has unequal effects on the ixﬁage quality. It can be seen that these unequal effects are more
pronounced for spherical‘aberrations. The HOA that exhibit asymmetrical effects on RIQ, visual
acuity and/or contrast sensitivity have application certain of the lenses, devices and/or methods

disclosed herein.
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The interactions occurring between HOA and defocus influence the TFRIQ. Some HOA
interact favourably with defocus to improve RIQ, while others interact unfavourably to cause
RIQ degradation. The most commonly measured higher order ocular aberrations include
sphérical aberration, coma and trefoil. Apart from these, the HOA profiles obtained with some

multife

al optical designs precipitate considerable magnitudes of wavefront aberrations, often

5 ALl

expressed up to the 10th order in Zernike polynomial representation.

In general terms, in the Zernike pyramid, the terms closer to the centre are often more
influential, or useful, when gauged in terms of the resultant optical effects than those at the
edge/corner. This may be because the terms farther away from the centre have a relatively large
planar area on the wavefront compared to those whose angular frequency is closer to zero. In
certain appliéations, Zernike terms that have the highest potential, or substantially greater
potential, to interact with defocus are, for example, the terms with even radial order having zero
angular frequency component, i.e., the fourth, sixth, eighth, and tenth order Zernike coefficients,
representing primary, secondary, tertiary and quaternary, spherical aberrations. Other Zernike

coefficients representing other order of spherical aberration may also be used.

The foregoing description of aberrations identifies some of the aberrations that affect
retinal RIQ and throﬁgh focus RIQ. The description is not, nor is it intended to be, an exhaustive
description of the various aberrations that affect retinal RIQ and through focus RIQ. In various
embodiments, additional aberrétions that affect the retinal R1Q) and/or through focus RI(Q) may be
considered, the relevant aberrations being identified having regard to the current refractive state
of the ocular system (meaning the eye together with lenses or optical devices that affect the

wavefront received by the retina) and a target retinal RIQ/through focus RIQ.

Section 4: Optimising RIQ

When designing and/or selecting a required change in refractive state of an eye, a
measure of RIQ and through focus RIQ is typically performed for certain disclosed

embodiments. In particular, finding a magnitude and sign of defocus that interacts with one or
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more of the r
typically performed. The search is performed for the best or at least an acceptable combination
of RIQ and through focus RIQ. In certain embodiments, the selected combination is determined

by evaluating the RIQ and the through focus RIQ and selecting the combination that is suitable,



W

10

15

20

25

30

24

substantially optimised, or optimised for the application. In certain embodiments described
herein, a merit function S=1/RIQ is used for this purpose. In certain embodiments, the

approximation of a merit function S = 1/RIQ may be used for this purpose.

Identifying aberration coefficients that optimise, or substantially optimise, RIQ at the
retina may. be achieved, in certain em'bodiments; by finding a minimum, or substantiaily
minimum, value of the function S. Considering the RIQ optimisation routine over a range of
dioptric distances (through-focus) adds complexity to the optimisation process. Various methods

can be used to address this complexity.

One example is to use a non-linear, unconstrained optimization routine, over the chosen
group of Zemike SA coefficients as variables, according to certain embodiments. A random
element, either automatic and/or through human intervention may be incorporated to shift to
different locétions so as to find alternative local minima of the function S. The criteria by which
the optimisation routine evaluates performance may be a combination of retinal RIQ and keeping
the through focus RIQ within predefined bounds of the retinal RIQ. The bounds may be defined

in various ways, for example as a range about the value for retinal RIQ. The range may be fixed

~ (e.g. plus or minus 0.15 for Visual Strehl ratio or similar measure), or may vary (e.g. be within a

defined rate of change with increasing distance from the retina). In certain embodiments, the
range may be fixed to one or more of the following ranges: plus or minus 0.05, or plus or minus
0.1 or plus or minus 0.15. These ranges may be used with ane or more of the following: a simple
Strehl ratio, point spread function, modulation-transfer function, phase transfer function, optical

transfer function, Strehl ratio in Fourier domain, or combinations thereof.

As explained in more detail herein, the goal function for TFRIQ may change depending
on whether the objective of the merit function is to provide a TFRIQ with a slope that provides
stimulus either to inhibit or to encoufage eye growth of the candidate eye, under an optical
feedback explanation of emmetropisation, at least in certain embodiments. In certain other
applications, for example correction to ameliorate presbyopia, the objective of the merit function
is to provide a TFRIQ with an acceptable low slope in magnitude or a slope that substantially
equal to zero. In certain other presbyopic embodiments, a slope with acceptably low in
magnitude for TFRIQ may be considered from one or more of the following: a) slope of TFRIQ
about zero, b) slope of TFRIQ equal to zero, c) slope of TFRIQ greater than zero and less than
0.25 per dioptre, d) slope of TFRIQ greater than -0.25 and less than zero per dioptre, ¢) slope of

TFRIQ greater than zero and less than 0.5 per dioptre or f) slope of TFRIQ greater than -0.5 and
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less than zero per dioptre.

Another approach is to limit the number of possible combinations of aberration profiles.
One way of limiting the possible aberration values is to specify that the Zernike coefficients.can

only have values corresponding to increments of 0.05 um focus, or another increment interval. In

ceriain embodiments, ilie Zernike coefiicients may have values corresponding 1o incremenis of
about 0.01um, about 0.02um, about 0.03um, about 0.04um or about 0.05um. In certain
embodiments, the Zernike coefficients may have values corresponding to increments of 0.01pum,
0.02um, 0.03um, 0.04pum or 0.05pm. In certain émbodiments, the Zemike coefficients may have
values corresponding to from increments selected within one or more ‘following ranges: 0.005pm
to 0.01pm, 0.01pm to 0.02um, 0.02pm to 0.03um, 0.03pm to 0.04um, 0.04pm to 0.05um, or
0.005um to 0.05um. The interval can be selected having regard to the available computational
resources. By limiting the number of allowable coefficient values it is possible to simulate the
performance of a substantial portion of the aberration profiles formed by the combinations of
Zernike coefficients, following which those with the best or acceptable on-axis RIQ and through
focus RIQ can be identified. The results of this process may be used to constrain more ﬁne-turied
analysis, for example by returning to an optimisation routine with coefficient values within a

small range around an identified candidate combination of higher order aberrations.

Seciion 5:  Conirolling siimuius for emmeiropisaiion by opiical feedback

A person may be identified as being at risk of developing myopia based on, for example,
one or more of the following indicators, including whether their parents experienced myopia
and/or myopia, their ethnicity, lifestyle factors, environmental factors, amount of near work, etc.
Other indications or combinations of indicators may also be used, according to certain
embodiments. For example, a person may be identified as being at risk of developing myopia if
their eye and/or eyes have a RIQ at the retina that improves in the direction of eye growth. The
RIQ can be obtained either with or without refractive correction that is currently in use (for
example: with or without a current prescription of spectacle or contact lens). In certain
embodiments, the use of improving RIQ in the direction of eye growth may be used alone or in

conjunction with one or more other indicators, for example the other indicators listed herein.

From one perspective, the emmetropisation process can be explained under an optical

feedback mechanism that is based on RIQ at the retina and/or the slope of TFRIQ in the anterior-
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posterior direction to the retina. According to this perspective on emmetropisation, the candidate
eye is stimulated to grow to the position where the merit function S of the optimisation routine is
minimised or substantially minimised. Under this explanation of emmetropisation process, at

least for human eyes, if the location of a local, or the global minimum of the merit function S,
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application, the substantial minimum of the merit function optlmlsatlon routine may be a local
minimum or global minimum. In other applications, if the location of a local or the global
minimum of the merit function S is posterior to the retina or if through focus RIQ improves
posterior to the retina, then the eye may be stimulated to grow longer. For example, if the
f
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anterior to the retina, then the eye may remain at the same length.

The following description herein describes how combinations of selected HOA can affect |
a change in through focus RIQ. These aberrations can readily be incorporated into a lens, optical
device and/or used in a method of changing the aberration profile of the wavefront of the

3

incoming light received by the retina.

In certain embodiments, characterizations of these aberrations can readily be incorporated
into a lens, optical device and/or used in a method of changing the aberration profile of the

wavefront of the incoming light received by the retina. This provides a mechanism by which

certain embodimentg may change the refractive gtate of a candidate eve_ In certain embhodimen
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the lens, optical device and/or method will at least include the aberration characteristics of the

embodiments to alter the refractive state of a candidate eye.

As described in more detail herein, achieving a target TFRIQ is considered together with
achieving or obtaining substantially closer to a target on-axis RIQ at the retina for a particular
focal length, which is typically distance vision, in certain embodiments, In certain applications,
one or more of the following are referred as distance vision is objects greater than 6 metres. In
other applications, a target TFRIQ may be considered for another focal length alternative to
distance vision, for example intermediate vision or near vision. In some applications,
intermediate vision may be defined as the range from about 0.5 to 6 metres. In some

applications, near vision may be defined as the range from 0.3 to 0.5 metres.

For the examples described herein the RIQ was evaluated, or characterised by, using the

Visual Strehl Ratio shown in Equation 2.
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(A) Primary spherical aberration, coma and trefoil

The interactions between primary spherical aberration, coma and trefoil and their affect
on eye growth can be described, or characterised by, using a wavefront phase function defined
using defocus, primary spherical aberration (PSA), coma and trefoil terms of a standard Zernike

expansion. Other ways are aiso possibie.

The pupil size was fixed at 4 mm and the calculations were performed at 589nm”
wavelength. For the purposes of evaluating affects of aberration profiles on ocular growth, it was
assumed that a location of a minimum of the above described function S posterior to the retina
provides a stimulus to grow to that location and that there will not be stimulus for eye growth if
the minimum of the function S is on or in front of the retina. In other words, it is assumed that
the image formed on the retina provides a stimulus to grow to minimise the function S. The
range of values of PSA, horizontal and vertical coma, and horizontal and vertical trefoil that

were used in the simulations are:

PQA = (.0 20
F YV \TV.ouv

ia

, -0.15, 0.00, 0.15, 0.30) um
Horizontal Coma =(-0.30,-0.15, 0.00, 0.15, 0.30) um
Vertical Coma = (-0.30, -0.15, 0.00, 0.15, 0.30) um
Horizontal Trefoil =\(-0.30, -0.15, 0.00, 0.1 5, 0.30) um and
Vertical Trefoil = (-0.30, -0.15, 0.00, 0.15, 0.30) pm. |

With a total of 3125 combinations tested, overall it was observed that spherical aberration

primarily governed the direction of improving RIQ.

Figures 4 to 7 illustrate the stimulus for eye growth resulting from TFRIQ for a selection
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vertical coma, and together with horizontal and vertical trefoil, in accordance with certain
embodiments. Figures 4 to 7 are on a continuous scale and white (0) indicates no progression and

gray-to-black transition indicates the amount of progression in Dioptres.

Figure 4 shows a graph 400 of the interaction of primary spherical aberration and
horizontal coma. The gray plot indicates the amount of progression of myopia that is stimulated
By the combination of these two aberrations, where white 402 indicates no stimulus for
i)rogression and shades towards black 404 indicate stimulus for progression of myopia (in this

case up to -0.8 D) as a result of PSA combined wit}n horizontal coma. Figure 5 shows a graph _
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500 of myopia progression as a function of the interaction of primary spherical aberration and
vertical coma. Like in Figure 4, white areas 502 indicate no stimulus for progression and dark
areas 504 indicate stimulus for progression. Figure 6 shows a graph 600 of the interaction of

primary spherical aberration- and horizontal trefoil. Figure 7 shows a graph 700 of .myopia

)
-

he interactio

progression as a function o ter

rFevo - =

For the combinations shown in Figures 4 to 7, about 52% of the combinations provide stimulus

to encourage eye growth.

Stimulus for eye growth may accordingly be removed by controlling the refractive state

of an eye to be within one or more of the white areas in Figures 4 to 7. This may be achieved, for

-example, by designing a lens or optical device that when applied modifies the refractive

characteristics of the eye, to result in the retina of the eye experiencing a through focus RIQ that
does not substantially improve, or does not improve, in the direction of eye growth (posterior to

the retina) or which decreases in the direction of eye growth.

Although trefoil and coma in the range of -0.30 to 0.30um over a 4 mm pupil do not
appear to have a significant impact on the direction of growth (the maximum progression effect
is only -0.1D), positive PSA seems to accelerate growth while negative PSA seems to inhibit
growth. The PSA therefore appears to have the dominant effect. Accordingly, at least for an eye
with positive PSA and optionally one of coma and trefoil, adding negative PSA may inhibit eye

growth under the optical feedback explanation of emmetropisation. It

ontical ination ollows that providing

—TTo

negative PSA to an eye, or at least removing positive PSA may remove the stimulus for eye
growth. The coma and trefoil in the eye may be left unchanged or optionally partially or fully
corrected (preferably within the range of -0.30 to 0.30 um).

(B) Spherical aberration and astigmatism

To illustrate the interactions between primary spherical aberration and astigmatism, a
wavefront phase function was defined using these aberrations (including both horizontal/vertical

and oblique components) and defocus. Figures 8 to 13 (unlike Figures 4 to 7) are on a binary

ocular growth) and black (0) indicates candidate combinations that result in no progression or

very little progression (i.e., no ocular growth stimulus or a stop signal). The scale has no units.

- Figures 8 to 13 illustrate certain disclosed embodiments.



10

15

20

25

30

29

Figure 8 is an exemplary that shows a graph 800 indicating the magnitude of myopia
progression for PSA vs. a primary oblique astigmatic component (POA) vs. a. primary
horizontal/vertical astigmatic (PHV) component. In this example, the graph 800 indicates those
combinations of PSA and astigmatism that may result in stimulus for myopia progréssion (white)
and those combinations that will not result in stimulus for myopia progression (black). Neither

POA nor PHV appear to have a significant impact on the effects of PSA.

Figure 9 is an exemplary shows a graph 900 indicating the magnitude of myopia
progression for PSA vs. a secondary oblique astigmatic (SOA) component vs. a secondary
horizontal/vertical astigmatic (SHV) component, according to certain embodiments. In this

example, neither SOA nor SHV appear to have a signiﬁcént impact on the effects of PSA.

A stimulus for eye growth may accordingly be removed by controlling the refractive state

of an eye to be within one or more of the white areas in Figures 8 and 9.

From Figures 8 and 9, is an exemplary, the primary and secondary astigmatic components
seem to have, or have; a small influence on enhanc
with PSA. Accordingly, considering these aBerrations, this indicates priority may be provided to
PSA. In addition, it may be determined whether the eye has high levels of POA, PHV, SOA
and/or SHV. If this is the case, in this example, then correcting these aberrations (by reducing or

substantially eliminating them) may also assist in removing stimulus for eye growth.

(C) Higher order spherical aberrations

For unaided or single-vision spectacle corrected eyes a fourth order Zernike expansion
may be used to describe, or characterise, the wavefront ai the exit pupil. However, this may not
noi necessarily the case when, for exampie, contaci lenses are used for correction, especiaily
with multifocal contact lenses (both aspheric and concentric), substantial amounts of fifth order
and higher HOA may be used.. Multifocal contact lenses may, for example, be described using
up to about the tenth or twentieth order of Zernike polynomials. In such cases the magnitudes
and signs of the higher order spherical aberrations start to play a significant role (in addition to
PSA).

To illustrate the interactions between primary, secondary, tertiary and/or quaternary

spherical aberrations of a standard Zernike expansion, a wavefront phase was defined using these

terms and defocus. Several combinations of HOA as predicted from modelled data with such
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multifocal contact lenses were used. Selective sets of these HOA that demonstrate interactions to
produce peak RIQ were obtained via dedicated non-linear optimization routines. The

calculations were performed over a 4 mm pupil, and at 589nm wavelength. It was observed that

at least the first three modes of spherical aberration of the inherent eye played a role in governing
tha Airantinn Af atimnlie fAr aua nfn‘t‘l‘"\ nnd 1n anma nngaa hicghar mandag AF anharinnl ahaveatian
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also played a role. In certain applications, these roles were significant.

The results described below relate to secondary spherical aberratioﬁ (SSA), tertiary
spherical aberration (TSA) and quaternary spherical aberration (QSA), but spherical aberrations
with higher orders may also be used in embodiments of the lenses, devices and/or methods

described herein.

For four types of spherical aberrations, a range from -0.30 to 0.30 um was used to
investigate the effects of the combinations of HOA. These ranges for these types of aberrations
do not necessarily accord with normative distributions of al;efrations associated with eyes
because the occurrence of these higher order aberrations are not necessarily associated with the
eyes but with the optical devices (such as multifocal contact lenses) alone or in combination with
the eyes. Furthermore, the range from -0.30 to 0.30 um is merely used to illustrate the effects,
but when determining combinations of HOA to provide an aberration profile in a lens or optical

device, or to be effected by surgical procedures, larger or smaller ranges may be used.

Figures 10 to 12 are exemplary that show the stimulus for myopia progression as a
function of PSA together with SSA, TSA and QSA respectively, according to certain
embodiments. In this example, this schema is a binary colour plot, where white (0) indicates
wavefront aberration combinations that provide stimulus for myopia progression under the
feedba<':k mechanism described herein and black (1) indicates combinations that discourage
myopia progression. From these graphs it is apparent that the higher orders of spherical
aberrations have an impact on the stimulus for progression of myopia. In this example, about
82% of the combinations investigated suggest stimulus for eye growth. Interactions of the

spherical aberration terms depend on their individual signs and then their individual magnitudes.

Figure 10 is an exemplary that shows a graph 1000 indicating the presence of stimulus for
myopia progression as a function of combinations of PSA and SSA, according to certain
embodiments. In Figure 10, it can be seen that when PSA in the range -0.30 pum to 0.20 um is

combined with negative SSA ranging from 0.00 to -0.30 um, there is little or no improvement of
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indicated 1004). However, when PSA ranging from 0.20 to 0.30 um is considered with negative

SSA of about -0.10 um, it seems to aggravate the progression, as indicated in the area 1002.

‘Overall, the sign of SSA seems to have a governing effect on the effect of the wavefront _

aberrations and the resultant retinal image quality. In this example, negative SSA of considerable

maonitudes (i.e. oreater than -0.20 um) nredicte a nrotective effect a
magnitndes (1.e. greater than -0.20 um) predicts a prolective eliect a

when combined with either positive or negative PSA, when PSA and SSA are the only two HOA

involved in the wavefront aberration of the candidate eye.

Figure 11 is an exemplary that shows a graph 1100 indicating the presence of stimulus for
myopia progression as a function of combinations of PSA and TSA, according to certain
embodiments. When PSA and TSA have the same sign and TSA is about 4/5th of PSA in
magnitude, as indicated by rectangular box 1106, no or little myopia progression is predicted
(black area). However, in this example, with other combinations of PSA and TSA, for example

as indicated in areas 1102 and 1104, myopia progression can be expected.

Figure 12 is an exemplary that shows a graph 1260 indicating the presence of stimulus for
myopia progreésion as a function of combinations of PSA and QSA, according to certain
embodiments. In this example, when PSA and QSA have opposite signs and QSA is about 4/5th
of PSA in magnitude, as indicated by the predominantly black area 1204, no myopia progression

is predicted. However, with other combinations of PSA and QSA, (for example as indicated in

arg g
- SaTS 8 'y oaad o == a2 8ia

Figure 13 is an exemplary that is a graph (1300) showing the presence of stimulus for
progression of myopia as a function of PSA, SSA and TSA, according to certain embodiments.

This schema is a binary colour plot, where 1 (white) indicates wavefront aberration combinations

that favour myopia progression; while 0 (black) indicates combinations that discourage myopia

progression (i.e. do not provide stimulus for eye growth). -

The majority of the black filled circles 1304 are in the region governed by negative SSA,
with a few exceptions. Further, combinations in which PSA and TSA have the same sign coupled
with negative SSA seem to provide a protective effect against myopia progression. The

combinations of PSA, SSA, TSA and QSA that have a protective effect against myopia

- progression under the optical feedback explanation of emmetropisation (which include the black

areas shown in Figure 13) can be summarised as shown in the Table 1.
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SNo Specific higher order Magnitude and sign of the higher order aberration
aberration in addition to
~defocus

1 PSA only | -0.30um <= PSA < 0.125um

2 SSA only | -0.30pm <= SSA <= 0.075um

3 TSA only ‘ -0.30pm <= TSA <= 0.075um

4 QSA only -0.10um <= QSA <= 0.075um

5 PSA & SSA -0.30pm <= PSA <= 0.20pm and
-0.25um <= SSA <= 0.025um

6 PSA & TSA -0.30pum <= PSA <=0.30um and
TSA = (PSA/2)um +/- 0.075m

7 PSA & QSA , -0.30pm <=PSA <=0.30um and
QSA = (JPSA}/3) pm +/- 0.075um

8 PSA, SSA, TSA -0.30um <=PSA <-0.05um & 0.05pm < PSA < 0.30um;
-0.30 um <= SSA < 0.05 pm; |
-0.20um <= TSA <-0.025um & 0.025pm< TSA < 0.20pum;

9 PSA, SSA, TSA and QSA | -0.30um <=PSA <-0.05um & 0.05pum < PSA < 0.30um;
-0.30 um <= SSA <0.05 pum;
-0.20pum <= TSA <-0.025pm & 0.025pm< TSA < 0.20um;
-0.20pum <= QSA <-0.025pum & 0.025pm<QSA < 0.20pm;

Table 1 Combination sets of higher order aberrations which discourage the eye growth (i.e.

potential treatment for myopia), according to certain embodiments.

The majority of the white circles 1302 are in the region governed by positive SSA, with a

few exceptions. Further, combinations in which the PSA and TSA have the same sign coupled _
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with positive SSA may provide a treatment effect for hyperopia. The combinations of PSA, SSA,

TSA and QSA that have a treatment effect against hyperopia under the optical feedback

explanation of emmetropisation (including the white areas shown in Figure 13) can be

summarised as shown in the Table 2.

Magnitude and sign of the higher order aberration

SNo | Higher order aberration in
addition to defocus
1 PSA only 0.30 pm => PSA >=0.125 pm
12 SSA only 0.30 pm => SSA > 0.075 pm
3 TSA only 0.30 ym => TSA > 0.075 um
4 QSA only -0.30 pm <= QSA <=-0.125 pm or
0.30 um => QSA > 0.075 um
5. PSA & SSA -0.30 pm <= PSA <= 0.30 um and
0.30 um >= SSA > 0.075 pym
6 PSA & TSA -0.30 um <= PSA <=0.30 um and
(PSA/2) um + 0.075 um <= TSA <0.30 um or
-0.30 ym <= TSA <(PSA/2) um - 0.075 um
7 PSA & QSA -0.30pm <= PSA <=0.30pum and
QSA in the range -0.20 to 0.20 um but excluding values
where QSA = (|PSA)/3) um +/- 0.075um
8 PSA, SSA, TSA -0.30um <= PSA <-0.05um & 0.05um < PSA < 0.30pum;
0.075 pm <= SSA <0.30 um;
-0.20pm <= TSA <-0.025um & 0.025um< TSA < 0.20pm;
9 PSA, SSA, TSA and QSA

-0.30um <= PSA <-0.05um & 0.05um < PSA <0.30pum;

0.075 um <= SSA < 0.30 pm;
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20.20pm <= TSA <-0.025pm & 0.025pm< TSA < 0.20pm;

-0.20pm <= QSA <-0.025um & 0.025pm<QSA < 0.20pm;

Table 2 Combination sets of higher order aberrations which encourage eye growth (i.e. potential

treatment for hyperopia), according to certain embodiments.

Accordingly, when designing a lens, optical device or method of altering the eye, the
aberrations may be selected to provide a combination of the aforementioned aberrations that
provide for either a protective effect against eye growth for example for myopia, or which
encourage eye growth for exémple for hyperopia. The combination of aberrations may be

applied in combination with the required correction of any myopic defocus or hyperopic defocus.

From the foregoing description, it is apparent that the spherical aberration terms,
including the primary, secondary, tertiary and quaternary SA terms influence RIQ and through

focus RIQ. In addition, it has been found that much higher orders of spherical aberration may

~also influence RIQ and through focus RIQ. In various embodiments different combinations of

spherical aberration are used, including embodiments using combinations of two or more
spherical aberration terms that provide a required or acceptable through focus RIQ profile,
together with a required or acceptable RIQ at a particular focal length (e.g. distance vision). In
certain embodiments, characterizations of one or more of thé spherical aberrations may also be

used.

Section 6: The instantaneous gradient of the image quality

The foregoing description of stimulus for eye growth can be explained under an optical
feedback mechanism that is based on the location of a peak on-axis RIQ. In certain examples,
another alternative approach considered to describe the stimulus for eye growth is via the slobe
of TFRIQ at the retina. In some embodiments, lenses, methods and/or devices utilise the gradient
or slope of the RIQ to control myopia progression, with or without astigmatism. In other
embodiments, lenses, methods and/or devices utilise the gradient or slope of the RIQ to treat

hype npia with or without astigmatism. The gra_d_ ent or slope of RIQ may be consi idered for one

or more of the following variants of RIQ: a) monochromatic RIQ with or without considering
effect of accommodation, b) polychromatic RIQ with or without considering effect of

accommodation, ¢) global RIQ, d) RIQ considered with myopic impetus time signal, e) global

L
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RIQ with myopic impetus time signal, each of which is described herein.

In certain embodiments, the lenses, devices and/or methods disclosed herein may be
applied to provide stimulus under this/ optical feedback mechanism explanation of
emmetropisation. Embodiments for addressing eye growth under the optical feedback
explanation of emmetropisatioh (e.g. to address myopia progression or to seek to stimulate eye
growth to correct hyperopia) may use aberrations to affect one, two or more of the location of the
minima, or substantial minima, of the function S relative to the retina and the gradient of the

function S through the retina.

In the following description it is assumed that a positive measure of the gradient of the
TFRIQ (increasing RIQ posterior to the retina) provides a stimulus for the development and
progression of myopia, while a negative measure of the same retards or halts myopia
progression. Figure 14 is an exemplary that shows a plot of RIQ for two different cases, 1402
and 1404, as a function of through focus in the direction posterior to the retina, according to
certain embodiments. The cases are two different combinations of PSA, SSA and TSA that
produce identical, or substantially identical, retinal RIQ. As can be seen from the figure,
although both sets of selected aberrations produce similar image quality at the retina
(defocus=0), with the introduction of defocus (in the direction of eye growth) the retinal image

quality of test case 1402 ramps up indicating stimulus for eye growth, while test case 1404

indicates that there would be n

stimulug for growth, as the retinal image quality degrades

further in the direction of eye growth.

From the results described herein that indicate the effects of HOA on image quality and
the resulting progression of myopia, it is possible to determine the relevant HOA combinations
that may be used in lenses, optical devices, and/or effected using optical surgery, which, where
relevant in combination with the eye’s aberrations, may result in the HOA combinations that
inhibit or retard eye growth for the treatment of myopia progression. In order to slow down eye
growth in myopia, compensating optical devices and/or surgical procedures may be used that, in
combination with the optics of the eye, may result in a combination of HOA that results in a
negative gradient of TFRIQ, as shown. in example 1404 (Figure 14). For treating hyperopia in
certain dpplications, compensating optical devices and/or surgical procedures may be used that,
in combination with the optics of the eye, may result in a combination of HOA that results in a

positive gradient of TFRIQ, as shown in example 1402 (Figure 14).
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If an aberration profile has a varying RIQ across a through focus range, then the slope of
through focus RIQ at a particular focal length may be changed by selecting a suitable defocus
term C(2,0) with the considered RIQ proﬁlé. For example, if the slope is positive at a first level

of through focus and negative at a second level of through focus, the slope at the retina of a
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level. Examples of aberration profiles that have varying RIQ slopes at different levels of defocus
are provided herein in relation to embodiments of aberration profiles for application to
presbyopia. Many of the embodiments described for presbyopia may be applied to provide a
stimulus to retard and/or encourage eye growth under the optical feedback explanation of

~11_

emmeiropisation described herein. Typically, younger people have progressing myopia and as

such they may not be experiencing presbyopia. Accordingly, the aberration profile selected may

place less weight on achieving high RIQ over a large through focus range and more weight on
achieving the highest RIQ at the retina for distance vision in combination with providihg a
negative slope RIQ profile through the retina (i.e. decreasing RIQ in the direction of eye
growth). For the young hypermetropes, again, the selected aberration profile may place less
weight on achieving high RIQ over a large through focus range and more weight on achieving
the highest RIQ at the retina for disiance in combination with provision of a positive slope of

RIQ profile behind the retina (in the direction of eye growth).

In certain embodiments, a lens, device and/or method may incorporate an aberration
profile fhat provides, i) an acceptable on-axis RIQ; and ii) a through-focus RIQ with a slope that
degrades in the direction of eye growth; to an eye with progressing myopia or an eye that is
identified as at risk of developing myopia. In certain embodiments, the measure of acceptable
on-axis RIQ can be considered from one or more of the following: on-axis RIQ of 0.3, on-axis
RIQ of 0.35, on-axis RIQ of 0.4, on-axis RIQ of 0.45, on—éxis RIQ of 0.5, on-axis RIQ of 0.55,
on-axis RIQ of 0.6, on-axis RIQ of 0.65, or on-axis RIQ of 0.7. In certain embodiments, the

candidate myopia eye may be considered with or without astigmatism.

In certain embodiments, a lens, device and/or method may incorporate .an aberration

| profile that provides, i) an acceptable on-axis RIQ; and ii) a throhgh-focus RIQ with a slope that

improves in the direction of eye growth; to an eye with hyperopia. In certain embodiments, the
measure of acceptable on-axis RIQ can be considered from one or more of the following: on-axis
RIQ of 0.3, on-axis RIQ of 0.35, on-axis RIQ of 0.4, on-axis RIQ of 0.45, on-axis RIQ of 0.5,
on-axis RIQ 6f 0.55, on-axis RIQ of 0.6, on-axis RIQ of 0.65, or on-axis RIQ of 0.7. In certain
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embodiments, the candidate hyperopic eye may be considered with or without astigmatism. In
certain embodiments, the gradient or slope of RIQ may be considered for one or more of the
following variants of RIQ: a) monochromatic RIQ with or without considering effect of
accommodation, b) polychromatic RIQ with or without considering effect of accommodation, ¢)
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impetus time signal, each of which is described herein.

Section 7:  Aberration design or selection process
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ctermining the aberration profile require ens, optical
device and/or resulting from a procedure includes first identifying the HOA present in the eye.
In some embodiments, determining the characterization of the aberration profile required in a
lens, optical device and/or resulting from a procedure includes first identifying the HOA present
in the eye. Measurements may be taken, for example, using wavefront eye exams that use
aberrometry such as with a Shack-Hartmann aberrometer. The eye’s existing HOA may then be
taken into account. In addition, one or more HOA effects inherent in the lenses or optical devices

may also be taken into account.

When the requirement is for a lens that provides stimulus for eye growth or to retard eye
growth, these existing HOA are then compared to HOA combinations that inhibit or retard
myopia progression (for example as discussed above with reference to Figures 5 to 14) to
determine one or more additional HOA that may be required to reduce or retard or encourage eye
growth under the optical feedback mechanism of emmetropisation. These additional
combinations are then implemented in the design of lenses or optical devices or implemented
using optical surgery. Flowcharts in Figures 15 and 16 provide a summary of suitable methods,

according to certain embodiments.

Alternatively, in certain applications, the eye’s existing aberrations may be disregarded
and an aberration profile that provides the required through focus RIQ slope may be provided for
the eye by a lens, In certain applications a removable lens so that different aberration profiles
may be trialled if required. The aberration profile resuiting from the combination of the
aberration profile of the lens and the eye may then be measured to determine if the RIQ
characteristics are acceptable (for example, provide a particular through focus RIQ slope and

acceptable RIQ for distance vision). Alternatively, different lenses may be placed on the eye
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with measures of objective and/or subjective vision determining which lens to select. Where the
lens is selected to provide stimulus inhibiting or encouraging eye growth without regard to the
eye’s existing aberrations, the selected aberration profile may be one with generally higher

values of spherical aberration, so that the sign of the slope is not changed by lower level of HOA
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search of combination of HOA may be different. For example, when considering presbyopia the
goal may be a combination of aberrations that provide high RIQ over a large through focus
range. Where peripheral vision is useful, then the objective may include high RIQ over a large

range of field angles. Accordingly, in various embodiments the HOAs are utilised to optimise for
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focus RIQ, a low change in RIQ wi ith pupil diameter and a high RIQ in the penpheral field.

In certain applications, an acceptable high RIQ is considered to be an RIQ above 0.7,
above 0.65, above 0.6, above 0.55, above 0.5, above 0:45, above 0.4, above 0.35, or above 0.3.
In certain applications, an acceptable low change in RIQ with pupil diameter may be considered
the change in one or more of the following ranges: RIQ change between 0 and 0.05, between
0.05 and 0.1, or between 0.1 and 0.15. In certain other applications, an acceptable low slope of

through focus RIQ may be considered from one or more of the following: slope of less than zero,

slope of equal to zero, slope of greater than zero, slope of about zero, slope ranging from -0.5 to

zero, slope ranging from 0 to 0.5, slope ranging -1 to zero, slope ranging 0 to 1, slope ranging -1
to -0.5, or slope ranging 0.5 to 1. The high RIQ, low change in RIQ and low slope of TF RIQ
provided may be combined in or more combinations. For example, the combination of a high
RIQ of 0.40 or above, a low change in RIQ with pupil diameter between 0 and 0.05 and low
slope of TFRIQ of about zero may be applied to certain embodiments.
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RIQ with pupil diameter between 0 and 0.075 and the low slope of TFRIQ ranging from -0.25 to
0.25 or -0.5 to 0.5 may be applied. :

The examples that follow have been selected using the RIQ measure in Equation 2. The
initial set of designs for analysis was found by computing this RIQ for all, or for a substantially
number of, combinations of SA Zemike coefficients up to the 10th order. The coefficients used
were constrained to the range -0.3um to 0.3pm and constrained to be a value that is a multiple of
0.025um. In certain embodiments, the RIQ used may be based on an approximation or

characterization of Equation 2.
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An analysis of the initial set of designs included: 1) identifying optimised combinations

of Zernike coefficients that provide a high RIQ and a negative slope through focus RIQ about the

retina; 2) consideration of the RIQ and through focus RIQ and change in RIQ and through focus

RIQ at different pupil sizes; and 3) consideration of the RIQ across the horizontal visual field.
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the purposes of identifying the following examples, most weight was given to the first criteria.

Section 8: Examples of optical designs addressing the slope of through focus RIQ

mechanism are provided herein. The examples below are rotationally symmetric. However,
astigmatic designs and other non-rotationally symmetric designs may be produced. When a
deliberate decentration of the symmetric designs is imposed so that the optical axes of the
correcting contact lens coincides with a reference axis of the eye say pupillary axis or visual axis,
some residual amounts of asymmetric aberrations like coma and trefoil can be induced, these
may be compensated by the choice of additionalihigher order asymmetric terms. Figures 17 to 25
are exemplary that show the power profile graphs‘of sample designs that provide a RIQ that
degrades in the direction of eye growth for on-axis vision (i.e. at zero field angle), thus providing
a stimulus to inhibit eye growth under the optical feedback mechanism explanation of the
emmetropisation process, according to certain embodiments. The aberration profile graphs are
described as the axial power variation in Dioptres across the optic zone diameter. The examples
provided may have application to a progressing myope whose spherical refractive error is -2D

and this information is indicated by a dual gray line on the power profiles.

Figure 26 is an exemplary that shows the details of a sample design that may be used for
hyperopia treatment, according to certain embodiments. This designs was produced by taking a
specific aberration profile as an input parameter that would produce a positive gradient of TF
retinal image quality in the direction of eye growth, as indicated in Table 2 and optimising the
power profile (front surface of correcting contact lens) to achieve a required positive gradient.
The lens design is described as the axial power variation in Dioptres across the optic zone
diameter. The example provided may have application to a non-progressing hyperope whose
spherical refractive error is +2D and this information is indicated by a dual gray line on the

power profile.
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As explained herein, the example power profiles shown in Figures 17 to-26 were selected

 based on the slope of RIQ around the retina, according to certain embodiments. Across these

examples, substantial variations in the value of RIQ may occur. These variations occur on-axis,

across the pﬁpil diameter, and at different field angles. Additional selection criteria are the value
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o an in DIN wath Gald nola Tn netinnlas th 1
vi A\LY iU Uwv \fllulls\l ik I\IY YY1iLll 11wiu d%e A, 4 L. 1 s

angle. In particu
maximise one or more of RIQ on-axis, across the pupil diameter (with or without reduction in
light of the Stiles-Crawford effect) and at different field angles. In addition, the size of the pupil
of the recipient may also be used as a selection criterion — e.g., a first aberration profile may
better suit a first recipient with a normal pupil size of 4 mm and a second aberration profile may

T _aa

betier suit a second recipient with a normal pupii size of 5 mm. The ‘normai’ pupii size may
optionally be selected having regard to lifestyle factors, such as the amount of time a person
spends indoors versus outdoors. Additional examples referred to below incorporate these
selection criteria. First however, to provide a point of comparison, the RIQ performance of a

single vision lens is described and shown in Figure 27.

Figure 27 is an exemplary that shows a graph of a measure of a through focus RIQ
metric, according to certain embodiments, which in this case, and in the folloWing examples, is
Visual Strehl Ratio (monochromatic). The RIQ méy result, for example; from a single vision
contact lens with a power of -2D used to correct a recipient model myopic eye with -2D only.
The horizontal (independent) axis shows the through focus, in Dioptres. The zero (0) value on
the horizontal axis represents the location of the focal point of the single vision lens and the
vértical (dependent) axis shows the RIQ. Three plots are provided, one for on-axis (circles), -one

for a field angle of 10 degrees (triangles) and one for a field angle of 20 degrees (crosses).

As used in this example described herein, the term global is used to refer to consideration

I o o I INNNIRURE RININ-JPURt DA ISP ) PORDRES [Py P PR 51_14_1 a1 - DTN
dCross d range 01 11€1d dngics, 1nciuding ZCro. 11us, Uic grapi Snows Uloodl HHOugi 10Cus Ny,
as it includes plots across a range of field angles. While a single vision lens has symmetrical RIQ

on-axis at zero field angle, it has asymmetrical -through focus RIQ at non-zero field angles,

" including both at 10 and 20 degrees. In particular, the graph shows that RIQ improves in the

direction of eye growth at non-zero field angles, according to certain embodiments. Under the
optical feedback mechanism explanation of emmetropisation, peripheral as well as on-axis vision

provides a stimulus for eye growth.

Figure 28 is an exemplary that shows a graph of RIQ for an embodiment of a lens (named

‘Iteration A1’) selected to address the optical feedback mechanism explanation of
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emmetropisation.where eye growth is to be discouraged (e.g. to address progressing myopia or to
address a risk of developing myopia), according to certain embodiments. The data for Figure 28
was prepared for a pupil size of 4 mm‘ and to address the same, or substantially thq same, level of
myopia as for the Single Vision Iteration. Confparing Figure 28 with Figure 27, the RIQ no

longer improves in a direction of eye growth for non-zero field angles. In particular, the RIQ has

a strong trend towards degrading in the direction of eye growth for 10 degrees off-axis. While
there may be a slight improvement or no substantially no change in RIQ about the retina at 20
degrees of'f'-axjs, the overall effect is strongly biased towards degrading RIQ in the direction of

eye growth. Figure 29 shows a power profile that result in the RIQ graph of Figure 28.

Figure 30 is an exemplary that shows a graph of RIQ for certain embodiments of a lens
(Iteration A2) selected to address the optical feedback mechanism explanation of

emmetropisation. The data for Figure 30 was prepared for a pupil size of 5 mm.

Figures 31 and 32 are exemplary that show graphs of the RIQ for two other embodiments
of a lens (Iteration C1 and Iteration C2 respectively) selected to address the optical feedback
mechanism explanation of emmetropisation, but in this case to provide improving RIQ in the
direction of eye gfowth (e.g. to pfovide a stimulus to an eye to grow to correct hyperopia).
Figures 31 and 32 show exemplary embodiments selected with different weights to the selection
criteria. In the power profile that gives Figure 31, achieving a high on-axis RIQ was given more

weioht than achieving a higsh RIQ across a large range of field angles.
L~4 (>4 & - (&4 & &

In the power profile that gives Figure 32, more weight was given to providing a high RIQ
across a large range of field angles than to achieving a high RIQ on-axis. In certain applications,
;cm acceptable high RIQ across a large field angles is considered to be an RIQ above 0.6, above
0.55, above 0.5, above 0.45, above 0.4, above 0.35, or above 0.3. Table 3 lists the defocus and
higher order aberrations coefficients up to 20th order, in microns, over a S mm pupil diameter for

the above described power profiles.

Iteration  [C(2,0) |C(4,0) |C(6,0) [C(8,0) |C(10,0) {C(12,0) |C(14,0) [C(16,0) |C(18,0) |C(20,0)

Single Vision
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Lens

Iteration A1 |-1.568 | 0.107 | -0.017|-0.016 | -0.022 | -0.008 | 0.026 | 0.005 | -0.016 | 0.003
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Iteration A2 -1.562| 0.115 -0.0111-0.011{ -0.019 | -0.007 | 0.025 | 0.004 | -0.017 | 0.005

Iteration C1 | 1.468 |-0.135| 0.020 | 0.029 | 0.036 | 0.011 | -0.036 | -0.008 Il0.022 -0.003

Iteration C2 | 1.468 |-0.116 | 0.035 | 0.010 | -0.013 | -0.030 | -0.014 | 0.025 0.004‘ -0.016

10

15

20

25

Table 3 Defocus and higher order Spheﬁcal aberration coefficients over a 5 mm pupil for a
single vision lens and four exemplary embodiments that provide a required slope for through

focus RIQ.

~ Section 9: Application to presbyopia

Presbyopia is a condition where with age an eye exhibits a progressively diminished
ability to focus on near objects. The ability to focus on near objects may be referred to as
accommodative ability. Pre-presbyopia is an early stage at which patients begin to describe
symptoms of diminished ability to focus on near objects. The ability to focus on near objects
without use of lenses and/or devices disclosed herein is considered as a non-presbyopic
condition. Certain embodiments are directed to providing lenses, devices and/or methods that are
configured such that the embodiments provide visual performance that is substantially
comparable to the visual performance of a pre-presbyope or non-ﬁresbyope over a range of

distances with minimal ghosting.

For example, where the near distance is the range of 33 cm to 50 cm or 40 cm to 50 cm;
intermediate distance is the range of 50 cm to 100 cm, 50 cm to 80 cm or 50 cm to 70 cm; and
far distance is the range of 100 cm or greater, 80 cm or greater or 70 cm or greater. Other

distances or range of distances may also be used.

In certain applications, extending the through focus RIQ may provide one or more
benefits in the context of presbyopia. The reduced ability of the eye to see at near due to the
reduced accommodation may be partially compensated and/or mitigated by using the extended
through focus of certain approaches described herein. The benefits may include visual
performance at near closé to or approaching the visual performance of a properly prescribed

single-vision lens for near.

Other benefits may include (i) visual performance at far and intermediate distances

substantially equivalent to the visual performance of a prop;rlyip_regcrribed single-vision lens for
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far visual distance; (ii) visual performance over intermediate and far distances that is at least

substantially equivalent to the visual performance of a correctly prescribed single-vision lens at

~ the far visual distance; (iii) visual performance, along a range of substantially continuous visual

distances, including intermediate and far distances, wherein the visual performance of the
uivalent to the visual performance of a correctly
prescribed single-vision lens at the far visual distance; and/or (iv) providing visual performance
at far and intermediate distances substantially equivalent to the visual performance of a properly
prescribed single-vision lens at the far visual distance with minimal, or substantially minimum,

ghosting.

In certain embodiments, the visual distance over one or more of the following ranges i.c.
near intermediate and far distances may be continuous, substantially continuous or continuous

over a portion of the near distance or distances, the intermediate distance or distances, or far

~ distance or distances. This may also be true for optical infinity. In certain embodiments,

continuous may be defined as near distance range from 33 cm to 50 ¢cm, 40 cm to 50 cm or 33 to

60 cm; intermediate distance range from 50 cm to 100 ¢cm, 50 cm to 80 cm or 50 ¢cm to 70 cm;

and far distance range from 100 cm or greater, 80 cm or greater or 70 cm or greater. According

to certain disclosed lenses, the lens is configured to provivde, the visual performance, along

continuous visual distances, including near distances, intermediate distances, and far distances.

In some embodiments the through focus RIQ is extended further by taking

optimisation approach, or using one or more of the monocular methods disclosed herein. The

monocular optimisation approach in certain embodiments is achieved by extending the through

focus RIQ to optimise one eye for distance vision and the other eye for near. In certain

embodiments, this optimisation is by selecting different base powers (i.e. effective refractive

prescriptions) for the lenses. The extended is allows
the base powers to be separated, or used without sacrificing, or substantially reducing, far,

intermediate, or near vision between the two base powers.

In certain embodiments, one or more of the monocular methods disclosed herein may be
used to extend the binoculaf through-focus RIQ, or the through-focus RIQ, by using an
aberration profile for one eye and a different aberration profile for the other eye. The extended
through-focus RIQ of each lens optimises one eye for distance vision and the other eye for near

without substantially reducing, far, intermediate, and/or near vision, and minimal, or
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In certain embodiments, one or more of the monocular methods disclosed herein may be
used to extend the binocular through-focus RIQ, or the through-focus RIQ, by using an
aberration profile and a base power for one eye and a different aberration profile and a different

base power for the other eye. The extended through-focus RIQ of each lens optimises one eye fovr

r near without substantially reducing, far, intermediate

distance vision and the other eve for r 10ut substantially reducin g, far, intermediat e,

and/or near vision, and minimal, or substantially minimal, ghosting with the two aberration and

base power profiles.

Under the monocular approach, in some embodiments, selection of an aberration profile
may give a higher priority to the consideration of the RIQ and through focus RIQ, and change in
RIQ and through focus RIQ at different pupil sizes (which reflect the change in the eye with

different accommodation levels and illumination levels).

Similarly, a lens or optical device may be designed as. a bifocal or muitifocal or
omnifocal lens, with one or both of the parts incorporating aberration profiles as described herein
to extend TFRIQ. A combination of bifocal, multifocal, omnifocal lenses, devices, methods and

pfocedures can be used either in one eye or synergistically in both eyes by appropriate selection

for each eye that will enhance the binocular performance. For example, one eye may be biased

for optimal vision for far and the other eye for optimal vision at near.

A combination of bifocal, multifocal, omnifocal lenses, devices and/or the monocular
method that may increase visuai performance over a range of dioptric distances by about i, .25,
1.5, 1.75, 2, or 2.25D. For example, with reference to such method of prescribing bifocal lenses:
one eyé may have far distance vision in the upper quadrants of performance (RIQ about 0.35,
0.4, 0.45, 0.5 or another selected) and near vision in the lower quadrants of performance (RIQ
about 0.1, 0.12, 0.15, 0.17, 0.2 or another selected) and the other eye may have intermediate
vision in the upper quadrants of performance’(RIQ about 0.35, 0.4, 0.45, 0.5 or another selected)
and near vision in the lower quadrants of performance (RIQ about 0.1, 0.12, 0.15, 0.17, 0.2 or

another selected).

When different base powers, power profiles or aberration profiles are used in two
different eyes; the different base powers, power profiles, aberration profiles may be selected so
that the through focus RIQ overlaps to increase the binocular through-focus RIQ. For example,
in certainv embodiments, the base powers may be selected so that in combination the Visual

Strehl Ratio does not drop below 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.40 or another selected value,

_between the combined RIQ profiles. . _ . _ . .. . L. .. .-
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A) Examples for presbyopia

Figure 36 shows a graph of through focus RIQ (in this case Visual Strehl Ratio) for seven
power profiles, according to certain embodiments. In this figure the vertical axis (RIQ) is defined
on a logarithmic scale. Figure 36 was obtained for a 5 mm pupil size and an eye with no myopia
or hyperopia and no other higher order aberrations. One or more power profiles may be adapted
to a myopic or hyperopic eye by incorporating an appropriate correcting defocus term, which

does not affect the higher order aberrations defining the power profiles used for form Figure 36.

The seven power profiles are: a poWer prbﬁle that may appear in a conventional centre-
distance aspheric multifocal lens (indicated by triangles in Figure 36); a power profile that may
appear in a conventional centre-near multifocal lens (indicated by ‘x’ in Figure 36); a power
profile that may appear in a centre-distance concentric bifocal lens (indicated by filled ‘0’ in
Figure 36); a power profile that may appear in a centre-near concentric bifocal lens (indicated by
empty ‘0’ in Figure 36) and three iterations (Iteration B1, Iteration B2, Iteration B3) including a
favourable combination of spherical aberration (indicated by filled circles, bold ‘+’ signs and a

concentric circle pairs, réspectively, in Figure 36).

The power profiles for each of these are shown in Figures 37 to 43. The centre-distance
and centre-near aspheric multifocals had the centre component extend to about 2 mm and the
outer zone power commence at a radius of about 1.8 mm. A linear transition was provided
between the near and distance power zones. The concentric bifocals both had a ring strucfurc,
alternating between an additional power of 2 Dioptres and no addition power (also referred to as

base distance power).

Table 4 lists the defocus and higher order spherical aberration coefficients up to 20"
order, in microns, over a 5 mm pupil diameter, for the three exemplary embodiment power

profiles, namely: Iteration B1 (Figure 41), Iteration B2 (Figure 42) and Iteration B3 (Figure 43),

respectively.
iteration Iteration B1 Iteration B2 Iteration B3
C(2,0) -0.096 -0.092 0.033
C(4,0) -0.135 0.032 0.003
C(6,0) 0.02 0.074 1 0.077
C(8,0) - 0.029 -0.015 -0.045
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€(10,0) 0.036 -0.006 -0.023
C(12,0) 0.012 0,018 0.01

C(14,0) ©-0.036 -0.009 0.014
C(16,0) -0.01 0.007 0.007
C(18,0) 0.022 0.011 0.003
€(20,0) 0 10.002 -0.014

Table 4 Defocus and Spherical aberration coefficients of three exemplary embodiments for

presbyopia.

Table 5 lists out the defocus and higher order spherical aberration coefficients up to 20%
order, in microns, over a S mm pupil diameter, for the described power profiles, namely, centre-

5 distance aspheric multifocal (Figure 37), and centre-near aspheric multifocal (Figure 38,

respectively. _ ' "
Iteration Centre-Distance Centre-Near
éspheric multifocal | aspheric multifocal

C(2,0) 1.15 0.324
c(4,0) "~ 0.181 -0.244
C(6,0) | -0.09 0.114
C{8,0). 0.02 -0.021
C(10,0) 0 - -0.013
C(12,0) 0 0.011
C(14,0) 0 0
C(16,0) 0 0
C(18,0) 0 0
C(20,0) 0 0

Table 5 Defocus and Higher order spherical aberration coefficients of both centre-distance and

centre—near type aspheric multifocal lenses.

In the aspheric multifocal lenses the spherical aberration coefficients progressively
—10 decrease in absolute magnitude with an increase in order. This is in contrast to the power profiles

of Iteration B1, Iteration B2 and Iteration B3, which include at least one higher order spherical

aberration-term_with_an_absolute _value_coefficient_greater_than_the_absolute_value_of_the
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coefficient for a lower order term This characteristic is present in one or more of the
embddiments of power profile described herein. From Figure 36, it can be noted that the centre-
distance aspheric multifocal has a RIQ of 0.23 at 0D, which substantially inferior than the other
power profiles, according to certain embodiments. However, performance of this lens as gauged
by the RIQ metric is maintained relatively constant over a large through focus range. For
example, at -0.4Dioptres the RIQ is about 0.2, at FO.67vthe RIQ is about 0.18 and at -1Dioptres,
the RIQ is about 0.12. '

The centre-near aspheric multifocal has a RIQ at 0D is about 0.5. With this exemplary
design, the RIQ falls to about 0.24 at -0.67Dioptres (still better than the centre-distance aspheric
multifocal). However, beyond that the centre-near aspheric multifocal has a rapidly decreasing
RIQ, as can be seen at -1Dioptre the value of RIQ is about 0.08. Both of the concentric bifocals
(centre-distance and —near) have a low RIQ of 0.13 and 0.21 at OD. Both of the concentric

bifocals maintain their level of RIQ or better over a range of approximately 1.1 Dioptres.

Iteration B1, Iteration B2 and Iteration B3/héve at least as good RIQ at 0D, as the centre
near bifocal and also better RIQ across the TF range between -0.65D and 0.75D as the eye
accommodates. For example Iteration B2 has an RIQ of about 0.53 at -0.4 Dioptres, about 0.32
at -0.67 Dioptres and about 0.13 at -1Dioptres. Through focus performancé (RIQ) of Iteration
B1, Iteration B2 and Iteration B3 can be further extended. This extension is achic?ved by shifting
the curves to the left in Figure 36. However, the performance of the centre-near aspheric
multifocal lens, in this exemplary, cannot be shifted in this manner without substantially
affecting performance, due to the asymmetric RIQ that decreases substantially more rapidly for

plus powers (right hand side of Figure 36).

For example, the three exemplary iterations have an RIQ of about 0.40 at +0.55D.
Combining the spherical aberration terms with a +0.55D defocus term will shift the RIQ value
for distance vision to the value for +0.55D in Figure 36. Considering Iteration B2 again, the
through focus performance (RIQ) would be modified as follows: an RIQ of about 0.4 at distance
vision, an RIQ of about 0.53' at -0.4Dioptres, about 0.64 at -0.67Dioptres, about 0.52 at -
1Dioptres, about 0.40 at -1.1Dioptres, and about 0.15 at -1.5 Dioptres.

By shifting the distance vision point in a lens with combinations of HOA that extend
through focus RIQ performance, then the lenses, devices and/or methods that provide the

combination of HOA can have a substantially improved through focus performance. This is

achieved while maintaining_at_least_as_good_RIQ_as_a_centre_near_aspheric_multifocal_and ——
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substantially improved RIQ in comparison to a centre distance aspheric multifocal. The amount

of defocus plus power added to shift the RIQ curves is a matter of choice, representing a trade-

off between distance vision RIQ and near vision RIQ. Table 6 shows the defocus (leftmost

column) and RIQ values for the power pfoﬁles described above. It also shows the defocus values

- shifted by +0.55D, épplicable when to Iteration B1, Tteration B2 and/or Iteration B3 is modified

by this amount.

Defocus (D)| Centre- | Centre- |Iteration|Iteration|Iteration| Centre- | Centre- |Defocus
-1.1085 0.1021 0.0601 | 0.1342 | 0.0918 | 0.0971 | 0.2025 0.1349 |-0.6085
-0.9977 0.1212 | 0.0768 | 0.18310.1338 0.1228 | 0.2447 6.1524 | -0.4577
-0.8868 0.1407 | 0.1062 | 0.2394 | 0.1882 | 0.1577 | 0.2913 0.1675 |-0.3868
-0.7760 0.1598 | 0.1574 | 0.2957 | 0.2511 | 0.2095 | 0.3362 0.1789 |-0.2760
-0.6651 0.1776 | 0.2383 | 0.3423 | 0.3160 | 0.2830 | 0.3700 0.1851 |-0.1651
-0.5543 0.1931 0.3481 [ 0.3867 | 0.4262 | 0.3723 | 0.3839 0.1855 |[-0.0543
-0.4434 0.2060 | 0.4699 | 0.4550 | 0.5318 | 0.4583 | 0.3735 0.1805 | 0.0566
-0.3326 02162 | 0.5715 |0.4992 |0.6099 | 0.5266 | 0.3417 0.1709 [ 0.1674
-0.2217 0.2237 | 0.6185 |{0.5110./ 0.6451 | 0.5691 | 0.2969 0.1584 | 0.2783
-0.1109 0.2284 | 0.5913 | 0.4924 | 0.6369 | 0.5879 | 0.2495 0.1444 | 0 3891
0.0000 0.2304 | 0.4980 | 0.5014 | 0.5993 | 0.5906 | 0.2076 0.1300 | 0.5000
0.1109 0.2294 | 0.3702 |[0.4924 [ 0.5511 | 0.5825 | 0.1754 0.1167 | 0.6109
0.2217 0.2249 | 0.2468 | 0.5110 | 0.5055.| 0.5609 | 0.1539 0.1055 | 0.7217
0.3326 0.2160 0.1549 |0.4992 | 0.4648 [ 0.5182 | 0.1418 0.0973 | 0.8326
0.4434 0.2048 | 0.1010 |[0.4550 | 0.4232 | 0.4513 | 0.1367 0.0924 | 0.9434
0.5543 0.2000 | 0.0758 |0.3867 [ 0.3741 | 0.3672 | 0.1358 0.0908 | 1.0543
0.6651 0.2173 | 0.0650 |0.3082 (0.3154 | 0.2815 | 0.1363 0.0917 | 1.1651
0.7760 0.2727 | 0.0588 | 0.2327}0.2511 | 0.2095 | 0.1362 0.0940 | 1.2760
0.8868 0.3701 0.0535 |0.1694 | 0.1882 ) 0.1577 | 0.1347 0.0962 | 1.3868
0.9977 0.4907 | 0.0491 |0.1219(0.1338 | 0.1228 | 0.1325 |- 0.0992 | 1.4977
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0.1305 I 0.1087 1.6085|

Table 6 RIQ values for two bifocal lenses, two concentric bifocal lenses and three aberration

profiles for extended through focus RIQ.

B) Effect of pupil size

Figures 44 to 46 show the variation in through focus RIQ with pupil size for Iteration BI,
Iteration B2 and Iteration B3 respectively, according to certain embodiments. The exemplafy
RIQ profiles are relatively stable, in that the RIQ retains the combination of a rela{ively high
RIQ (in comparison to, for example, a centre distance aspheric multifocal) in combination with a
relatively long through focus range (in comparison to, for example, a centre near aspheric
multifocal). Figure sets 47, 48 and 49, 50 show the variation in through focus RIQ with pupil
size for the two concentric bifocals ahd two aspheric multifocals, respectively. From these
figures it can be seen that, comparatively, the change in RIQ and through focus RIQ performance
is less stable for these lenses than Iteration B1 (Figure 39), Iteration B2 (Figure 40) and Iteration

B3 (Figure 41). Figures 39 to 50 are examples, according to certain embodiments.

C) Monocular design

As described herein, Iteration B2 (Figure 40) may provide an RIQ of 0.4 or above from
distance vision to about an intermediate vergence of about 1.1 Dioptres. When appropriate level
of defocﬁs is added to the same iteration while correcting the other eye, TFRIQ can be extended
from 1.1 Dioptres to up close, say 2.2D target vergence, i.e. binocularly combined the candidate
eye may maintain an RIQ of 0.4 or above from distance test distance to all the way up to, or
substantially up to 2.2 Dioptres. Using this monocular design approach and assuming the
recipient accepts the monocular design, the combined through focus performance is substantially

extended, according to certain embodiments, according to certain embodiments..

Referring to the through focus profiles shown in Figures 51 and 52, which are described
herein, under the monocuiar design approach, one lens will be selected to have a base power
(distance refractive prescription) that shifts the through focus curve to the extreme, or subs left
(starting at -2.5D mark) and the other lens selected to have a base power that shifts the through:

focus curve slightly to the left (starting at -1.5D mark), according to certain embodiments. -
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Figures 51 and 52 show the TF RIQ of the design of two pairs of power profiles
(Binocular ‘Q’ correction), according to certain embodiments. Each lens in the pair has been
designed to extend RIQ in combination with the other lens in the pair. The defocus and higher

order spherical aberration coefficients for these combinations are specified in Tables 7 and 8

5 respectively.
Combination Right Eye Léft Eye
C(2,0) 0.28 0.57
C(4,0) -0.1 0.125
C(6,0) 0.025 -0.075
C(8,0) 0.075 -0.075
C(10,0) 0.025 -0.025
C(12,0) 0.025 0
C(14,0) 0.025 0.025
C(16,0) 0.025 0.025
€(18,0) 0.025 -0.025
C(20,0) 0 -0.025

Table 7 Defocus and higher order spherical aberration coefficients of first exemplary
embodiment for monocular design of lenses for presbyopia (Effective add of 1.5D in the

negative direction of through-focus curve.

Combination Right Eye Left Eye
C(2,0) 0.433 0.866
C{4,0) -0.1 -0.1 .
C(6,0) -0.05 -0.05
C(8,0) 0.025 0.025
C(10,0) 0.025 0.025
C(12,0) -0.025 -0.025
C(14,0) -0.025 -0.025
C(16,0) 0 0
C(18,0) 0 0
C(20,0) 0 0

Table 8 Defocus and higher order spherical aberration coefficients of second exemplary

10 embodiment for monocular design of lenses for presbyopia (Effective add of 2.5D in the
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negative direction of through-focus curve.

The power proﬁleé described in rel‘ation to Table 7 and Table 8 are examples of
combinations of higher order aberrations. that lprovide enhaﬁced through-focus performance on
the‘ negative side of the through-focus function. Similarly, using this monocular design approach,

5 the combined through-focus performance can also be substantially extended on the right side of
the through-focus function, provided an appropriate level of defocus is added to a selected
combination of higher order aberrations. Figures 53 and 54 show examples with a relatively
constant RIQ (>0.35) over a range' of defocus, in the positive direction of the through-focus
function, according to certain embodiments. The defocus and higher order spherical aberration

10  coefficients for these combinations are specified in Tables 9 and 10, respectively.

Combination Right Eye Left Eye
C(2,0) -0.28 . -0.43
C(4,0) -0.125 -0.125 .
C(6,0) | -0.05 -0.05
C(8,0) 0.075 0.075
C(10,0) ‘ 0.025 0.025
C(12,0) -0.025 -0.025
C(14,0) 0 0
C(16,0) 0 0
C{(18,0) 0 0
C(20,0) 0 0

Table 9 Defocus and higher order spherical aberration coefficients of third exemplary

embodiment for monocular design of lenses for presbyopia (Effective add of 1.5D in the positive

Combination Right Eye Left Eye

C(2,0) -0.43 ‘ -0.86

c4,0) - 0125 -0.125

C(6,0) -0.05 -0.05

C(8,0) 0.075 0.075

C(10,0) 0.025 0.025

C(12,0) -0.025 -0.025 I
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(14,0 0 0
C(16,0) 0 0
C(18,0) 0 0
C(20,0) 0 0
Table 10 Defocus and higher order spherical aberration coefficients of fourth exemplary

embodiment for monocular design of lenses for presbyopia (Effective add of 2.5D in the positive

direction of through-focus curve).

Section 10: Design for peripheral field

In some embodiments, when selecting a combination of HOA to form a power profile,
the weight given to peripheral vision may be increased. This may, for example, be applicable

when the recipient plays certain sports in which peripheral vision is important.

Figure 55 shows a graph of RIQ (again Visual Strehl Ratio), for three different power
profiles that substantially equalise RIQ across the horizontal visual field, according to certain
embodiments. The RIQ measures were obtained for a 5 mm pupil. The defocus and higher order

spherical aberration coefficients for each power profile are shown in Table 11.

Iteration Iteration A3 iteration A4 iteration A5
C(2,0) -1.506 -1.504 -1.501
C(4,0) ’ ~om 0.114 0.117
C(6,0) -0.04 . -0.037 -0.034
C(8,0) -0.015 -0.013 -0.01
C(10,0) 0.007 0.009 0.012
C(12,0) 0.025 ' 0.027 0.029
C(14,0) 0.011 0.013 0.014
C(16,0) : -0.025 -0.024 -0.023 -
C(18,0) -0.003 -0.002 -0.002
C(20,0) 0.017 0.016 : 0.015
Table 11 Defocus and higher order spherical aberration coefficients of three exemplary

embodiments for substantially constant RIQ over extended horizontal field angles

The Iterations A3 (Figure 56), A4 (Figure 57) and AS (Figure 58) produced an on-axis

RIQ of about 0.5 across zero to 30 degrees field angle (if horizontal symmetry is assumed, that is
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60 degrees in total across both nasal and temporal fields), according to certain embodiments. The
RIQ on-axis is also about 0.5, which is lower than some other embodiments where degradation

in RIQ below 0.5 with increasing field angle is permitted.

Accordingly, in certain embodiments, the RIQ on-axis may be traded-off against RIQ at
angles. F

(but remain at 0.5 or above for 20 degrees field angle and less), to allow a selection of HOA that

- increases on-axis RIQ above those shown in Figure 55. Power profile designs for peripheral

vision may be selected for a lens designed to provide a slope of RIQ (providing stimulus to
retard or encourage eye growth under the optical feedback mechanism explanation for
emmetropisation), or correction/lenses for presbyopia (emmetropia, myopia or hyperopia) or for
other eyes. In certain embodiments, high field angles are one or more of the following: 10
degrees, 20 degrees, 30 degreeé or 40 degrees of the visual field. Other suitable high field-angies

may also be used in certain applications.

Section 11: Selection of positive and negative phase .

~ Fora particular recipient of a lens, device and/or a method disclosed herein, a selection
may be made between two power profiles of opposite phases. In this context, the term ‘opposite
phase’ identifies power profiles that have identical, or substantially identical, magnitudes of
specific combination sets of higher order aberrations over ‘a desired pupil, while their signs are
opposite to each other. Figures 59 and 60 show power profile iterations E1 and E2, which are
examples of power profiles with opposite phases, according to certain embodiménts. Table 12
reflects the magnitudes and sigﬁs of the higher order spherical aberration terms for iterations E1l

and E2.

The lenses of opposite phase described herein may result in the same, or substantially the
same, on-axis peak RIQ. The through focus RIQ performance of such phase profile pairs may be
mirror images, or substantially mirror images, of each other across the Y-axis (i.e. shifted apart

by defocus), as shown in Figure 61. However, this would result if the inherent higher order
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lteration - Iteration E1 Iteration E2
C(2,0) -2.015 -1.573
C(4,0) -0.102 0.102
C{6,0) 0.021 : -0.021
C(8,0) 0.019 -0.019
C(10,0) 0.025 _ -0.025
C(12,0) 0.01 -0.01
C(14,0) -0.025 0.025
C{15,0} ' -0.006 0.00¢6
: C(18,0) 0.016 -0.016
C(20,0) -0.003 0.003

Table 12 Defocus and higher order spherical aberration coefficients of two exemplary

embodiments with opposite phases (i.e. mirror imaged power profiles across the X-axis).

The interactions between the inherent aberration profiles of the candidate eyes and a

selected phase profile may either have a) an improved or b) degraded effect on the objective

~ and/or subjective optical and/or visual performance. As the TF RIQ is dependent on the inherent

aberration profile, a phase profiles selected for instance may be useful to change the slope of TF
RIQ in the direction that would favour the emmetropisation process for myopic or hyperopic
eyes; or alternatively the same, or similar, phase profile may be used to mitigate the presbyopic

symptoms in alternative candidate eyes.

Figures 62 and 63 show how the TFRIQ of opposite phase profiles are dependent on the
inherent ocular aberration of the candidate eye (in this example positive sphérical aberration),
according to certain embodiments. Certain embodiments }disciosed herein involve providing
lenses of the same, or substantially same, design, but opposite phase and allowing the recipient
to select the preferred phase. The process of selection can be via an objective assessment of TF

RIQ performance metric and/or could be purely a subjective preference via visually guided tests.

Section 12: Combination identification and selection

As described herein for certain embodiments, it is possible to provide a desirable on-axis

RIQ for distance and appropriate through focus RIQ that would enable better visual performance
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for distance, intermediate and near vergences by choosing an appropriate combination of HOA.
This combination of higher order aberrations may. contain a correction for the inherent aberration
profile of the test candidate. The Appendix A to this specification lists 78 combinations of higher

order spherical aberration coefficients that provide both a usefully high RIQ and an option to
o,gd an extended throngh focus RI Q in the n i

pr ) ir 1egative direction (left h
the Appendix A, as a point of comparison, is a combination which does not have spherical
aberration, of any order. The Appendix B shows the TFRIQ values for the combinations listed in
the Appendix A. The calculations were performed for a pupil size of 4 mm, however the
approach, or method, may be extended to other appropriate and/or desired pupil sizes if required
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following ranges: 1.5 to § mm, 2 to 8 mm, 2.5 to 8 mm, 3 to 7 mm, 3 to 8 mm and 3.5 to 7 mm.
For example, the method may be used with pupil sizes of about 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5,

6,6.5,7,7.5 or 8 mm.

The TFRIQ measures of the 78 aberration combinations are shown in Figure 64, the black
line showing the symmetrical RIQ that has resulted from a combination that has no higher order
abefrations, the lighter lines (i.e. gray lines) showing the enhanced performance in the negative
direction of the TFRIQ function for the 78 combinations that involve higher order spherical

aberration terms.

From Figure 64, a number of observations can be made. The 78 profiles with higher order
spherical aberration terms provide an extended through focus performance in the negative
direction, particularly when an appropriate selection of a negative power is made to shift the
plotted through-focus profile towards negative defocus (left). The 78 profiles include a-range
over which RIQ is 0.1 or higher of at least 2 Dioptres. Several of the 78 profiles include a range

roc The 78 nrafilac inclhide an RIOD (Vienal
VAN A AAW T WV l"»v‘l AW AAA\I‘“ - VAAA A“Y \ ¥ AW WVENAEA

Strehl Ratio — monochromatic) that peaks above 0.35. Many of the profiles include an RIQ that
peaks above the thresholds of 0.4, 0.5, 0.6 and 0.7 and some combinations result in a peak that

lies above 0.8 mark.

The spherical aberration terms vary in the combinations, from one (example: combination
77) through to the nine. In other embodiments even higher orders of spherical aberration terms

may be added, to create additional combinations.

The combination 77 in the Appendix A shows that by selecting a particular level of

primary spherical aberration,_the_aberration_profile. may_be_beneficially-used.-for-a-presbyopie
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eye. See US patent 6,045,568 for myopia. In contrast, according to certain embodiments, a
stimulus to retard €ye growth on-axis under the optical feedback explanation of emmetropisation
is achieved if the retina is located on the negative side of the graph shown in Figure 65 (i.e. the
focal length of the lens is longer than the eye). In other words, the aberration profile typically

includes a C(2,0) term with further negative power over the amount required to correct myopia.

Appendix C lists another 67 combinations of higher order coefficients that provide both a
usefully high RIQ and an option to provide an extended TF RIQ in the positive direction (right
hand side of Figure 66). Also shown in Appendix C, as a point of comparison, is a combination
which does not have spherical aberration of any order. The Appendix D shows the TFRIQ values
for the combinations listed in Appendix C. Again, calculations were performed for a pupil size of
4 mm, however the approach, or methods, may be extended to other appropriate or desired pupil’

sizes, if required or desired.

The TFRIQ measures of the 67 aberration combinations are shown in Figure 66, the black
line showing the symmetrical RIQ that has resulted from a combination that has no higher order
aberrations, the lighter (i.e. gray) lines showing the enhanced performance in the positive
direction of the TFRIQ function, for the 67 combinations'that involved higher order spherical

aberration terms.

From the Figure 66, a number of observations can be made. The 67 profiles with higher
order sphericai aberration tenﬁs provide an extended through-focus performance in the positive
direction particularly when appropriate selection of a negative power is made to shift the plotted
through-focus profile towards negative defocus (left). The 67 profiles include a range over which

the RIQ is 0.1 or higher or greater than 2.5D. Figure 67 shows an example \;vorkﬂow diagram

- for identifying a power profile for application to a presbyopic eye, according to certain

embodiments.

Section 13: Spherical aberration and astigmatisrh

Iterations B1, B2 and B3 have been described herein for emmetropic presbyopia. When
considering the astigmatic presbyopia, at least two different methods can be adopted. A first
method of correction is cofnpleted by considering astigmatic refractive error as an equivalent
sphere. In this method, the spherical equivalent prescription is deduced by dividing the

cylindrical/astigmatic power divided two (S = -C/2). This is a very common approach often
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considered to address low to moderate amounts of astigmatism, say up to -1.5D. Once the
equivalent sphere is availed, the same, or substantially the same, iterations described herein, say
for example B, B2 or B3 can be used as an effective prescription, once the defocus term is

adjusted to suit the spherical equivalent.

A second method considers preparation 61‘ a toric prescription for both astigmatism and
presbyopia. Figure 68 shows an exemplary embodiment that includes a toric power profile to
treat both astigmatism and presbyopia. In this case, the prescription is made to correct an
individual who has an astigmatic correction of -1D @ 90 and requires an additional power to
enable near viewing. As can be noted from the figure, the difference between the horizontal and
vertical meridian is -1D, this magnitude is set to correct the astigmatism in the above case; while
the higher order spherical aberration combination is aimed to mitigate the presbyopic symptoms.
Other suitable methods may also be used or incorporated into some of the disclosed

embodiments.

Section 14: Implementation

Aberration profiles of the types described herein may be implemented in a number of
lenses, ocular devices and/or methods. For example, contact lenses (hard or soft), corneal onlays,
corneal inlays, and lenses for intraocular devices (both anterior and posterior chamber) may
include the combination aberration profiles discussed. Techniques to design lenses and to
achieve a power profile are known and will are not described herein in any detail. The aberration
profiles can be applied to spectacle lenses. However, because the aberration profiles require
alignment of the eye with the centre of the optics providing the aberration profile, then benefit
may only be apparent for one particular direction of gaze. Recenily electro-active lenses have .
been proposed that can track the direction of gaze and change the refractive properties of the
lenses in respohse. Using electro-active lenses the aberration profile can move with the eye,

which may increase the utility of the disclosed aberration profiles for spectacle lenses.

The aberration profile may be provided on a lens which is an intraocular lens. In some

embodiments, the lens may have a fixed focal length. The aberration profile may be provided on

a supplementary endo-capsular lens.

ed aberration profiles may be provided

In certain applications, one or more of the disclos
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to an eye through computer-assisted surgery and/or methods of altérin‘g the power and/or
aberration profile of the eye. For example implant, laser sculpting, laser abalation,
thermokeratoplasty, lens sculpting are used for such a purpose. Examples of such methods
include radial keratotomy (RK), photorefractive keratotomy (PRK), thermokeratoplasty,
conductive keratoplasty, laser assisted in-situ keratomileusis (LASIK), laser assisted in-situ epi-
keratomileusis (LASEK) and/or clear lens extraction. For example refractive surgefy or corneal
ablation may be used to form a selected aberration profile. The desired power profile or the
desired change in corneal shape and/or power is substantially determined, or determined, and
input td the laser system for application to the eye of the patient. Procedures may also be used to
input a desired profile and/or aberration profile to the cry

laser abalation and/or laser sculpting to achieve a desired outcome. This includes, but not limited

to, systems that currently exist, including wavefront guided femto-second lasers.

Where the aberration profiles are to be included in a lens, then the aberration profile may
first be translated into a lens thickness profile for input to computer assisted manufacturing.
Taking for example, the lens power profile D1 shown in Figure 69, which is a combination of
Zernike higher order spherical aberration terms, is converted to an axial thickness, or a surface,
profile for a contact lens, taking account of the refractive index of the contact lens material (in
this case, contact lens material refractive index of 1.42). An example thickness profile is shown
in Figure 70. In certain embodiments, features of the power or thickness profiles can either be
put on the front or the back surface or a combination of both, under consideration of the
refractive indices of lens and cornea. Once one or more of the following parameters, i.e., the
thickness profile, power profile, back surface shape, diameter and refractive index of the material
have been determined, one or more of the pararheters are input to a computer assisted lathe, or
other manufacturing systems to produce the contact lens. Similar approaches can be adopted for

other lenses and optical systems such as intra-ocular lenses, anterior and/or posterior chamber

- lenses, corneal implants, refractive surgery or combinations thereof.

The aberration profile may be selected and identified as a custom lens for an individual.

The process for design of the aberration profile may include measuring the wavefront aberration
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herein. The design process includes identifying the spherical aberration in the natural eye and
designing an aberration profile for the lens, device and/or method that, in combination with the

spherical aberration of the eye provides a required, or desired, RIQ profile. As described herein,
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the required, or desired, RIQ profile may differ depending on the application of the lens — as
different requirements niay apply between, for example, a person~ with progressing myopia and a
person with presbyopia. In some embodiments, other aberrations in the eye, for example
astigmatism, coma or trefoil are ignored. In other efnbodiments, these are taken into account. For
example, as described herein, the presence of astigmatism affects the combinations of
aberrations that provide a through focus RIQ that inhibits eye growth under the optical feedback
explanation of emmetropisation. In other embodiments, these aberrations are incorporated into
the design. For example, when producing a lens design, a base lens may be produced that
corrects for defocus and corrects one or niore of astigmatism, coma and trefoil. On top of this
rofile i
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base spheri profile designed to achieve (in
as an objective design) the profiles described herein. The spherical aberration profile may be
selected using a trial and error, or iterative-convergence approach, for example by identifying a
candidate profile, computing the through focus RIQ and evaluating whether the through focus
RIQ has an acceptable profile. In another approach aberration profiles may be designed for
popuiation average, mean, imedian or other statistical representations or meirics. One approach
for designing population average, mean, median or other statistical representations or metrics,

lenses is to normalise, or customise, or tailor, or optimise, the design for a pupil size.

In certain embodiments, the description of the aberration profiles, first derivatives of the
power profiles, second derivatives of the power profiles, Fourier transformation of the power
profiles, power profiles and image profiles of the power profiles and/or other suitable or
appropriate measures of one or more optical characteristics or one or more performance metrics
for lenses, devices and/or methods has been provided to some extent by way of mathematical

explanation or derivation. This allows to some extent for precision in deriving and/or describing

" the aberration profiles, first derivatives of the power profiles, second derivatives of the power

profiles, Fourier transformation of the power profiles, power profiles and image profiles of the

power profiles for lenses.

However, in certain applications, lenses, devices and/or methods may or may not have
precision that is comparable to, or commensurate with or derived from the mathematical

1accuracies arising during manufactur

)
Cu
-

not result in variations of the lens profile. In certain embodiments, the power proﬁle and/or
aberration profile of a lens may be approximately measured using, for example, a wavefront

aberrometer. From this an approximate measure of through focus RIQ may be determined; for
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example, using Visual Strehl Ratio. In certain embodiments, the power profile and/or aberration
profile of a lens may be characterised by using, for example, suitable instruments and/or
techniques such as Hartman-Shack aberrometry, ray-tracing, lens power mapping, focimetry,
interferometry, phase contrast, ptchyography, Foucault knife-edge systems, or combinations
thereof. From these characterisations one or more of the following: aberration proﬁiés, first
derivatives of the power profiles, second derivatives of the power profiles, Fourier

transformation of the power profiles, power profiles and image profiles of the power profiles

and/or other suitable or appropriate measures of one or more optical characteristics or one or

more performance metrics, may be measured, derived or otherwise determined.

Aberration profiles may be implemented in a number of lenses, devices and/or methods,
according to certain embodiments. For example, the lens may be characterised by testing the lens
on a ray tracing or physical model eye with a focal length equal to, or substantially equal to, the
focal distance of the lens. The aberration profile of the lens, including higher order aberration
profiles, that would result in a image on the retina which may be quantified using one or more of
the RIQ metrics disclosed. In certain embodiments, the model eye may have no, or substantially

nb, aberrations. In certain embodiments, the RIQ metric may be visual Strehl ratio. In other

. embodiments, the pupil size may be selected from one or more of the following ranges: 2 to g

mm, 2 to 7 mm, 2 t0 6 mm, 3 to 6 mm, 3 to 5 mm, 4 to 6 mm or 5 to 7 mm. In some other
embodiments, the spatial frequency ranges can be selected from one 6f the following: 0 to 30
cycles/degree, 0 to 60 cycles/degree or 0 to 45 cycles/degree. In other embodiments, the selected
wavelength for calculations of one or more RIQ metrics may be selected from one or more of the
following: 540 nm to 590 nm inclusive, 420 nm to 760 nm inclusive, 500 nm to 720 nm
inclusive or 420 nm to 590 nm inclusive. In certain embodiments, the RIQ may be measured on
an on-axis model eye. In other applications an off-axis model eye may be used to obtain other
RIQ variants like the global RIQ. The through-focus RIQ may be calculated on the model eye by

using spherical lenses in front the model eye.

Certain embodiments disclosed herein are directed to methods of correcting vision
whereby a lens of one or more of the disclosed embodiments is prescribed according to one or
more target refractive powers, an appropriate power profile, and the lens is fitted to an eye to
provide a visual performance for the eye, along a range of substantially continuous visual

distances, including intermediate and far distances, wherein the visual performance of the lens is

at least substantially equivalent to the visual performance of a correctly prescribed single-vision
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lens at the far visual distance. Certain embodiments disclosed herein are directed to methods of
correcting vision whereby a lens of one or more of the disclosed embodiments is prescribed
according to one or more target refractive powers; an appropriate power profile, and the lens is
fitted to an eye to improve the visual performance for the eye. In certain applications, one or
more methods disclosed herein may be used for correcting vision of the eye according to certain

embodiments, whereby the eye is affected by one or more of the following: myopia, hyperopia,

emmetropia, astigmatism, presbyopia and optically aberrated.

Certain embodiments, may be used in methods for correcting the vision of a pair of eyes,
whereby one or both of the eyes is optically aberrated possesses at least one higher-order
aberration. Certain embodiments, may be used in methods of correcting binocular vision,
whereby two lenses of one or more embodiments disclosed herein are prescribed according to a
first and a second tafget refractive power, a first and a second power profile are selected, and the
two lenses fitted to a pair of eyes improve the visual performance of the two eyes combined
compared to individual eyes separately. In certain methods disclosed herein, the first target

refractive power is different from the second target refractive power.

Certain embodiments are directed to methods of correcting binocular vision, whereby the
first target refractive power is selected to improve visual performal;ce at a visual distance that is
at least one of the following: far, intermediate, near; and the second target refractive power is
selected to improve visual performance at a visual distance that is at least one of the following:
far, intermediate, near; wherein the visual diétance at which the visual performance for which the
first target refractive power is selected is different from the visual distance at which the visual
performance for which the second target refractive power is selected. In certain applications, one

or more methods disclosed herein may be used for correcting vision of the eye according to

the following: myopia, hyperopia, emmetropia, regular astigmatism, irregular astigmatism,

optically aberrated, presbyopia, non-presbyopia.

Certain embodiments are directed to methods of manufacturing lenses where the lenses
are configured or designed according to a reference éye, whereby the lens features that are
configured are selected from one or more of the following: focal length, refractive powef, power
profile, number of spherical aberration terms, magnitude of spherical aberration terms; whereby

the reference eye is selected from one or more of the following: an individual eye, both eyes of
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an individual person, statistical representation of eyes a sample of an affected population,

computational model of an eye and/or computational model of eyes of an affected population.

In certain embodiments, aperture size may be used to characterise an entrance pupil of the
eye and/or a portion of the optic zone of a lens and/or device. In certain applications, the
effective aperture size maybe defined as an opening that is greater than or equai to 1.5 mm, 2
mm, 3 mm, 4 mm, 5 mm, 6 mm or 7 mm, this is in contrast to pin-hole apertures which typically
have a diameter, for example, less than 1.5 mm. For example, certain embodiments are directed
to a lens comprising: an optical axis; at least two optical surfaces; wherein the lens is configured
to provide a visual performance on a presbyopic eye éubstantially eqtiivalent to the visual
performance of a single-vision lens oh the pre-presbyopic eye; and wherein the lens has an

aperture size greater than 1.5 mm.

Certain embodiments are directed to one or more methods of surgical correction of vision
to improve visual performance. For example, a method for surgical correction fnay comprise the
steps of: (1) computing one or more targeted modifications to the optical properties, power
and/or physical structure of an eye; wherein the targeted modifications comprise: at least one
desired refractive power and at least one appropriate power profile; at least one aberration
profile, wherein the aberration profile is comprised of at least two spherical aberration term and a
defocus term; and a visual performance along substantially continuous visual distances including
near, intermediate and far, wherein the visual performance of the eye aldng the substantially
continuous visual distance is substantially equivalent to the visual performance of an eye
wearing an correctly prescribed single-vision lens for the far visual distance; (2) inputting the
desired modifications to an ophthalmic surgical system; and (3) applying the desired

modifications to the eye with the ophthalmic surgical system. In certain applications, the visual
ann ftho ava 1
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and far visual distances.

In certain applications, the vision performance of the correctly prescribed single vision
lens provides a visual acuity for the eye that is the best-corrected visual acuity. In certain
applications, the best-corrected visual acuity is a visual ’acuity. that cannot be substantially
improved by further manipulating the power of the correctly prescribéd single vision lens. In
certain applications, the aberration proﬁlé comprises three or more spherical aberration terms

and a defocus term.
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Certain embodiments are directed to lenses that provide substantially equivalent, or
equivalent or better optical and/or visual performance than a correctly prescribed single vision
lens at far visual distance. As used in certain embodiments, correctly prescribed may mean a
prescribed single vision lens at the far visual distance that provides a visual acuity for an eye that
is t..e,‘éest-corrected visual acuity and cannot be substantially improved by further manipulating
or adjusting the power of the lens. As used in certain embodiments, appropriately, properly,
effectively, prescribed may mean a prescribed single vision lens at the far visual distance that
provides a visual acuity for an eye that approximates the best-corrected visual acuity and cannot

be substantially improved by further manipulating or adjusting the power of the lens.

Certain embodiments are directed to one or more methods of surgical correction of vision
to improve visual perforrﬁance. For example, a method of correcting visiog comprising the steps
of: (1) computing one or more targeted modifications to an eye; wheréin the modifications
provides to the eye: at least one optical characteristic; wherein the at least one optical
characteristic comprises at least one aberration profile; the aberration profile comprises at least
two spherical aberration term and a defocus term; and a visual performance at intermediate and
far visual distances that is at least substantially equivalent to the eye fitted with an correctly
prescribed single-vision lens for far visual distance; wherein when tested with a defined visual
rating scale of 1 to 10 units, the visual performance of the eye at the near visual distance is
within two units of the visual performance of the eye fitted with an correctly prescribed single-
vision lens at far distance; (2) inputting the desired modifications to an ophthalmic surgical
system; and (3) épplying the targeted modifications to the eye with the ophthalmic surgical
system. In certain applications, the visual performance additionally provides substantially
minimal ghosting to the vision of the eye at near, intermediate and far visual distances. In certain
applications, the substantially equivalent to or better visual performance is determined at least in

part by a visual rating scale of 1 to 10 units.

Certain embodiments are directed to one or more methods of surgical correction of vision
to improve visual performance. For example, methods of vision correction may comprise the
steps of: (1) computing one or more targeted modifications to an eye; whérein the modifications
provide to the eye: at least one optical characteristic; wherein the at least one optical
characteristic comprises at least one aberration profile; the aberration profile comprises at least
two spherical aberration term and a defocus term; and a visual performance at intermediate and

far visual distances, that is substantially equivalent to, or better than, the eye fitted with a
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correctly prescribed single-vision lens for far visual distance; and wherein the visual
performance is further characterised by minimal ghosting to the vision of the eye at least at far
distance; (2) inputting the desired modifications to an ophthalmic surgical system; and (3)
applying the desired modifications to the eye with the ophthalmic surgical system. In certain
applications, the minimal ghosting is attaining a score of less than orequal to 2.4,2.2,2, 18, 1.6

or 1.4 on the vision rating ghosting scale of 1 to 10 units.

Certain embodiments are directed to one or more devices and/or systems for the surgical
correction of vision to improve visual performance. For example, a device and/or system for
correcting vision of an eye may comprise: (1) an input module; (2) a computation module; and
(3) a delivery module; wherein the input module is configured to receive input relevant to the
vision correction of the eye; the computation module is configured to compute one or more
targeted modifications to the eye; wherein the modifications provides to the eye: at least one
targeted refractive power and at least one appropriate power profile; at least one aberration
profile, wherein the aberration profile being comprised of at least two spherical aberration term
and a defocus term; and a visual performance, along substantially continuous visual distances,

including intermediate and far, wherein the visual performance of the eye along the substantially

continuous visual distance is substantially equivalent to the visual performance of an eye

wearing an correctly prescribed single-vision lens for the far visual distance; and the delivery

“module uses the computed targeted modifications to the eye computed by the computation

module to deliver the targeted modiﬁcations to the eye. In certain applications, the visual
performance of the eye is further characterised by minimal, or no, ghosting at near, intermediate

and far vi_sual distances.

In certain applications, the correctly prescribed single vision lens provides a visual acuity
fﬁf tl« ra that 1
visual acuity is a visual acuity that cannot be substantially improved by further manipulating the
power of the correctly prescrib;ed single vision lens. In certain applications, the aberration profile
comprises three or more spherical aberration term and a defocus term. In certain applications,
the delivery module may be an ophthalmic refractive surgical system such as a femto-second

laser.

Certain embodiments are directed to one or more devices and/or systems for the surgical
correction of vision to improve visual performance. For example, a device and/or system for

correcting vision of an eye may comprise: (1) an input module; (2) a computation module; and
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(3) a delivery module; wherein the input module is configured to receive input relevant to the
vision correction of the eye; the computation module is configured to compute one or more
desired modifications to the eye; wherein the modifications provides to the eye: at least one
optical charactéristic; wherein the at least one optical characteristic comprises at least one
aberration profile; the aberration profile cbmprises at least two spherical aberration term and a
defocus term; and a visual perfomgnce at intermediate and far visual distances that is
substantially equivalent to or better than the eye fitted with an correctly prescribed single-vision
lens for far visual distance; and when tested with a defined visual rating scale of 1 to 10 units,

the visual performance of the eye at the near visual distance is within two units of the visual

per-v.rm.... e of the eye fitted with an correctly p

delivery module utilising desired modifications to the eye computed by the computatibn module

to deliver the desired modifications to the eye.

In certain applications, the visual performance in addition, provides minimal ghOSting to
the vision of the eye at near, intermediate and far visual distances. In certain applications, the
substantially equivalent to or better visual performance is‘substantially determined at least in part
by a visual rating scale of 1 to 10 units. In certain applications, the delivery module is an

ophthalmic refractive surgical system such as a femto-second laser.

Certain embodiments are directed to one or more devices and/or systems for the surgical
correction of vision to improve visual performance. For example, a device .and/or system for
correcting vision of an eye may comprise: (1) an input module; (2) a computation module; and
(3) a delivery module; wherein the input module is configured to receive input relevant to the
vision correction of the eye; wherein the computation module is configured to compute one or
more targeted modifications to the eye; wherein the modifications provides to the e‘ye: at least
one optical characteristic; wherein the at least one optical characteristic com
aberration profile; wherein the aberration profile comprises at least two spherical aberration
terms and a defocus term; and a visual performance at intermediate and far visual distances, that
is substantially equivalent to, or better than, the eye fitted with a correctly prescribed single-
vision lens for far visual distance; and wherein the visual performance is characterised by -

..... rem iy b ‘L.. wricimer ~f tlha Awn langt ¢t £ .l.,.4 ~as nmed tlaa Aol aner Al
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utilising the computed targeted modifications to the eye computed by the computation module to

deliver the desired modifications to the eye.

In certain applications, the minimal ghosting has a score of less than or equal to 2.4, 2.2, 2,
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1.8, 1.6 or 1.4 on the vision rating ghosting scale of 1 to 10 units. In certain applications, the

delivery module is an ophthalmic refractive surgical system such as a femto-second laser.

In certain embodiments, the lens is configured to provide vision substantially equivalent, or
better, to distance vision corrected with a correctly prescribed lens for the refractive error for
distance across a dioptric range of 0D to 2.5D or from mnmty to 40cm with minimal ghosting

for emmetropes, myopes, hyperopes and astigmats.

In certain applications, the lenses substantially correct the distance refractive error; wherein
the lens is conﬁgured to enable myopxa to be slowed without the loss of vision as is usually
associated with multifocal contact lenses and prowdes excellent vision across the visual field for
example, 30 degrees nasal to 30 degrees temporal and also allows the provision of lenses that
give retinal image quality of 0.4 or above for either a chosen focal distance or avera’ged across
focal distances from infinity to 40cm wi{h an average of 0.3 retinal image quality. Such lenses
when optimising retinal image quality provide exceptionally clear high contrast images at the
chosen distances; wherein the lens provides exceptional image quality and visual performance
with minimal ghosting across the range of dioptric distances from infinity to near for the
correction of refractive errors and treatment of presbyopia and myopia control; when tested with
a defined overall visual rating scale of 1 to 10 units, the multifocal lens is configured such that
the overall visual performance of the multifocal lens is substantially equivalent to or better than

an correctly prescribed single-vision lens for far visual distance.

In certain embodiments, the visual performance of a candidate eye, along a range of
substantially continuous visual distances, including near, intermediate and far distances, wherein
the visual performance of the multifocal lens is at least substantially equivalent to the visual

performance of a correctly prescribed single-vision lens at the far visual distance.

In certain embodiments, the term minimal ghosting may mean a lack of an undesired
secondary image appearing at the image plane of the optical system. In certain embodiments, the
term minimal ghosting may bé used to represent an undesired secondary image appearing on the
retina of the eye. Conversely, the term lack of ghosting may represent an undesired double image
appearing on the retina of the eye. In certain embodiments, minimal ghosting may represent a
lack of an undesired double image perceived by the candidate eye. In other applications, minimal
ghosting represents a lack of false out-of-focus image appearing along side of the primary image

in an optical system.
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Section 15: Exemplary sets of lens designs which are substantially independent of Inherent

spherical aberration of the eye

The interactions between the inherent aberration profiles of the candidate eyes and those of a
selected combination of a design set may have a) an improved effect; b) degraded effect; or c) no

substantial effect on the objective and/or subjective optical and/or visual performance.

The present disclosure provides embodiments directed to choosing between a positive and/or
negative phase of a particular combination of aberration profile to be able to attain a specific
goal for the candidate eye. The specific goal for instance m range the slop hrough
focus RIQ in the direction that would favour the emmetropisation process for myopic or
hyperopic eyes; or alternatively similar approach, or methods, may be used to mitigate the

presbyopic symptoms in alternative candidate eyes.

Certain embodiments are directed to a lens, device and/or method that enables the
designing of lenses which when applied to a candidate eye may produce a visual performance -
that is substantially independent of the aberration profile of that candidate eye. Substantially
independent, in certain applications, means that lenses may be designed that provide acceptable
and/or similar performance on a plurality of candidate eyes that are within the representative

sample of the target populations.

In certain applications, methods to obtain a target TFRIQ include use of a non-linear,
unconstrained optimization routine and one or more other variables. The variables selected for
the non-linear, unconstrained, optimisation routine may include a chosen group of Zernike
spherical aberration coefficients, from C (2, 0) to C (20, 0) and one or more other variables. The

W eiawa

population.

Lenses may be designed by selecting an optimisation routine to evaluate a through-focus
RIQ may include: a) a target TFRIQ; b) a target TFRIQ within predefined bounds; or c)
combination of a) and b). Iteration G1 (Figure 71) is one exemplary of a lens design whose

visual performance is independent of the inherent aberration profile of the candidate eye.

Table 13 provides the defocus term and the rest of combinations of spherical aberration
terms, denoted in Zernike coefficients C(2,0) to C(20,0), that represents the exemplary design at

4, 5 and 6 mm optic zone or pupil diameter.
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Iteration G1 At 4 mm At 5 mm At 6 mm
C(2,0) | 0.442 0.558 0.47
C(4,0) -0.103 -0.096 -0.241
C(6,0) -0.081 0.038 0.038
C(8,0) 0.032 0.017 0.046
C(10,0) 0.056 -0.086 0.043
C(12,0) -0.017 -0.027 0.057
C(14,0) -0.023 0.053- -0.056
C(16,0) 0.01 -0.005 -0.053
C(18,0) 0.004 -0.017 0.051
- €(20,0) -0.002 0.017 0.006

Table 13 Defocus and higher order spherical aberration coefficients, at 4, 5 and 6 mm optic zone
diameter, of an exemplary embodiment whose performance is substantially independent of the
inherent spherical aberration of the candidate eye for at least at 4 and 5 mm pupil diameters of

.
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Figure 72 shows a graph of the through focus performance of Iteration G1 for a 4 mm
pupil size, for a range of inherent spherical aberration ranging from -0.1 um to +0.2 pum (and no
other inherent aberrations). Figure 73 shows the corresponding performance for a S mm pupil
size. For both the through focus performance is relatively constant despite variations in inherent
spherical aberration. Accordingly, lenses of Iteration G1 lenses with aberration profiles of
similar characteristics may be prescribed to a relatively large number of recipients in a
population. The through focus performance of Iteration G1 for both 5 mm and 4 mm pupil sizes
are shown in Tables 14, 15, 16 and 17 for inherent primary spherical aberration of -0.10 um, 0.0Q

um, +0.10 um and +0.20 um, respectively, all measured assuming a 5 mm pupil.

Defocus 4 mm 5 mm
25 0.00119886 0.003061423
225 0.00095039 0.003806875
2 0.001364417 0.005298066
175 0.001742406 0.006843299
1.5 0.001679323 0.010835082 -
125 0.00192035 0.01830825
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p 0.013520284 0.032178724
075 0.065302521 0.060184893
" 0s 0.173998496 0.121126561
0.25 0.293118842 0.216544389
0 T0.339358737 0.336047586
025 0.308917813 0.44319587
05 0296642047 0.451905679
075 0.347950208 0.378483458
. 0.408879749 0.322335542
125 0.427748471 0.304996424
s 0.37817358 0.291026543
175 ~ 0.269892513 0.249490988
5 0.163901919 0.182309343
505 0.096322599 0.115370704
5 s 0.057024345 0.066978954

Table 14: The through focus perfqrmance of Iteration Gl1, for both 5 mm and 4 mm pupil sizes,
on candidate eye with an inherent primary spherical aberration C (4,0) of -0.10 um of the

B T R S L |
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Defocus 4 mm 5Smm

25 0.002187878 0.004298075
295 0.002540196 0.004586267
2 0.003374035 0.005323423
175 0.003960812 0.006382736
15 0.005219352 0.008271293
-1.25 - 0.006557495 0.014973531

1 0.011210528 0.0302146
_0"75 0.036451401 0.06324?601
05 0.115450661 0.130914147
025 0.267210472 0.245890777
0 0.423804424 0.360586104
0.25 0.46403645 ‘0.4‘36398077
'0 5 0.39835734 0.491624785
0.75 0.367734797 0.487505993
1 0.397654136 0.416666845
1.25 0.35125203 0.3326430138

1.5 0.32027978 0.25244515

1.75 0.221249807 0.176653138
2 0.131992993 0.109872181
295 0.074288941 0.062381228

25 0.040188833 0.0351223

Table 15: The through fdcus performance' of Iteration G1, for both S mm and 4 mm pupil sizes,
on candidate eye with an inherent primary spherical aberration C (4,0) of 0.00 pum of the

candidate eye measured at S mm pupil.
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Defocus 4 mm 5 mm

2.5 0.003390339 0.006013951
25 0.004186307 0.006637962

/ >_2 - 0.005762618 0.00779601
-1.75 0.006575919 0.009656762
1.5 0.008393696 0.014689142
125 0.012657589 0.025629807
1 0,0220253900 0.047996025
0.75 0.046157477 0.090294111
05 : 0.104516622 0.165591385

025 0.236547956 0.27588147
0 0.431420876 0.386563827
0.25 0.551884107 0.428024189
0 5 0.496190837 0.438984315

0.75 0.}3866991 04 0.49976799
1 0.363362176 0.494007104

1.25 0.355116147 0.301435685 |

1.5 0.281805872 0.217793731
1.75 0.187900702 0.119838537
) 0.11184446 0.060218079
295 0.05‘8787 0.029374264
25 0.027932205 0.015204204

Table 16: The through focus performance of Iteration G1, for both 5 mm and 4 mm pupil sizes,

- on candidate eye with an inherent primary spherical aberration C (4,0) of 0.10 pm of the

candidate eye measured at S mm pupil.
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Defocus 4 mm Smm

25 0.004638912 0.007979577
.25 0.005633686 0.009519564
2 0.007793299 0.012695114
175 ‘ 0.009270616 0.018089081
15 0.011895079 0.029157339
_‘1 25 0.019319329 0.048941 1_78
1 0.035179393 0.0797999982
0.75 0.06730507 0.129064657
05 0.122863955 0.204557522
0.25 0.230284041 0.30140315
0 0.408582384 0.384829646

0.25 0.560957635 | 0.41511762
05 0.546063168 0.392578625
0.75 0.412352839 0.410254281
= 0.338981707 0.472977562
1.25 0.326435363 $.406675013

15 0.263875392 0.22704487

1.75 0.170102388 0.09758611
) 0.098903445 0.039837893
225 ‘ 0.049625854 0.014206731
25 0.020526457 0.003763349

Table 17: The through focus performance of Iteration G1, for both S mm and 4 mm pupil sizes,
on candidate eye with an inherent primary spherical aberration C (4,0) of 0.20 um of the

candidate eye measured at 5 mm pupil.
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Section 16: Exemplary sets of designs as Intra-Ocular lenses

Aberration profiles may be used in intra-ocular lens applications, according to certain ‘
embodiments. For example, the aberration profile, and/or power profile, may be translated
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into an intra-ocular
thickness profile, power profile, aberration profile, front surface, back surface, diameter,

and/or refractive index of the material. The surface profile is thereafter provided to a |
computer assisted or other manufacturing process to produce the intra-ocular lens. The intra-
ocular lens produced is configured based at least in part on the surface profile and/or surface
profiles generated. The lens power profile (iteration J1) shown in Figure 74 is a combination
of Zernike higher order spherical aberration terms. The power profile may be converted to an
axial thickness profile (Figure 75) for an intra-ocular léns, taking into account the refractive
index of the intra-ocular lens material, according to certain embodiments. Here, the refractive
index of intra-ocular lens material is 1.475. Table 18 provides the defocus term and other
combinations of spherical aberration terms, denoted in Zernike coefficients C(2,0) to
C(20,0), that represent an exemplary design of an intra-ocular lens (Figure 74) at 4 and 5 mm

optic zone diameter.

Optic zone or ’
— C(2,0)|C(4,0)|C(6,0){C(8,0){C(10,0){C(12,0)|C(14,0)|C(16,0)|C(18,0)|C(20,0)
upil size

At4mm |12.060/-0.120|-0.085)0.033| 0.058 |-0.018 | -0.023 ) 0.012 | 0.005 | -0.003

At5mm  |18.666|-0.129|0.040|0.018 | -0.089 | -0.026 | 0.056 | -0.006 |-0.019 | 0.017

Table 18 Defocus and higher order spherical aberration coefficients, at 4, and 5 mm optic zone
diameter or pupil size, for one of the exemplary embodiment of an intra-ocular lens design that
provides an improvement in the through-focus optical and/or visual performance of the candidate

eye.
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Section 17: Descriptors for power profiles with use of a Fourier Transform

Fourier transform methods may be used to characterise the power profiles of certain
embodiments and in particular for certain bifocal or multifocal designs. For example, Figure 76
plots the power profiles for a number of commercially available bifocal and multifocal lenses.
Figure 77 plots the power profiles for a number of bifocal or multifocal lenses according to
embodiments. Figure 78 plots the Fourier transform of the power profiles for the commercially
available bifocal and multifocal lenses of Figure 76. Figure 79 plots Fourier transforms of power
profiles of Figure 77. For both Figures 78 and 79, the horizontal axis represents spatial frequency
in cycles per millimetre (cycles/mm) and the vertical axis plots the normalised absolute of the
amplitude spectrum from the fast Fourier transform of the power profiles. In these figures,
normalised means rescaling of each amplitude spectrum so that the maximum value for the
absolute of an amplitude spectrum is rescaled to 1. For example, the normalised absolute of the
amplitude spectrum may be obtained by dividing the absolute of amplitude spectrum by the

maximum value of the absolute of amplitude spectrum.

A compan'sdn of Figures 78 and 79 illustrate differentiation between certain embodiments.
and the plotted commercially available lenses, as their normalised absolute amplitude of the
Fourier transform of their power proﬁles has normalised absolute amplitude greater than 0.2 at
one or more spatial frequencies at or above 1.25 cycles per miilimetre. In contrast to the
illustrated embodiments Figures 77 and 79, none of the curreht]y available commercial lenses
have normalised absolute amplitude greater than 0.2 at one or more spatial frequencies at or
above 1.25 cycles per millimetre. Certain embodiments such as lenses, bifocal lenses, and/or
multifocal lenses may be characterised using Fourier transform. For example, certain
embodiments are directed to a lens comprising: an optical axis; at least two surfaces; wherein the
lens is characterised by a power profile that has a normalised absolute ainplitude of the Fourier
transform of the power profile that is greater than 0.2 at one or more spatial'frequencies ator
above 1.25 cycles per millimetre. In certain applications, the lens is configured with a power
profile that has a normalised absolute amplitude of the Fourier transform of the power profile

that is greater than 0.2 at one or more spatial frequencies at or above 1.25 cycles per millimetre.



10

15 .

20

25

30

75

Section 18: Descriptors of power profiles using first derivatives or rate of change of power

First derivatives methods may be used to characterise the power profiles of certain
embodiments, and in particular, for certain bifocal or multifocal designs. For example,‘F igure 76
plots the power profiles for a number of commercially available bifocal and multifocal lenses.
Figure 77 plots the power profiles for a number of multifocal lenses according to embodiments.
Figure 80 plots the first derivative of the power profiles for the commercially available bifocal
and multifocal lenses of Figure 76. Figure 81 plots the first derivative of power profiles of Figure
77. For both Figures 80 and 81, the horizontal axis represents half-chord of the optic zone

diameter and the vertical axis plots the absolute of the first derivative of the power profiles.

A comparison of Figures 80 and 81 illustrates differentiation between certain embodiments
and the plotted commercially available lenses, as the absolute of the first derivative of the power
profiles of the illustrated embodiments have at least 5 peaks whose absolute amplitude is greater
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and 81, none of the currently available commercial lenses have at least 5 peaks with absolute

first derivative greater than 0.025 with units of 1D per 0.01 mm.

Certain embodiments such as lenses, bifocal lenses, and/or multifocal lenses may be
characterised using first derivative or rate of change of power. For example, certain
embodiments are directed to a lens comprising: an optical axis; at least two surfaces; wherein the
lens has a power profile, the power profile is characterised such that the absolute of a first
derivative of the power profile has at least 5 peaks whose absolute amplitude is greater than
0.025 with units of 1D per 0.01 mm along its half-chord. In certain applications, the at least one
power profile is characterised such that the absolute of a first derivative of the power profile Has
at least 5 peaks whose absolute amplitude is greater than 0.025 with units of 1D per 0.01 mm
along its half-chord.

Section 19: Descriptors of power profiles with use of aperiodic functions

Certain embodiments of the present disclosure have one or more power profiles that may
be characterised by aperiodic functions over a substantial portion of the half-chord optical zone

of the lens. Certain embodiments are directed to lenses that are configured such that the at least

one power profile is aperiodic over a substantial portion of the half-chord optical zone of the
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lens. In general terms, an ‘ape_:riodic function is defined as a function that is not periodic. A

periodic function is a function that repeats or duplicates its values in regular intervals, often

-denoted as periods. For example, trigonometric functions (i.e. sine, cosine, secant, cosecant,

tangent and cotangent functions) are periodic as their values are repeated over intervals of 2n
radians. A periodic function can also be defined as a function whose graphical representation
exhibits translational symmetry. A function F(x) is said to be periodic with a period P (where P

is a non-zero constant), if it satisfies the following condition: F(x+P) = F(x).

Section 20:  Descriptors of power profiles with use of non-monotonic functions

Certain embodiments of the present disclosure have one or more power profiles that may
be characterised by non-monotonic functions over a substantial portion of the half-chord optical
zone of the lens. Certain embodiments are directed to lenses ‘that‘arg configured such that the at
least one power profile is non-monotonic over a substantial portion of the half-chord optical zone
of the lens. In general terms, a ‘mono
substantially non-increz;sing or substantially non-decreasing. A function F(x) is said to be non-
increasing on an interval I of real numbers. if: F(b) <= F(a) for all b>a; where a, b are real

numbers and are a subset of I; A function F(x) is said to be non-decreasing on an interval I of

. real numbers if: F(b) >= F(a) for all b>a; where a, b are real numbers and are a subset of I.

Section 21: - Descriptors of power profiles with use of non-monotonic and aperiodic functions

Certain embodiments of the present disclosure have one or more power profiles that may
be characterised by non-monotonic and aperiodic functions over a substantial portion of the half-
chord opticai zone of the iens. Certain embodiments are directed to ienses that are configured
such that the at least one power profile is non-monotonic and aperiodic over a substantial portion
of the half-chord optical zone of the lens. In general, some functions may be both non-monotonic
and aperiodic. Such functions possess properties of both noh-monotonic and aperiodic function

as described herein.

Certain embodiments such as lenses, bifocal lenses, and/or multifocal lenses may be
characterised using aperiodic function, non-monotonic function, or combinations thereof. A lens
comprising: an optical axis; at least two surfaces; wherein the lens has at least one power profile,

the power profile is characterised by a function that is non-monotonic, aperiodic or combinations
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thereof over a substantial portion of the half-chord optical zone of the lens. In certain
applications, the lens is configured with a power profile that is non-monotonic, aperiodic or

combinations thereof over a substantial portion of the half-chord optical zone of the lens.

Section 22: Power profile

As is apparent from a visual inspection of at least Figures 19, 20, 22-25, 29, 31, 34, 35, 39,
40, 41, 56-60 and 68, certain embodiments have a power profile that has the following

combination of characteristics across half-chord diameters:

() A power profiie that has a moving average that either increases with diameter and
- then decreases, or decreases with diameter and then increases. For certain contact lens
embodiments, the moving average may be calculated over a window of 1 mm from on-axis
‘to about 4 mm. Accordingly, by way of example, the average value may be calculated
across the range of on-axis to 1mm, and recalculated at intervals selected from the group of

0.2 mm, 0.4 mm or 0.6 mm.

(ii) A power profile that transitions between local minima and maxima within a 1 mm
change of radius at least 4 times across 4 mm of the half-chord. For example, referring to
Figure 22, the power profile starts at a local maximum on-axis and transitions to a local
minimum at about 1 mm radius; the transitions between local maxima and minima then
occur at about 1.6 mm and about 2.3 mm. After that, the power proﬁle may either have the
next local minima at about 2.9 mm, a local minimum at about 3.1 mm and a local:
maximum at about 4 mm, or have the next local maximum at about 4 mm. In some
examples, the power profile transitions at least 6 times across a 4 mm of the half-chord.

transitions in the first 1 mm radius, two

For example, referring to Figure 24, there are twi
in the second 1mm radius, and two transitions in the region from 2 mm to 4 mm. In some
examples the power profile transitions at least 8 times across the 4 mm radius range (for
example Figure 29) or at least 12 times across the 4 mm radius range (for example Figure

35) or at least 15 times (for example Figure 40).

(iii) The power profile transitions smoothly out to a radius selected from the group of

at least 3 mm, at least 3.5 mm and at least 4 mm.

Accordingly, certain embodiments have a power profile with a combination selected from

the options within (i) and (ii) and (iii), which provides acceptable vision for at least a subset ofa ~ _
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population. These embodiments may have application to myopia, hyperopia, and/or presbyopia,
with or without astigmatism. Other embodiments include "a combination from the options

described above in this section 22, together with one or more of:

(iv) The refractive power on-axis power differs from the prescription power by at least
about 0.7D (e.g. see Figure 22), or by at least about 1.5 D (e.g. see Figure 38).

(v) The difference between the global maximum and global minimum power is between
approximately 1.5 to 2.5 times the difference between any adjacent local minimum and
local maximum within a radius of about 2.5 mm. In other words, the global maximum and

global minimum are reached through a stepped change in power profile, that itself

transitions between local minima and local maxima.

It is understood that, due to differences in aperture size, refractive index of the material and
refractive index of the environment, that certain parameters may change for implementation

across different lenses, devices and methods. For example, the parameters may change between

.
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intraocular lenses.

Section 23: Clinical performance of some exemplary embodiments compared with

commercially available single vision, bifocal and multifocal soft contact lenses.

In the following experimental clinical study, performance of four exemplary
embodiments described herein (manufactured into the form of soft contact lenses) were
compared against seven commercially available lenses inclﬁding one single vision, one bifocal
and five multifocal products whose details are provided in the table herein, Table 19. The study

was approved by ethics committee of Beiiberry, South Austraiia.

Experimental purpose:

The aim of the study was to assess the visual performance of four multifocal soft contact
lenses, according to certain embodiments, and six commercially available bifocal and multifocal

lens designs.

Study Design:

The study design was a prospective, participant-masked, bilateral wear, cross-over

clinical trial with a minimum overnight washout period between the lens assessments. Lens wear
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duration was up to 2 hours.

Participant Selection:

Participants were included in the study if they met the following criterion:

a) Able to read and comprehend English and give informed consent as demonstrated by
5 signing a record of informed consent.
b) Be at least 18 years old, male or female (the results reported herein are for participants

over 45 years).

c) Willing to comply with the wearing and clinical trial visit schedule as directed by the
Investigaior.
10 d) Have ocular health findings within normal limits which would not prevent the

participant from safely wearing contact lenses.

e) Is correctable to at least 6/6 (20/20) or better in each eye with single vision contact
lenses.
f) Have an astigmatism correction of -1.5 D or less.
15 g Be experienced or inexperienced at wearing contact lenses.

Participants were excluded from the study if they had one or more of the following conditions:

a) Pre-exisiing ocuiar irriiation, injury or condiiion {(inciuding infection or disease) of ihe
cornea, conjunctiVa or eyelids that would preclude contact lens fitting and safe
wearing of contact lenses.

20 b) Systemic disease that adversely affected ocular health e.g. diabetes, Graves disease, and
auto immune diseases such as ankylosing spondylitis, multiple sclerosis, Sjégrens
syndrome and systemic lupus erythematosus.  Note: Conditions such as systemic
hypertension and arthritis would not automatically exclude prospective participants.

¢) Use of or a need for concurrent category S3 and above ocular medications at enrolment

| 25 and/or during the clinical trial.

d) Use of or a need for systemic medication and/or topical medications which may alter
normal ocular findings and/or are known to affect a participant’s ocular health and/or
physiology or contact lens performance either in-an adverse or beneficial manner at
enrolment and/or during the clinical trial.

30 ' e) NB: Systemic antihistamines are allowed on an “as needed basis”, provided they are not
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used prophylactically during the trial and at least 24 hours before the clinical trial

product is used.

Eye surgery within 12 weeks immediately prior to enrolment for this trial. -

Previous corneal refractive surgery.

Contraindications to contact lens wear.

- Known allergy or intolerance to the ingredients of the clinical trial products.

The investigators excluded anyone who they believe may not be able to fulfil the clinical

trial requirements.

Methods:.

For each fitting visit, lenses were fitted bilaterally. After allowing for the lenses to settle, lens

performance was assessed including:

1.

Visual acuity

a.

Log MAR charts were used to obtain measurements for vision at distance under
high illumination conditions

High contrast visual acuity at 6 metres

c. Low contrast visual acuity at 6 metres

Contrast sensitivity using a Pelli-Robson equivalent chart (using Thomson
software) equivalent at 6 metres, the text was kept constant at 6/12 letter size
while the contrast was reduced as a logarithmic function.

Hanks near point chart was used to measure visual acuity at 70 cm ‘(intermediate
vision), at 50 cm and 40 cm (near viéion) under high illumination conditions. As
the Hanks near point chart was designed to be used at 40 cm near, the visual
acuity equivalents for 50 cm and 70 cm were calculated. Both intermediate and

near visual acuity results were converted to equivalent log MAR

N
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Lens Contact Manufacturer | Material | Mode Power Diam | Base
Code Lenses of (D) eter | Curve
(Markeled in Wear (mm) | (mm)
Australia as) in this
. Trial : -
Lens AirOptix® Alcon (USA) | Lotrafiicon | Daily +4.00D to - 142 | 86
A | AquaSingie B wear 10.00
‘ vision
Lens Air Optix® CIBAVISION | Lotrafilcon | Daily +6.00D to - 142 | 86
B Aqua (USA) B Wear 1.00D
Multifocal Low/Med/High
Lens | ACUVUE® J&J (USA) | Etafilcon A | Daily +6.00D to - 142 | 85
C Bifocal Wear 9.000
+1.50/+2.50D
Lens Proclear® Cooper Vision | Omafilcon | Daily +4.00D to - 144 ) 8510
D Multifocal - (USA) A wear 10.00D 8.7
Distance - Low/High
design
Lens Proclear® Cooper Vision | Omafilcon | Daily +4.,00D to - 144 | 8510
E Multifocal - (USA) A wear 10.00D 8.7
Near design Low/High
Lens | PureVision® Bausch & Balafilcon | Daily +6.00D to - 140 | 86
F multifocal Lomb (USA) A wear 10.00D
Low/High
Lens | CLARITI® 1 Sauflon (UK) Filcon Ii Daily | +5.00Dto- 14.1 8.6
G Day multifocal multifocal | wear 6.00
\ Low/Hign
~ Lathe Hioxifilcon | Daily +4,00D to - 135 | 8.1to
Lens | Prototype 1 Manufactured A/B/D wear 10.00D to 8.7
H 14.5
Lathe Hioxifilcon | Daily +4.00D to - 135 | 8.1to
Lens | Prototype2 | Manufactured ABID wear 10.00D to14. | 8.7
I 5
Lathe Hioxifilcon | Daily +4.00D to - 135 | 8.1to
Lens | Prototype3 | Manufactured A/BID wear 10.00D to14. | 87
J ' 5
T Lathe | Hioxifilcon | Daily +4.00D to - 135 | 8.1to
Lens | Prototype4 | Manufactured A/BID wear 10.00D to14. | 8.7
K 5

Table 19 List of the lenses used in the clinical study
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Subjective response questionnaire:

1. Quality of distance, intermediate and near vision on a visual analogue scale of 1 to 10.
2. Rating of distance and near ghosting on a ghosting analogue scale of 1 to 10.

3. Overall rating of vision performance on a visual analogue scale of 1 to 10.

Figures 82 to 108 show the subjective and objective results obtained from the clinical study.
The distance, intermediate, near and over all vision ratings were measured on a visual analogue
scale ranging from 1 to 10 in steps of 1, where 1 represented blurred and/or hazy vision and 10
represented clear and/or sharp vision. The ghosting vision rating at distance and near were
measured on a ghosting visual analogue scale ranging from 1 to 10 in steps of 1, where 1
represented no ghosting and/or doubli_ng and 10 répresented extreme ghosting and/or douBling.
The lack of ghosting was calculated by subtracting ghosting score from 11 points. Cumulative
vision results were obtained by averaging the distance, intermediate and near vision results.
Cﬁmulative ghosting results were obtained by averaging the ghosting at distance and near

distances.

Other exemplary embodiments are described in the following sets of examples A to K:

Example set A:

ens for an eye, the lens having an optical axis and an aberration profile about its optical
axis, the aberration profile: having a focal distance; ar;d including higher order aberrations
having at least one of a primary spherical aberration component C(4,0) and a secondary
spherical aberration component C(6,0), herein the aberration profile provides, for a model
eye with no aberrations, or substantially no, aberratiohs, and an on-axis length equal to, or
substantial equai to, the focal distance: a retinal image quaiity (RiQ) with a through focus
slope that degrades in a direction of eye growth; and a RIQ of at least 0.3 wherein the RIQ
is Visual Strehl Ratio measured substantially along the optical axis for at least one pupil
diameter in the range 3 mm to 6 mm, over a spatial frequency range of 0 to 30
cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590
nm inclusive. |

(A2) A lens for an eye, the lens having an optical axis and an aberration profile about its optical

axis, the aberration profile: having a focal distance; and including higher order aberrations

having at least one of a primary spherical aberration component C(4,0) and a secondary
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‘spherical aberration component C(6,0), herein the aberration profile provides, for a model -

éye with no aberrations and an on-axis length equal to the focal distance: a retinal image
quality (RIQ) with a through focus slope that degrades in a direction of eye growth; and a
RIQ of at least 0.3 wherein the RIQ is Visual Strehl Ratio measured substantially along the

optical axis for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial

frequency range of 0 to 30 cycles/degree inclusive and at a wavelength selected from
within the range 540 nm to 590 nm inclusive.
A lens for an eye, the lens having an optical axis, a focal distance and being characterised

by: an aberration profile about the lens’s optical axis, the aberration profile: including

C(4,0) and a secondary spherical aberration component C(6,0), ‘herein the aberration
profile provides, for a model eye with no aberrations, or substantially no, aberrations, and
an on-axis length equal to, or substantial equal to, the focal distance: a retinal image

quality (RIQ) with a through focus slope that degrades in a direction of eye growth; and a

the optical axis for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial
frequency range of 0 to 30 cycles/degree inclusive and at a wavelength selected from
within the range 540 nm to 590 nm inclusive. ‘

A lens for an eye, the lens having at least one optical axis and at least one optical profile
substantially about the at ieast one optical axis, the optical profiie: having at ieast one focal
distance; and including one or more higher order aberrations, wherein the profile provides,
for a model eye with substantially no aberrations an on-dxisl length equal to, or
substantially equal to,\the desired focal distance; a retinal image quality (RIQ) with a
through focus slope that improves in a direction of eye growth; and a RIQ of at least 0:3;
wherein the RIQ is measured substantially along the optical axis for at least one pupil
diameter in the range 3 mm to 6 mm, over a spatial frequency range of 0 to 30
cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590

nm inclusive.

(AS) A lens for an eye, the lens having an optical axis and an aberration profile about its optical

" axis, the aberration profile: having a focal distance; and including higher order aberrations

having at least one of a primary spherical aberration component C(4,0) and a secondary
spherical aberration component C(6,0), herein the aberration profile provides, for a model

eye with no aberrations, or substantially no, aberrations, and an on-axis length equal to, or
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substantial equal to, the focal distance: a retinal image quality (RIQ) with a through focus
slope that improves in a direction of eye growth; and a RIQ of at least 0.3, wherein the RIQ
is Visual Strehl Ratio measured substantially along the optical axis for at least one pupil

diameter in the range 3 mm to 6 mm, over a spatial frequency range of 0 to 30
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nm inclusive.

(A6) A lens for an eye, the lens having an optical axis and an aberration profile about its bptical

axis, the aberration profile: having a focal distance; and including higher order aberrations
having at least one of a primary spherical aberration component C(4,0) and a secondary
spherical aberration component C(6,0), hercin the aberration
eye with no aberrations and an on-axis length equal to the focal distance: a retinal image
quality (RIQ) with a through focus slope that improves in a direction of eye growth; and a
RIQ of at least 0.3, wherein the RIQ is Visual Strehl Ratio measured substantially along
the optical axis for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial
frequency range of 0 to 30 cycies/degree inciusive and at a waveiength seiected from

within the range 540 nm to 590 nm inclusive.

(A7) A lens for an eye, the lens having an optical axis, a focal distance and being characterised

by: an aberration profile about the lens’s optical axis, the aberration profile: including
higher order aberrations having at least one of a primary spherical aberration component
C(4,0) and a Secondary spherical aberration component C(6,0), herein the aberrétion
profile provides, for a model éye with no aberrations, or substantially no, aberrations, and
an on-axis length equal to, or substantial equal to, the focal distance: a retinal image
quality (RIQ) with a through focus slope that improves in a direction of eye growth; and a
RIQ of at least 0.3, wherein the RIQ is Visual Strehl Ratio measﬁred substantially along
the optical axis for at least one pupil diameter in the range 3 mrﬁ to 6 mm, over a spatial
frequency range of 0 to 30 cycles/degree inclusive and at a wavelength selected from

within the range 540 nm to 590 nm inclusive.

(A8) A lens for an eye, the lens having at least one optical axis and at least one optical profile

substantially about the at least one optical axis, the optical profile: having at least one focal
distance; and including one or more higher order aberratidns, wherein the profile provides,
for a model eye with substantially no aberrations an on-axis length equal to, or

substantially equal to, the desired focal distance; a retinal image quality (RIQ) with a

through focus slope that improves in a direction of eye growth; and a RIQ of at least 0.3; __
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wherein the RIQ is measured substantially along the optical axis for at least one pupil

diameter in the range 3 mm to 6 mm, over a spatial frequency range of 0 to 30
cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590
nm inclusive.

(A9) The lens of one or more A examples, wherein the focal distance is a prescription focal
distance for a myopic eye and wherein the focal distance differs from the focal distance for
a C(2,0) Zernike coefficient of the aberration profile.

(A10) The lens of one or more A examples, wherein the focal distance is a prescription focal
distance for a hyperopic eye and wherein the focal distance differs from the focal distance
for a C(2,0) Zernike coefficient of the aberration profile.

(A11) The lens of one or more A examples, wherein the higher order aberrations include at least
two spherical aberration terms selected from the group C(4,0) to C(20,0).

(A12) The lens of one or more A examples, wherein the higher order aberrations include at least
three spherical aberfation terms selected from the group C(4,0) fo C(20,0).

(A13) The lens of one or inore A exampies, wherein the higher order aberraiions inciude at least
four spherical aberration terms selected from the group C(4,0) to C(20,0).

(A14) The lens of one or more A examples, wherein the higher order aberrations include at least
five spherical aberration terms selected from the group C(4,0) to C(20,0). '

(A15) The lens of one or more A examples, wherein the higher order aberrations include at least

six spherical aberration terms selected from the group C(4,0) to C(20,0).

| (A16) The lens of one or more A examples, wherein the higher order aberrations include at least

seven spherical aberration terms selected from the group C(4,0) to C(20,0).

(A17) The lens of one or more A examples, wherein the magnitude of higher order aberrations

' included is at least 0.01 um over a 4 mm, 5 mm or 6 mm pupil diameter

(A18) The lens of one or more A examples, wherein the magnitude of higher order aberrations
included is at least 0.02 um over a 4 mm, 5 mm or 6 mm pupil diameter

(A19) The lens of one or more A examples, wherein the magnitude of higher order aberrations
included is at least 0.03 um over a 4 mm, 5 mm or 6 mm pupil diameter

(A20) The lens of one or more A examples, wherein the magnitude of higher order aberrations '
included is at least 0.04 um over a 4 mm, 5 mm or 6 mm pupil diameter

(A21) The lens of one or more A examples, wherein the magnitude of higher order aberrations

included is at least 0.05 um over a 4 mm, 5 mm or 6 mm pupil diameter

(A22) The lens of one or more A examples, wherein the average slope over a horizontal field of
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at least -20° to +20° degrades in a direction of eye growth. v
(A23) The lens of one or more A examples, wherein the average slope over a vertical field of at
least -20° to +20° degrades in the direction of eye growth.

(A24) The lens of one or more A examples, wherein the slope for a substantial portion of the

growth. ,

(A25) The lens of one or more A examples, wherein the slope for a substantial portion of the
field angles over a vertical field of at least -20° to +20° degrades in the direction of eye
growth. |

(A26) The lens of one or more A examples, wherein the aberration profile providés a RIQ of at
least 0.3 at the focal length for a substantial portion of the pupil diameters in the range 3
mm to 6 mm.

(A27) The lens of one or more A examples, wherein the aberration profile provides a RIQ of at
least 0.3 at the focal length for a substantial portion of pupil diameters in the range 4 mm
to 5 mm.

(A28) The lens of one or more A examplés, wherein the aberration profile provides a RIQ with
a through focus slope that degrades in the direction of eye growth when primary
astigmatism is added to the aberration profile.

(A29) The lens of one or more A examples, wherein the aberration profile provides a RIQ with
a through focus slope that improves in the direction of eye growth when primary
astigmatism is added to the aberration profile.

(A30) The lens of one or more A examples, wherein the aberration profile provides a RIQ with
a through focus slope that degrades in the direction of eye growth when secondary
astigma’tism is added to the aberration profile.

(A31) The lens of one or more A examples, wherein the aberration profile provides a RIQ with
a through focus slope that improves in the direction of eye growth when secondary
astigmatism is added to the aberration profile.

(A32) The lens of one or more A examples, wherein the RIQ is, or is characterised by:

((HFmes opr N, /r’rwflr:'rfa{.. ) & nemm [znlg wrln 0\ T[ 2 WA

ﬂ.+ﬁmx CSF(x,y) * (((FT([FT{A(p,B) *e [ZA *Wdiff(p.0) ]} '2))))

RIQ =
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—-Fmin

ﬂ“m“ CSF(x,y) « ( FT |F’T A(p,B8) x exp [— «Wi(p, 6)]}

RIQ =

D))
/
ff*:ﬁfcs‘f‘(x}y)*( iFT IFT{A(P»ﬁ)*e‘fp[—*Wdsz(p,e)]}lfz ))

wherein:
Fmin is 0 cycles/degree and Fmax is 30 cycles/degree;
- CSF(x, y) denotes the contrast sensitivity fun;tion,‘

CSF(F)=2.6(0.0192+0.1 14£)e ! 4L

where fenecifiec the tected ¢ el a .t K.
where fspecifies the tested s quency, in the rang Fpnto Foo
FT denotes a 2D fast Fourier transform;

A(p,0) denotes the pupil diameter;

W(p,6) dendtés wavefront phase of the test case measured for i=1 to 20;

W(p, ) = Za,f_zs(p. )
{=1

Wdiff(p, 6) denotes wavefront phase of the diffraction limited case;

p and 6 are normalised polar coordinates, where p represents the radial coordinate and 6

snemennamtn thna nmnrnloe anmcedicnta e amirasithe awmd
lU}llbDUlllb un ausuxcu VUUIMLLIAWL UL ALlliiuui, dlid

A denotes wavelength.

(A33) A lens including an optical axis and an aberration profile about the optical axis that

provides: a focal distance for a C(2,0) Zernike coefficient term; a peak Visual Strehl Ratio
(“first Visual Strehl Ratio’) within a through focus range, and a Visual Strehl Ratio that
remains at or above a second Visual Strehl Ratio over the through focus range that includes
said focal distance, wherein the Visual Strehl Ratio is measured for a model eye with no, or
substantially no, aberration and is measured along the optical axis for at least one pupil
diameter in the range 3 mm to 5 mm, over a spatial frequency range of 0 to 30
cycles/degree inclusive, at a wavelength selected from within the range 540 nm to 590 nm

inclusive, and wherein the first Visual Strehl Ratio is at least 0.35, the second Visual Strehl

Ratio is at least 0.1 and the through focus range is at least 1.8 Dioptres.

(A34) The lens of one or more A examples, wherein the first Visual Strehl Ratio is at least 0.4.
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(A35) The lens of one or more A examples, wherein the first Visual Strehl Ratio is at least 0.5.

(A36) The lens of one or more A examples, wherein the first Visual Strehl Ratio is at least 0.6.

(A37) The lens of one or more A examples, wherein the first Visual Strehl Ratio is at least 0.7.

(A38) The lens of one or more A examples, wherein the first Visual Strehl Ratid is at leasf 0.8.

(A39) The lens of one or more A examples, wherein the second Visunal Strehl Ratio is at least
0.1,0.12, 0.14, 0.16, 0.18 or 0.2. | |

(A40) The lens of one or more A examples, wherein the through focus range is at least 1.8
Dioptfes. ‘

(A41) The lens of one or more A exémples, wherein the through focus range is at least 1.9

(A42) The lens of one or more A examples, wherein the through focus range is at least 2
Dioptres.

(A43) The lens of one or more A examples, wherein the through focus range is at least 2.1
Dioptres.

(Ad4) The iens of one or more A examples, wherein the through focus range is at least 2.25
Dioptres. ’ o

(A45) The lens of one or more A examples, wherein the through focus rarige is at least 2.5
Dioptres.

(A46) The lens of one or more A examples, wherein the lens has a prescription focal distance

located within 0.75 Dioptres of an end of the through focus range.

- (A47) The lens of one or more A examples, wherein the lens has a prescription focal distance

located within 0.5 Dioptres of an end of the through focus range.

(A48) The lens of one or more A examples, wherein the lens has a prescription focal distance
located within 0.3 Dioptres of an end of the through focus range.

(A49) The lens of one or more A examples, wherein the lens has a prescription focal distance
located within 0.25 Dioptres of an end of the through focus range.

(A50) The lens of one or more A examples, wherein the end of the through focus range is the
negative power end. |

(A51) The lens of one or more A examples, wherein the end of the through focus range is the
positive power end. |

(A52) The lens of one or more A examples, wherein the Visual Strehl Ratio remains at or above
the second Visual Strehl Ratio over the through focus range and over a range of pupil

diameters of at least 1 mm.

ettt — . - C e e ——
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(A53) The lens of one or more A examples, wherein the Visual Strehl Ratio remains at or above
the second Visual Strehl Ratio over the through focus range and over a range of pupil
diameters of at least 1.5 mm. »

(A54) The lens of one or more A examples, wherein the Visual Strehl Ratio remains at or above
the second Visual Strehl Ratio over the through focus rénge and over a range of pupil
diameters of at least 2 mm.

(A55) The lens of one or more A examples, wherein the combination of higher order aberrations
includes at least one of primary spherical aberration and secondary spherical aberration.

(A56) The lens of one or more A examples, wherein the higher order aberrations include at least
two spherical aberration ferms selected from the group C(4,0) to C(20,0). |

(AS57) The lens of one or more A examples, wherein the higher order aberrations include at least
three spherical aberration terms selected from the group C(4,0) to C(20,0).

(A58) The lens of one or more A examples, wherein the higher ordér aberrétions include at least

| five spherical aberration terms selected from the group C(4,0) to C(20,0).

The lens of one or more A examples, wherein the aberration profile is substantially
described using only spherical aberration Zernike coefficients C(4,0) to C(20,0).

(A60) The lens of one or more A examples, wherein the RIQ for every field angle over a
horizontal field of at least -10° to +10° is at least 0.3, 0.35 or 0.4.

(A61) The lens of one or more A examples, wherein the RIQ for every field angle over a
horizontal field of at least -20° to +20° is at least 0.3, 0.35 or 0.4. |

(A62) The lens of one or more A examples, wherein the RIQ for every field angle over a
horizontal field of at least -30° to +30° is at least 0.3, 0.35 or 0.4.‘ |

(A63) The lens of one or more A examples, wherein the lens does not substantially reduce the
amount of light passing through the lens.

(A64) A method for a presbyopic eye, the method comprising identifying at least one wavefront
aberration profile for the eye, the at least one wavefront aberration profile including at least
two spherical aberration terms, wherein the prescﬁption focal distance of the lens is
determined taking into account said at least one spherical aberration and wherein the
prescription focal distance of the lens is at least +0.25D relative to a focal distance for a
C(2,0) Zemike coefficient term of the at least one wavefront aberration and producing one
or more of the following: a device, lens and corneal profile for the eye to affect said at least

one wavefront aberration profile.

(A65) A method for a myopic or emmetropic eye, the method comprising forming an aberration
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for the eye and applying or prescribing the aberration profile, the aberration profile: having
a focal diétance; and including at least one of a primary spherical aberration component
C(4,0) and a secondary spherical aberration component C(6,0), wherein the aberration
profile provides, for the eye: a retinal image quality (RIQ) with a through focus slope that
degrades in a direction of eye growth; and a RIQ of at least 0.3; wherein said RIQ is Visual
Strehl Ratio measured along the optical axis for at least one pupil diameter in the range 3
mm to 6 mm, over a spatiél frequency range of 0 to 30 cycles/degree inclusive ana at a
wavelength selected from within the range 540 nm to 590 nm inclusive.

(A66) A method for a hyperopic eye, the method comprising fohning an aberration for the eye

and annlvin
ar yin

n reccrihing the aherratinn nrafile the aherratinn nrafiler havinag a facal
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g aberration profile, the aberration profile: ha
distance; and including at least one of a primary spherical aberration component C(4,0) and
a secondary spherical aberration component C(6,0), wherein the aberration profile
provides, for the eye: a retinal image quality (RIQ) with a through focus slope that
improves in a direction of eye growth; and a RIQ of at least 0.3; wherein said RIQ is
Visual Sirehi Ratio measured along ilie optical axis for ai leasi one pupil diameier in the
range 3 mm to 6 mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive and
ata Wavelength selected from within the range 540 nm to 590 nm inclusive.

(A67) The method of one or more A examples, wherein applying or prescribing the aberration
profile comprises prbviding a lens, the lens having an aberration prbﬁle including at least
two spherical aberration terms selected from the group C(4,0) to C(20,0).

(A68) The method of one or more A examples, wherein applying or preséribing the aberration
profile comprises providing a lens, the lens having an aberration profile including at least

’ three spherical aberration terms selected from the group C(4,0) to C(Z0,0).

(A69) The method of one or more A examples, wherein applying or prescribing the aberration -
profile comprises providing a lens, the lens having an aberration profile including at least
five spherical aberration terms selected from the group C(4,0) to C(20,0).

(A70) A method for a myopic eye, the method comprising identifying a wavefront aberration
profile for the eye and applying or prescribixig the aberration profile, the wavefront
aberration profile including at least two spherical aberration  terms, wherein the
prescription focal distance of the lens is determined taking into account said spherical
abefration and wherein the prescription focal distance is at least +0.1D relative to a focal
distance for a C(2,0) Zernike coefficient term of the wavefront aberration profile and

wherein the wavefront aberration profile provides a degrading retinal image quality in the
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direction posterior to the retina.

(A71) A method for a hyperopic eye, the method comprising identifying a wavefront aberration
profile for the eye and applying or prescribing the aberration profile, the wavefront
aberration profile including at least two spherical aberration terms, wherein the
prescription focal distance of the lens is determined taking into account said spherical
aberratioh and wherein the prescription focal distance is at least +0.1D relative to a focal
distance for a C(2,0) Zernike coefficient term of the wavefront aberration ‘proﬁle and
wherein the wavefront aberration profile provides a improving retinal image quality in the

direction posterior to the retina.

+0.1D relative to a focal distance for a C(2,0) Zernike coefficient term of ‘the wavefront
aberration profile.

(A73) A method for a hyperopic eye, the method comprising identifying a wavefront aberration
profile for the eye and applying or prescribing the aberration profile, the wavefront
aberraiion proflie inciuding ai leasi iwo spherical aberration terms, wherein the
prescription focal distance of the lens is determined taking into account said spherical
aberration and wherein at the prescription focal distance the wavefront aberration profile
provides an improving retinal image quality in the direction posterior to {he retina.

(A74) The method of one or more A examples, whereinAthe lens does not substantially reduce

the amount of light passing through the lens.

Example set B:

(B1) A multifocal lens comprising: an optical axis; an effective near additional power of at least
1D; the optical i '
associated with the optical axis; the aberration profile is comprised of a defocus term and
at least two spherical aberration term; and the multifocal lens is configured to provide a
visual performance over intermediate and far distances that is at least substantially
equivalent to the visual performance of a correctly prescribed single-vision lens at the far
visual distance; and is configured to provide minimal ghosiing at far, iniermediate and near
distances.

(B2) The multifocal lens of one or more B claims, wherein the lens is configured to providé near

visual acuity of at least 6/6 in individuals that can achieve 6/6 visual acuity. !
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B7)
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The multifocal lens of one or more B claims, wherein the lens is configured to provide at
least acceptable visual performance at near distances.

A multifocal lens comprising: an optical axis; an effective near additional power of at least
0.75D; the optical properties of the multifocal lens are configured or devscribed based at

least in -.I't 1 an aberration

Q
'3

ofile associated with the optical axis; the aberration profile
is comprised of a defocus term and at least two spherical aberration terms; and the
multifocal lens is configured to provide a visual performance, along a range of
substantially continuous near visual distances, wherein the visual performance of the
multifocal lens is at least substantially equivalent to the visual performance of a correctly
prescribed single-vision le
provide a visual performance, along a range of substantially continuous intermediate and
far visual distances, wherein the visual performance of the multifocal lens is at least
substantially equivalent to the visual performance of a correctly prescribed single-vision

lens at the far visual distance.

5) A muitifocal iens comprising: an opticai axis; the optical properties of the muitifocal iens

are configured or described based at least in part on an aberration profile associated with
the optical axis; wherein the aberration profile is comprised of a defocus term and at least
two spherical aberration terms; and whercinv the multifocal lens is configured to provide a
visual performance, along a range of substantially continuous visual distances, including
near, intermediate and far distances, wherein the visual performance of the multifocal lens
is at least substantially equivalent to the visual performance of a correctly prescribed
single-vision lens at the far visual distance. |

A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens
are configured or described based at least in part on an aberration profile associated with
the optical axis; the aberration profile is comprised of a defocus term and at least two
spherical aberration terms; and the multifocal lens is configured to provide a visual
performance, along substantially continuous visual distances, including substantially near
distances, substantially intermediate distances, and substantially far distances, wherein the
visual performance of the multifocal lens is at least substantially equivalent to the visual
performance of an appropriately prescribed single-vision lens at the far visual distance.

A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens
are configured or described based on an aberration profile associated with the optical axis;

the aberration profile is comprised of a defocus term and at least two aberration terms; and
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the multifocal lens is configured to provide a visual performance, along a range of visual
distances, including near, intermediate and far distances, wherein the visual performance of
the lens is at least equivalent to the visual performance of a single-vision lens at the far
visual distance.

A multifocal 1ens comprising: an optical axis; the optical properties of the multifocal lens
are configured or described based on an aberration profile associated with the optical axis;
wherein the aberration profile is comprised of a defocus term and at least two aberration
terms; and wherein the multifocal lens is configured to provide a visual performance, along
a range of visual distances, including near, intermediate and far distances, wherein the

.
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vision lens at the far visual distance.

(B9)

A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens
are configured or described based at least iﬁ part on an aberration profile associated with
the optical axis; the aberration profile is comprised of a defocus term, at least two spherical
I cal lens is configured to
provide a visual performance, along a range of substantially continuous visual distances,
including near, intermediate and far distances, wherein the visual performance of the
multifocal lens is at least substantially equivalent to the visual performance of a correctly

prescribed single-vision lens at the far visual distance.

(B10) A muitifocal lens comprising: an optical axis; the optical properties of the multifocal lens

are conﬁgured' or described based on an aberration profile associated with the optical axis;
the aberration profile is comprised of a defocus term and at least two spherical aberration
terms; and the multifocal lens is conﬁgured to provide a visual performance over
intermediate and far distances that is at least substantially equivalent to the visual
performance of a correctly prescribed single-vision lens at the far visual distance; and is'

configured to provide minimal ghosting at far, intermediate and near distances

(B11) A multifocal lens for correction of presbyopia comprising: an optical axis; the optical

properties of the multifocal lens are configured or described based on an aberration profile
associated with the optical gxis; the aberration profile is comprised of a defocus terms, at
least two spherical aberration terms and at least one asymmetric aberration term; and the
multifocal lens is configured to provide a visual performance over intermediate and far

distances that is at least substantially equivalent to the visual performance of a correctly
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prescribed single-vision lens at the far visual distance; and is configured to provide
minimal ghosting at far, intermediate and near distances |

(B12) A multifocal lens for correction of presbyopia comprising: an optical axis; combinations
of one more areas of different focal powers; and the optical properties of the multifocal
lens is configured to provide a visual performance for a presbyopic eye over intermediate
and far distances that is at least substantially equivalent to the visual performance of a
correctly prescribed single-vision lens at the far visual distance; and is configured to
provide minimal ghosting at far, intermediate and near distances -

(B13) A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens

. . . 3
rafile acenciated with the antical
rollle associateg wit ¢ optical

h th ical axig; the
aberration profile is comprised of a defocus term and at least two spherical aberration term;
and the multifocal lens is configured to provide a visual performance over intermediate and
far distances that is at least substantially equivalent to the visual performance of a correctly
prescribed single-vision lens at the far visual distance; and is configured to provide
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- minimal ghosting at far, intermedi

(B14) A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens

are configured or described based at least in part on an aberration profile associated with

the optical axis; the aberration profile is comprised of a defocus term and at least two

spherical aberration terms; and the multifocal lens is configured to prbvide a visual

performance over intermediate and far distances that is at least substantially equivalent to

the visual performance of a prescribed single-vision lens at the far visual distance; and is
configured to provide minimal ghosting at far, intermediate and near distances.

(B15) A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens
are configured based on an aberration profile associated with the optical axis of the lens;
the aberration profile is comprised of a defocus term and at least two spherical aberration
terms; and the multifocal lens is configured to provide a visual performance over
intermediate and far distances that is at least substantially equivalent to the visual
performance of a correctly prescribed single-vision lens at the far visual distance; and is
configured to provide minimal ghosting at far, intermediate and near distances.

(B16) A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens
being characterised based on an aberration pfoﬁle associated with the optical axis of the
lens; the aberration profile is comprised of a defocus term and at least two spherical

aberration terms; and the multifocal lens is configured to provide a visual performance
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over intermediate. and far distances that is at least substantially equivalent to the visual
performance of a effectively prescribed single-vision lens at the far visual distance; and is
configured to provide minimal ghosting at far, intermediate and near distances.

(B17) The multifocal lens of one or more B examples, wherein the lens does not substantially
reduce the amount of light passing through the lens.

(B18) The muitifocal lens of one or more B examples, wherein the amount of light passing
through the lens is at least 80%, 85%, 90%, 95% or 99%.

(B19) The mulfifocal lens of one or more B examples, wherein the single-vision lens is one or

more of the following: prescribed, appropriately prescﬁbed, correctly prescribed and

.
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(B20) The muitifocal lens of one or more B examples, wherein the single-vision lens is a lens
with a substantially constant power across a substantial portion of an optic zone of the
single-vision lens. _

(B21) The multifocal lens of one or more B examples, wherein the single-vision lens is a lens
with a constant power across a poriion of an opiic zone of the single-vision lens.

(B22) The multifocal lens of one or more B examples, wherein the single-vision lens is a lens
with a substantially constant power across a portion of one or more optic zones of the
single-vision lens.

(B23) The multifocal lens of one or more B examples, wherein the multifocal lens is used for a
presbyopic eye. | |

(B24) The multifocal lens of one or more B examples, wherein the lens is configured for a
presbyopic eye.

(B25) The multifocal lens of one or more B examples, wherein the lens is configured to optically
correct or substantially correct presbyopia. |

(B26) The multifocal lens of one or more B exarhples, wherein the lens is configured to mitigate
or substantially mitigate the optical consequences of presbyopia.

(B27) The multifocal lens of one or more B examples, wherein the lens is configured to alter or
substantially alter a presbyopic condition to a non-presbyopic conditioh.

(B28) The multifocal lens of one or more B examples, wherein the multifocal lens is used for at
least correcting a presbyopic eye condition and when used provides an appropriate
correction to adjust the vision of the user towards substantially normal non-presbyopic
vision.

(B29) The multifocal lens of one or more B examples, wherein normal vision is 6/6 or better.
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(B30) The multifocal lens of one or more B examples, wherein the multifocal lens is further
characterised by minimal, substantially no or no, ghosting at near, intermediate and far
distances.

(B31) The multifocal lens of one or more B examples, wherein the multifocal lens is further
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distances and far distances.
(B32) The multifocal lens of one or more B examples, wherein the multifocal lens is further

configured to provide minimal, substantially no or no, ghosting at near, intermediate and

far distances.
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an undesired secondary image appearing at the image plane of the optical system.

(B34) The multifocal lens of one or more B examples, wherein the minimal ghosting is a lack of
an undesired secondary image appearing on the retina of the eye.

(B35) The multifbcal lens of one or more B examples, wherein the minimal ghosting is a lack of
an undesired double image appearing on the retina of the eye.

(B36) The multifocal lens of one or more B examples, wherein the minimal ghosting is a lack of
false out-of-focus image appearing along side of the primary image in an optical system.

(B37) The multifocal lens of one or more B examples, wherein the multifocal lens is further
configured to provide a sufficient lack of ghosting in a portion of near, intermediate and far
distances.

(B38) The multifocal lens of one or more B examples, wherein the multifocal lens is further
configured to provide a sufficient lack of ghosting at near distances, intermediate distances
and far distances.

(B39) The multifocal lens of one or more B examples, wherein the multifocal lens is further
configured to provide a sufficient lack of ghosting in a portion of two or more of the

~ following: near, intermediate and far distances.

(B40) The multifocal lens of one or more B examples, wherein lack of ghosting is lack of
undesired image appearing at the image plane of the optical system.

(B41) The multifocal lens of one or more B examples, wherein lack of ghosting is a lack of false
out of focus images appearing along side of the primary image in an optical system.

(B42) The multifocal lens of one or more B examples, wherein the multifocal lens is further
configured to provide a sufficient lack of ghosting in a portion of two or more of the

following: near distances, intermediate distances and far distances.
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(B43) The multifocal lens of one or more B examples, wherein the multifocal lens is further
configured to provide the RIQ of at leasi 0.1, 0.13, 0.17, 0.2, 0.225, or 0.25 in the near
distance range, the RIQ of at least 0.27, 0.3, 0.33, 0.35, 0.37 or 0.4 in the intermediate
diétance range and the RIQ of at least 0.35, 0.37, 0.4, 0.42, 0.45, 0.47, or 0.5 in the far

distance range.

(B44) The multifocal lens of one or more B examples, wherein the multifocal lens is further
configured to provide two or more of the following: the RIQ of at least 0.1, 0.13, 0.17, 0.2,
0.225, or 0.25 in the near distance range, the RIQ of at least 0.27, 0.3, 0.33, 0.35, 0.37 or
0.4 in the intermediate distance range and the RIQ of ét least 0.35, 0.37, 0.4, 0.42, 0.45,
0.

(B45) The inultifocal lens of one or more B examples, wherein the RIQs are selected in the near,
intermediate and far distance ranges such that the multifocal lens is configured to provide
minimal, or no, ghosting in near, intermediate and far distances. |

(B46) The multifocal lens of one or more B examples, wherein the multifocal lens is configured
to substantialiy eliminate, or substantiaily reduce, ghosting at near, intermediate and far
distances.

(B47) The multifocal lens of one or more B examples, wherein the multifocal lens is configured
to substantially eliminate, or substantially reduce, ghosting at near distances, intermediate
distances and far distances.

(B48) The multifocal lens of one or more B examples, wherein near distance is the range of 33
cm to 50 cm or 40 cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm, 50
cm to 80 cm or 50 cm to 70 cm; and far distance is the range of 100 cm or greater, 80 cm
or greater or 70 cm or greater.

(B49) The multifocal lens of one or more B examples, wherein near distance is the range of 33
cm to 50 cm or 40 cm to S0 cm; intermediate distance is the range of 50 cm to 100 cm, 50
cm to 8.0 cm or 50 cm to 70 cm; and far distance is the range of 100 cm or greater, 80 cm
or greater or 70 cm or greater and the near, intermediate and far distances are determined
by the distance from the object being focused on. |

(B50) The rﬂultifocal lens of one or more B examples, whérein near distance is the range of 40
cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the
range of 100 cm or greater.

(B51) The multifocal lens of one or more B examples, wherein near distance is the range of 40

cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the
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range of 100 cm or greater and the near, intermediate and far distances are determined by

the distance from the object being focused on.

* (B52) The multifocal lens of one or more B examples, wherein near distance is the range of 40

cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the
range of 100 cm to optical infinity.

(B53) The multifocal lens of one or more B examples, wherein near distance is the range of 40
cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the
range of 100 cm to optical infinity and the near, intermediate and far distances are
determined by the distance from the object being focused on.

(M&A
4

Tha multi
\UJ A llw ACLAW

\
J

5

to minimise, or reduce, ghosting at near, intermediate and far distances when used on
eye. |

(B55) The multifocal lens of one or more B examples, wherein the multifocal lens is configured
to minimise, or reduce, ghosting at near distances, intermediate distances and far distances
when used on an eye.

(B56) The multifocal lens of one or more B examples, wherein the range of substantially
continuous distances is continpous. '

(B57) The multifocal lens of one or more B examples, wherein the r'angé of substantially
continuous distances is continuous and goes from 40 c¢m to optical infinity.

(B58) The muitifocal lens of one or more B examples, wherein the range of substantially
continuous distances is from 33 cm to optical infinity.

(B59) The multifocal lens of one or more B examples, wherein the lens is configured such that at
least 40%, 50%, 60% or 70% of a randomly selected group of 15 affected individuals in
the near distances, intermediate distances .and far distances perceive minimal, or no,
ghosting at near distances, intermediate distances and far distances.

(B60) The multifocal lens of one or more B examples, wherein the lens is configured such that at
least 60%, 70%, 80% or 90% of a randomly selected group of 15 affected individuals in
the intermediate distances and far distances perceive minimal, or no, ghosting at
intermediate distances and far distances. A

(B61) The multifocal lens of one or more B examples, wherein the single vision lens provides a
visual acuity for the user of one or more of the following: at least 20/20, at least 20/30, at
least 20/40, at least about 20/20, at least about 20/30 and at least about 20/40, at far visual

distances.
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(B62) The multifocal lens of one or more B examples, wherein the aberration profile is
comprised of a defocus term and at least two, two or more, three, three or more, four, four
or more, five, five or more, six, six or more, seven, seven or more, eight, eight or more,

nine, nine or more, ten, or ten or more spherical aberration terms.

(B63) The multifocal lens of one or more B examples, wherein the aberration profile is
comprised of a defocus term and at least two, three, four, five, six, seven, eight, nine, or at
least ten spherical aberration terms. '

(B64) The multifocal lens of one or more B examples, wherein the aberration profile is

comprised of a defocus term and spherical aberration terms between C(4,0) and C(6,0),
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C(16,0), C(4,0) and C(18,0), or C(4,0) and C(20,0).

(B65) The multifocal lens of one or more B examples, wherein the single vision lens provides a
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visual acuity that is the best-corrected visual acuity.

(B66) The multifocal lens of one or more B examples, wherein the best-corrected visual acuity is
a visual acuity that cannot be substantially improved by further manipulating the poWer of
the single vision lens.

(B67) The multifocal lens of one or more B examples, wherein the lens has two optical surfaces.

(B68) The multifocal lens of one or more B examples, wherein the least one aberration profile is
along the optical axis of the lens.

(B69) The multifocal lens of one or more B examples, wherein the lens has a focal distance.

(B70) The multifocal lens of one or more B examples, wherein the aberration profile includes
higher order aberrations having at least one of a primary spherical aberration component
C(4,0) and a secondary spherical aberration component C(6,0). -

(B71) The multifocal lens of one or more B examples, wherein the aberration profile provides,
for a model eye with no, or substantially no, aberrations and an on-axis length equal to the
focal distance: the retinal image quality (RIQ) with a through focus slope that degrades in a
direction of eye growth; and the RIQ of at least 0.3; wherein the RIQ is Visual Strehl Ratio
measured along the optical axis for at least one pupil diameter in the range 3 mm to 6 mm,
over a spatial frequency range of 0 to 30 cycles/degree inclusive and at a wavelength
selected from within the range 540 nm to 590 nm inclusive.

(B72) The multifocal lens of one or more B examples, wherein the aberration profile provides,

for a model eye with no, or substantially no, aberrations and an on-axis length equal to the

focal distance: the retinal image quality (RIQ) with a through focus slope that improves_in
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a direction of eye growth; and the RIQ of at least 0.3; wherein the RIQ is Visual Strehl
Ratio measured along the optical axis for at least one pupil diameter in the range 3 mm to 6
mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive and at a wavelength

selected from within the range 540 nm to 590 nm inclusive.

(R73) The multifocal lens of one or more B examples, wherein the lens has an optical axis and

an aberration profile about its optical axis, the aberration profile: having a focal distance;
and including higher order aberrations having at least one of a primary spherical aberration
component C(4,0) and a secondary spherical aberration component C(6,0), wherein the

aberration profile provides, for a model eye with no, or substantially no, aberrations and an
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focus slope that degrades in a direction of eye growth; and the RIQ of at least 0.3; wherein
the RIQ is Visual Strehl Ratio measured along the optical axis for at least one pupil
diameter in the range 3 mm to 6 mm, over a spatial frequency range of 0 to 30

cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590

“nm inciusive.

(B74) The multifocal lens of one or more B examples, wherein the lens has an optical axis and

an aberration profile about its optical axis, the aberration profile: having a focal distance;
and including higher order aberrations having at least one of a primary spherical aberration
component C(4,0) and a secondary spherical aberration component C(6,0), wherein the
aberration profile provides, for‘ a model eye with no, or substantially no, aberrations and an
on-axis length equal, or substantlally equal, to the focal distance: the RIQ with a through
focus slope that improves in a direction of eye growth and the RIQ of at least 0. 3; wherein
the RIQ is Vlsual Strehl Ratio measured along the optical axis for at least one pupil
diameter in the range 3-mm to 6 mm, over a spatial frequency range of 0 to 30
cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590

nm inclusive.

(B75) The multifocal lens of one or more B examples, wherein the focal distance is a

prescription focal distance for a myopic, hyperopic, astigmatic, and/or presbyopic eye and
wherein the focal distance differs from the focal distance for a C(2,0) Zernike coefficient

of the aberration profile.

(B76) The multifocal lens of one or more B examples, wherein the higher order aberrations

include at least two spherical aberration terms selected from the group C(4,0) to C(20,0).
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(B77) The multifocal lens of one or more B examples, wherein the higher order aberrations
include at least three spherical aberration terms selected from the group C(4,0) to C(20,0).

(B78) The multifocal lens of one or more B examples, wherein the higher order aberrations
include at least five spherical aberration terms selected from the group C(4,0) to C(20,0).

(B79) The multifocal lens of one or more B examples, wherein the average slope over a
horizontal field of at least -20° to +20° degrades in a direction of eye growth.

(B80) The multifocal lens of one or more B examples, wherein the average slope over a
horizontal field of at least -20° to +20° improves in a direction of eye growth.

(B81) The multifocal lens of one or more B examples, wherein the éverage slope over a vertical

field of at least -20° to +20° degrades in a direction of eye growth. h

(B82) The multifocal lens of one or more B examples, wherein the average‘ slope over a vertical
field of at least -20° to +20° improves in a direction of eye growth.

(B83) The multifocal lens of one or more B examples, wherein the slope for a substantial portion
‘of the field angles over a horizontal field of at least -20° to +20° degrades in a direction of
eye growth.

(B84) The multifocal lens of one or more B examples, wherein the substantial portion of the
field angles over a horizontal field is at least 75%, 85%, 95% or 99% of the field angles.

(B85) The multifocal lens of one or more B examples, wherein the substantial portion of the
field angles over a horizontal field is every field angle.

(B86) The multifocal lens of one or more B examples, wherein the slope for a substantial portion
of the field angles over a vertical field of at least -20° to +20° degrades in a direction of

eye growth.

(B87) The multifocal lens of one or more B examples, wherein the substantial portion of the

field angles over a vertical field is every angle.

(B88) The multifocal lens of one or more B examples, wherein the substantial portion of the
field angles over a vertical field is at least 75%, 85%, 95% or 99% of the field angles.
(B89) The multifocal lens of one or more B examples, wherein the aberration profile provides

the RIQ of at least 0.3 at the focal length for a substantial portion of pupil diameters in the

nm to 6 mm.

range 3 1
(B90) The multifocal lens of one or more B examples, wherein the aberration profile provides
the RIQ of at least 0.3 at the focal length for a substantial portion of pupil diameters in the

range 4 mm to 5 mm.
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(B91) The mu]fifocal lens of one or more B examples, wherein the aberration profile provides
the RIQ with a‘through focus slope that degrades in a direction of eye growth when
primary or secondary astigmatism is added to the aberration profile. |

(B92) The multifocal lens of one or more B examples, wherein the aberration proﬁle provides
the RIQ with a through focus slope that improves in a direction of eye growth when
primary or secondary astigmatism is added to the aberration profile.

(B93) The multifocal lens of one or more B examples, wherein the primary or secondary
astigmatism is added to the desired aberration profile by altering one or moré of thﬁe
followmg terms: C(2,-2), C(2,2), C(4,-2), C(4,2), C(6,-2), and/or C(6,2).
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B 5, wherein the aberration profile provi
the RIQ with a through focus slope that degrades in a direction of eye growth when
secondary astigmatism is added to the aberration profile. ’

(B9S) The multifocal lens of one or more B examples, wherein the secondary astigmatism is
édded to the desired aberration profile by altering one or more of the folléwing. terms:
C(2,-2), C(2,2), C(4,-2), C(4,2), C(6,-2), and/or C(6,2).

(B96) The multifocal lens of one or more B examples, wherein the RIQ is characterised by

2l

17 CSE (a3 » (CFT(FT{A(p.6) = exp [7— «w(p.6) |}1)))

(12 CsF(xy) + ((FFQFT{400,0) * exp [2E < wdiff(p.0) |} P))
’))

)
[20mes esp(x,y) « ( ((IFT(|FT [A(p,e) vexp [« wai £ f(p, 0)])[12)

RIQ =

/

)

L5 CSF(x,y) + ((( 1FT([FT{A(p,6) x exp [2’“ Ww(p.0)|}:

RIQ =

wherein:

Fminis 0 cycies/degr;ee and Fmax is 30 cycles/degree;

CSF(x, y) denotes the contrast sensitivity function,
CSF(F)=2.6(0.0192+0.114f)e 11401,

where f speciﬁes the tested spatial frequency, in the range of Fyuin t0 Fiax;
FT denotes a 2D fast Fourier transform,;

A(p,8) denotes the pupil diameter;

W{(p.6) denotes wavefront phase of the test case measured for i=1 to 20
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k
W(p,6) = Za,z,.(p, 8)

i=1 ;
Wdiff(p, 6) denotes wavefront phase of the diffraction limited case;

p and @ are normalised polar coordinates, where p represents the radial coordinate and 0

represents the angular coordinate or azimuth; and

A denotes wavelength.

(B97) The multifocal lens of one or more B examples, wherein the multifocal lens includes an

optical axis and an aberration profile along the optical axis that provides: a focal distance
for a C(2,0) Zernike coefficient term; a peak Visual Strehl Ratio (‘first Visual Strehl
Ratio’) within a through focus range, and a Visual Strehl Ratio that remains at or above a
second Visual Strehl Ratio over the through focus range that includes said focal distance,
wherein the Visual Strehl Ratio is measured for a model eye with no, or substantially no,
aberration and is measured along the optical axis for at least one pupil diameter in the
range 3 mm to 5 mm, over a spatial frequency range of 0 to 30 cycleé/degree inclusive, ata -
wavelength selected from within the rangé 540 nm to 590 nm inclusive, and wherein the
first Visual Strehl Ratio is at least 0;35, the second Visual Strehl Ratio is at least 0.1 and
the through focus range is at least 1.8 Dioptres.

(B98) The multifocal lens of one or more B examples, wherein the multifocal lens includes an

optical axis and an aberration profile along the optical axis that provides: a focal distance
for a C(2,0) Zemike coefficient term; a peak Visual Strehl Ratio (‘first Visual Strehl
Ratio”) within a through focus range, and a Visual Strehl Ratio that remains at or above a
second Visual Strehl Ratio over the through focus range that includes said focal distance,
wherein the Visual Strehl Ratio is measured for a model eye with no aberration and is
measured along the optical axis for at least one pupil diameter in the range 3 mm to 5 mm,
over a spatial freciuency range of 0 to 30 cycles/degree inclusive, at a wavelength selected
from within the range 540 nm to 590 nm inclusive, and wherein the first Visual Strehl

Ratio is at least 0.35, the second Visual Strehl Ratio is at least 0.1 and the through focus

ange is at least 1.8 Diontres

{ 0
fail I> dl 1tdsl 1. OGS,

(B99) The multifocal lens of one or more B examples, wherein the first Visual Strehl Ratio is at

least 0.3, 0.35, 0.4, 0.5, 0.6, 0.7 or 0.8.
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(B100) The multifocal lens of one or more B examples, wherein the second Visual Strehl Ratio is
at least 0.1, 0.12, 0.15, 0.18 or 0.2. .
(B101) The multifocal lens of one or more B examples, wherein the through focus range is at

least 1.7, 1.8, 1.9, 2, 2.1, 2.25 or 2.5 Dioptres.

(B102) The multifocal lens of one or more B examples, wherein the lens has a prescription focal
distance located within 0.75, 0.5, 0.3, or 0.25 Dioptres, inclusive, of an end of the through
chus range.

(B103) The multifocal lens of one or more B examples, wherein the end of the through focus

range is the negative power end.

range is the positive power end.

(B105) The multifocal lens of one or more B examples, wherein the Visual Strehl Ratio remains
at or above the second Visual Strehl Ratio over the through focus range and over a range of
pupil diameters of at least | mm, 1.5 mm, 2 mm, 2.5 mm, or 3 mm.

(B106) The muiiifocal iens of one or more B exampies, wherein ihe combination of higher order
aberrations includes at least one of primary spherical aberration and secondary spherical

‘aberration.

(B107) The multifocal lens of one or more B examples, wherein the higher order aberrations
include at least two, three, or five spherical aberration terms selected from the group C(4,0)
to C(20,0).

(B108) The multifocal lens of one or more B examples, wherein the aberration proﬁlé is
substantially charactered using only spherical aberration Zernike coefficients C(4,0) to
C(20,0). '

(B109) The multifocal lens of one or more B examples, wherein the RIQ for a substantial portion
of the angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to +30° is
at least 0.4.

(B110) The multifocal lens of one or more B examples, wherein the RIQ for a substantial portion
of the angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to +30° is
at least 0.35. _

(B111) The multifocal lens of one or more B examples, wherein the RIQ for a substantial portion
of the angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to +30° is

at least 0.3.
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(B112) The multifocal lens of one or more B examples, wherein the lens is one or more of the
following: contact lens, corneal onlays, corneal inlays, anterior chamber intraocular lens or
posterior chamber intraocular lens.

(B113) The multifocal lens of one or more B examples, wherein the lens is one of the following:

chamber intraocular lens.

(B114) The multifocal lens of one or more B examples, wherein a first multifocal lens is
provided based on one or more of the B examples and a second multifocal lens is pfovided
based on one or more of the B examples to form a pair of lenses.

ens of one or more B exam
provided based on one or more of the B examples and a second lens is provided to form a
pair of lenses.

(B1 16)-The multifocal lens of one or more B examples, wherein a pair of multifocal lenses are
provided for use by an individual to substantially correct the individual’s vision.

(B117) A method for making or using one or more of the muitifocal ienses of one or more B

examples.

Example set C:

(C1) A lens comprising: an optical axis; at least two optical surfaces; wherein the lens is
configured to provide a visual performance on a presbydpic eye substantially equivalent to
the visual performance of a single-vision lens on the pre-presbyopic eye; and wherein the
lens has an aperture size greater than 1.5 mm.

(C2) A lens comprising: an optical axis; at least two optical surfaces; wherein the lens is

I narf‘nrmannp nn
L PWVLLULLLAMAVY .

the visual performancé of a correctly prescribed single-vision lens on the pre-presbyopic
eye; and wherein the lens has anb aperture size greater than 1.5 mm.

(C3) A lens comprising: an optical axis; at least two optical surfaces; wherein the lens is
configured to provide a visual performance for a presbyopic condition substantially
equivalent to the visual performance of an appropriately prescribed single-vision lens for
the pre-presbyopic condition; and wherein the lens has an aperture size greater than 1.5

mim.
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(C4) A lens comprising: an optical axis; at least two optical surfaces; wherein the lens is
conﬁgured to prov1de a visual performance on a presbyopic eye substantially equlvalent to
the visual performance of a effectively prescribed single-vision lens on the pre—presbyoplc
eye; and wherein the lens has an aperture size greater than 1.5 mm.

(C5) The lens of one or more of the C examples, wherein the lens is configured based on an
aberration profile associated with the optical axis; the aberration profile is comprised of a
defocus term and at least two spherical aberration terms; and the lens is configured to
provide the visual performance, along a range of substantially continuous visual distances,

including near, intermediate and far distances.

amount of light passing through the lens '

(C7) The lens of one or more C examples, wherein the amount of light passing through the lens
is at least 80%, 85%, 90%, 95% or 99%. |

(C8) The lens of one or more of the C examples, wherein the lens is configured to provide the
vmuax performance, along substantially continuous visual distances, including substantially
near distances, substantially intermediate distances, and substantially far distances.

(C9) The lens of one or more of the C examples, wherein the lens is configured to provide the
visual performance, along continuous Visual distances, including near distances,
intermediate distances, and far distances.

(C10) The iens of one or more of the C exampies, wherein the lens is configured to provide the -
visual performance, along a range of visual distances, including near, intermediate and far
distances. |

(C11) The lens of one or more of the C examples, wherein the aberration profile is comprised of
the defocus term, the at least two spherical aberration terms and at least one asymmetric
higher order aberration term. V

(C12) The lens of one or more of the C examples, wherein the lens is characterised in part by the
aberration profile associated with the optical axis of the lens.

(C13) The lens of one or more C examples, wherein the single-vision lens is one of the
following: prescribed, correctly prescribed, appropriately prescribed, properly prescribed
or effectively prescribed. '

(C14) The lens of one or more C examples, wherein the lens is one or more of the following:
cbntact lens, corneal onlays, corneal inlays, intra-ocular contact lens, intraocular lens,

anterior chamber intraocular lens and posterior chamber intraocular lens.
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(C15) The lens of one or more C examples, wherein the lens is one of the following: contact
lens, corneal onlays, corneal inlays, intra-ocular contact lens, intraocular lens, anterior
chamber intraocular lens or posterior chamber intraocular lens.

(C16) The lens of one or more C examples, wherein the single-vision lens is a lens with a
substantially constant power across a substantial portion of an optic zone of the single-
vision lens. N

(C17) The lens of one or more C examples, wherein the single-vision lens is a lens with a
constant power across a portion of an optic zone of the single-vision lens.

(C18) The lens of one or more C examples, wherein the siﬁgle-vision lens is a lens with a
substantially constant power across one or more portions of the optic zone of the single-
vision lens.

(C19) The lens of one or more C examples, wherein the single-vision lens is a lens with a
constant power across one or more portions of the optic zone of the single-vision lens.

(C20) The lens of one or more C examples, wherein the lens is configured to optically correct or

(C21) The lens of one or more C examples, wherein the lens is configured to alter, or
substantially alter, a presbyopic condition to a non-presbyopic condition.
(C22) The lens of one or more C examples, wherein the lens is used for at least correcting a

presbyopic eye condition and when used provides a best available fit to adjust the vision of

(C23) The lens of one or more C examples, wherein the lens is further characterised by minimal,
or no, ghosting at near, intermediate and far distances.

(C24) The lens of one or more C examples, wherein the lens is further configured to provide
minimal, or no, ghosting at near, intermediate and far distances.

he lens of one or more C examples, wherein ihe fens is {uriher configured to provide a
sufficient lack of ghosting in a substantial portion of near, intermediate and far distances.

(C26) The lens of one or more C examples, wherein the lens is further configured to provide a
sufficient lack of ghosting in a substantial portion of two or more of the following: near,
intermediate and far distances.

(C27) The lens of one or more C examples, wherein the lens is further configured to provide a
sufficient lack of ghosting in two or more of the following: near, intermediate and faf

distances.
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(C28) The lens of one or more C examples, wherein the lens is further configured to provide the
RIQ of at least 0.1, 0.12, 0.14, 0.16, 0.18 or 0.2 in the near distance range, the RIQ of at
least 0.3, 0.32, 0.34, 0.36, 0.38 or 0.4 in the intermediate distance range and the RIQ of at
least 0.4, 0.45, 0.5, 0.6 or 0.7 in the far distance range. .

(C29) The lens of one ar mare C examples, wherein the lens is further configured to provide two
or more of the following: the RIQ of at least 0.1, 0.12, 0.14, 0.16, 0.18 or 0.2 in the near
distance range, the RIQ of at least .3’, 0.32, 0.34, O..36, 0.38 or 0.4 in the intermediate
distance range and the RIQ of at least 0.4, 0.45, 0.5, 0.6 or 0.7 in the far distance range.

(C30) The lens of one or more C examples, wherein RIQs are selected in the near, intermediate

nd far distance ranges such that the len
in near, intermediate and far distances.

(C31) The lens of one or more C examples, wherein the lens is configured to substantially
eliminate, or substantially reduce, ghosting at near, intermediate and far distances.

(C32) The lens of one or more C examples, wherein near distance is the range of 33 cm to 50 cm
or 40 cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm, 50 cm to 80 cm
or 50 cm to 70 cm; and far distance is the range of 100 cm or greater, 80 cm or greater or
70 cm or greater.

(C33) The lens of one or more C examples, wherein near distance is the range of 33 cm to 50 cm
or 40 cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm, 50 cm to 80 cm
or 50 cm to 70 cm; and far distance is the range of 100 cm or greater, 80 cm or greater or
70 cm or greater and the near, intermediate and far distances are determined by the
distance from the object being focused on.

(C34) The lens of one or more C examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm or greater.

(C35) The lens of one or more C examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm or greater and the near, intermediate and far distances are determined by the
distance from the object being focused on.

(C36) The lens of one or more C examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of

100 cm to optical infinity.
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(C37) The lens of one or more C examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm to optical infinity and the near, intermediate and far distances are determined by
the distance from the object being focused on. |

(C38) The lens of one or more C examples, wherein the lens is configured to minimize, or
reduce, ghosting at near, intermediate and far distances when used on the pre-presbyopic
eye. |

(C39) The lens of one or more C examples, wherein ghosting is measured when the lens is used

- on the pre-presbyopic eye. |

(C40) The lens of one or more C examples
distances is continuous.

(C41) The lens of one or more C examples, wherein the range of substantially continuous
distances is continuous and gdes from 40 cm to optical infinity.

(C42) The lens of one or more C examples, wherein the range of substantially continuous

o funamna VY dn b meadian]l d Tdms
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distances is

(C43) The lens of one or more C examples, wherein the lens is configured such that at least 40%,
50%, 60% or 70% of a randomly selected group of 15 affected individuals in the near,
intermediate and far distance rahges perceive minimal, or no, ghosting at near,
intermediate and far distances. |

(C44) The iens of one or more C exampies, wherein the iens is configured such that at ieast 60%,
70%, 80% or 90% of a rahdomly selected group of 15 affected individuals in the near,
intermediate and far distance ranges perceive minimal, or no, ghosting at near,
intermediate and far distances.

(C45) The lens of one or more C examplés, wherein the single vision lens provides a visual -
acuity for the user of one or more of the following: at least 20/20, ét least 20/30, at least
20/40, at least about 20/20, at least about 20/30 and at least about 20/40, at far visual
distance.

(C46) The lens of one or more C examples, wherein the aberration profile is comprised of the
defocus term and the at least two, two or more, three, three or ‘more, four, four or more,
five, five or more, six, six or more, seven, seven or more, eight, eight or more, ten, or ten

or more spherical aberration terms.
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(C47) The lens of one or more C examples, wherein the aberration profile is comprised of the
defocus term and the at least two, three, four, five, six, seven, eight, or at least ten spherical
aberration terms. |

(C48)' The multifocal lens of one or more C examples, wherein the aberration profile is
comprised of a defocus term and spherical aberration terms between C(4,0) and C(6.0),
C(4,0) and C(8,0), C(4,0) and C(10,0), C(4,0) and C(12,0), C(4,0) and C(14,0), C(4,0) and
C(16,0), C(4,0) and C(18,0), or C(4,0) and C(20,0). |

(C49) The lens of one or more C examples, wherein the best-corrected visual acuity is a visual

acuity that cannot be substantially improved by further manipulating the power of the

(C50) The lens of one or more C examples, wherein the least one aberration profile is along the
optical axis of the lens. .

(C51) The lens of one or more C examples, wherein the aberration profile includes higher order
aberrations having at least one of a primary spherical aberration component C(4,0) and a
seéondary. spherical aberraiion compbnent C(6,0).

(C52) The lens 0f one or more C examples, wherein the aberration profile provides, for a model
eye with no aberrations and an on-axis length equal to the focal distance: the RIQ with a

~ through focus slope that degrades in a direction of eye growth; and the RIQ of at least
0.30; wherein the RIQ Ais Visual Strehl Ratio measured along the optical axis for at least
one pupil diameter in the range 3 mm to 6 mm, over a spatial frequency range ot 0 to 30
cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590
nm inclusive.

(C53) The lens of one or more C examples, wherein the aberration profile provides, for a model
eye with no aberrations and an on-axis length equal to the focal distance: the RIQ with a
through focus slope that improves in a direction of eye growth; and the RIQ of at least 0.3;
wherein the RIQ is Visual Strehl Ratio measured along the optical axis for at least one
pupil diameter in the range 3 mm to 6 mm, over a spatial frequency range of 0 to 30
cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590
nm inclusive. |

(C54) The lens of one or more C examples, wherein the lens has the optical axis and the
aberration profile about the lens optical axis, the aberraﬁon profile: having the focal
distance; and including higher order aberrations having the at least one of a primary

spherical aberration component C(4,0) and the secondary spherical aberration component
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C(6,0), wherein the aberration profile provides, for the model eye with no aberrations and
an on-axis length equal to the focal distance: the RIQ with a through focus slope that
degrades in a direction of eye growth; and the RIQ of at least 0.3; wherein the RIQ is
Visual Strehl Ratio measured along the optical axis for the at least one pupil diameter in
the range 3 mm to 6 mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive
and at a wavelength selected from within the range 540 nm to 590 nm inclusive.

(C55) The‘ lens of one or more C examples, wherein the focal distance is a prescription focal
distance for a myopic eye and wherein the focal distance differs from the focal distance for
a C(2,0) Zernike coefficient of the éberration profile.

N\ Tha lana
) 111% 11D

CS56 of one or more C examples, wherein the higher order
two spherical aberration terms selected from the gfoup C(4,0) to C(20,0).

(C57) The lens of one or more C examples, wherein the higher order aberrations include at least
three spherical aberration terms selected from the group C(4,0) to C(20,0).

(C58) The lens of one or more C bexamples, wherein the higher order aberrations include at least
five spherical aberration terms seiected from the group C(4,0) to C(20,0). |

(C59) The lens of one or more C examples, wherein the average slope over a horizontal field of
at least -20° to +20° degradesina direction of eye growth.

(C60) The lens of one or more C examples, wherein the average slope over a vertical field of at
least -20° to +20° degrades in a directibn of eye growth. o

(C61) The lens of one or more C examples, wherein the slope for a substantial portion of the
field angles over a horizontal field of at least -20° to +20° degrades in a direction of eye
growth.

(C62) The lens of one or more C examples, wherein the substantial portion of the field angles
over a horizontal field is every field angle. |

(C63) The lens of one or more C examples, wherein the slope for a substantial portion of the

field angles over a vertical field of at least -20° to +20° degrades in a direction of eye

growth.

. (C64) The lens of one or more C examples, wherein the substantial portion of the field angles

over a vertical field is every angle.
(C65) The lens of one or more C examples, wherein the aberration profile provides the RIQ of at
least 0.3 at the focal length for a substantial portion of pupil diameters in the range 3 mm

to 6 mm.
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(C66) The lens of one or more C examples, wherein the aberration profile provides the RIQ of at
\ least 0.3 at the focal length for a substantial portion of pupil diameters in the range 4 mm
to 5 mm.

(C67) The lens of one or more C examples, wherein the aberration profile provides the RIQ with

5 a through focus slope that degrades in a direction of eye growth when primary astigmatism
is added to the aberration profile.

(C68) The lens of one or more C examples, wherein the aberration profile provides the RIQ with
a through focus slope that degrades in a direction of eye growth when secondary

astigmatism is added to the aberration profile.

10 C.47. The lens of one or more C examples, wherein the RIQ is characterised by

IV g GSF(3) * (CFTQFT {4(08) = exp 27 » wio.0) [J )

o= +F o= 27i
I g, CSF(2,3) * (C(FT(IFT{A(p.B) * exp[ T *Wdiff(p,8) ]] 2))
ﬂ—:r:;:x CSF(x,3)* (( iFT IFT {Atp,ﬂ\ * exp [— * W(P; 6)]}' ))
RIQ = i

12 )))

FEEma% s (e, ) w (( 1r(|Fr{atoe )«exp[——-*Wd:ffkp, ]}

wherein:
Fmin is 0 cycles/degree and Fmax is 30 cycles/degree;
15 CSF(x, y) denotes the contrast sensitivity function,
CSF(F)=2.6(0.0192+O.1 14£)e 011411
where f specifies the tested spatial frequency, in the range of Fi, t0 Finay;
FT denotes a 2D fast Fourier transform;
A(p,6) denotes the pupil diameter;

20 W(p,8) denotes wavefront phase of the test case measured for i=1 to 20;

k
W(p,6) = Zafz,-(p. &)

Wdiff(p, ) denotes wavefront phase of the diffraction limited case;

p and € are normalised polar coordinates, where p represents the radial coordinate and 0

represents the angular coordinate or azimuth; and

“ L - - ————————————————.. .



. W

10

15

20

25

30

113

A\ denotes wavelength.

(C69) The lens of one or more C examples, wheréin the lens includes the optical axis and the
aberration profile about the optical axis that provides: the focal distance for the C(2,0).
Zernike coefficient térm; a peak Visual Strehl Ratio (‘first Visual Strehl Ratio’) within a
through focus range, and a Visuai Sirehi Ratio that remains at or above a second Visuai
Strehl Ratio over the through focus range that includes the focal distance, wherein the
Visual Strehl Ratio is measured for the model eye with no aberration and is measured
along the optical axis for at least one pupil diameter in the range 3 mm to 5 mm, over the
spatial frequency range of 0 to 30 cycles/degree inclusive, at the wa{/elength selected from
within the range 540 nm to 590 nm inclusive, and wherein the first Visual Strehl Ratio is at
least 0.35, the second Visual Strehl Ratio is at least 0.1 and the through focus range is at
least 1.8 Dioptres.

(C70) The lens of one or more C examples, wherein the first Visual Strehl Ratio is at least 0.4,
0.5, 0.6, 0.7 or 0.8.

(C71) The lens of one or more C examples, wherein the second Visual Strehl Ratio is at least
0.1,0.12,0.14, 0.16,0.18 or 0.2. |

(C72) The lens of one or more C examples, wherein the through focus range is at least 1.7, 1.8,
1.9,2, 2.1, 2.25 or 2.5 Dioptres. |

(C73) The lens of one or more C examples, wherein the lens has a prescription focal distance
located within 0.75, 0.5, 0.3, or 0.25 Dioptres, inclusive, of an end of the through focus
range.

(C74) The lens of one or more C examples, wherein the end of the through focus range is the
negative power end. |

(C75) The lens of one or more C examples, wherein the end of the through focus range is the
positive power end.

(C76) The lens of one or more C examples, wherein the Visual Strehl Ratio remains at or above
the second Visual Strehl Ratio over the through focus range and over a range of pupil
diameters of at least ] mm, 1.5 mm or 2 mm.

(C77) The lens of one or more C examples, wherein the combination of higher order aberrations
includes at least one of primary spherical aberration and secondary spherical aberration.

(C78) The lens of one or more C examples, wherein the higher order aberrations include at least

two, three, or five spherical aberration terms selected from the group C(4,0) to C(20,0).

s
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(C79) The lens of one or more C examples, wherein the aberration profile is substantially
charactered using only spherical aberration Zernike coefficients C(4,0) to C(20,0).
(C80) The lens of one or more C examples, wherein the RIQ for a substantial portion of the

angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to +30° is at

aact N 2 (\"&< or 0.4.

least 0.3, 0.35,

(C81) The lens of one or more C examples, wherein the RIQ for every angle over a horizontal
field of at least -10° to +10°, -20° to +20° or -30° to +30° is at least 0.3, 0.35, or 0.4.

(C82) The lens of one or more C examples, wherein a ﬁrst lens is provided based on one or more
of the C examples and a second lens is provided based on one or more of the C examples
to form a pair of ienses. |

(C83) The lens of one or more C examples, wherein a first lens is provided based on one or more
of tﬁe C examples and a second lens is provided to form a pair of lenses. ’

(C84) The lens of one or more C examples, wherein the pair of lenses are provide for use by an

individual to substantially correct the individuals version.

Example set D:

(D1) A lens for an eye, the lens havidg at least one optical axis and at least one optical profile
substantially about at least one optical axis, the optical profile comprising: at least one
focal distance; and one or more higher order aberrations, wherein the optical profike
provides for: a model eye with substantially no aberrations and an on-axis length equal to,
or substantially equal to, the desired focal distance; a retinal image quality (RIQ) with a
through focus slope that degrades in a direction of eye growth; and a RIQ of at least 0.3;
and wherein the RIQ is measured along the optical axis for at least one pupil diameter
in the range 3 mm to 6 mm, over a spatial frequency range of 0 to 30 cycies/degree
inclusive and at a wavelength selected from within the range 540 nm to 590 nm inclusive.

(D2) A lens for an eye, the lens having at least one optical axis and at least one optical profile
substantially about at least one optical axis, the optical profile comprising: at least one
focal distance; and one or more higher order aberrations, wherein the optical profile
provideé for: a model eye with no aberrations and an on-axis length equal to the desired
focal distance; a retinal image quality (RIQ) with a through focus slope that degrades in a

. direction of eye growth; and a RIQ of at least 0.3; and wherein the RIQ is measured along

the optical axis for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial
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frequency range of 0 to 30 cycles/degree inclusive and at a wavelength selected from
within the range 540 nm to 590 nm inclusive.

A lens for an eye, the lens having ‘an optical axis and at least one optical profile
substantially about the optical axis the optical profile comprising: at least one focal
distance; and one or more higher order aberrations, wherein the optical profile bpmvides |
for: a model eye with substantially no aberrations and an on-axis length equal to, or
substantially equal to, the desired focal distance; a retinal image quality (RIQ) with a
through focus slope that improves in a direction of eye growth; and a RIQ of at least 0.3;

and wherein the RIQ is measured along the optical axis for at least one pupil diameter

. .
m ﬂ-\p range 1 mm tn A mm nuvar a or\nhnl frnhnnnnu ranoco I\‘P n tn Qn ntrn]nc/l‘nnrno
A1l WAV lGIp/W o RIMKL WV U LRl VYW G OpPGHIGE LIVYUVILAV]Y  LGRIEV Vi VWU JUV vy vivo vl v

inclusive and at a wavelength selected from within the range 540 nm to 590 nm inclusive.
A lens for an eye, the lens having an optical axis and an aberration profile about the optical
axis the aberration profile comprising: a focal distance; and higher order aberrations having
at least one of a primary spherical aberration component C(4,0) and a secondary spherical
aberration componeni C(6,0), wherein the aberration‘proﬂie provides for: a model eye with
no aberrations, or substantially no aberrations, and an on-aXis length equal to the focal
distance: a retinal image quality (RIQ) with a through focus slope that degrades in a
direction of eye growth; and a RIQ of at least 0.3; wherein the RIQ is Visual Strehl Ratio
measured substantially along the optical axis for at least one pupil diémeter in the range 3
mm td 6 mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive and at a
wavelength selected from within the range 540 nm to 590 nm inciusive;

A lens for an eye, the lens having an optical axis and an aberration profile about the optical
axis the aberration profile comprising: a focal distance; and higher order aberrations having
at least one of a primary spherical aberration component C(4,0) and a secondary spherical
aberration component C(6,0), wherein the aberration profile provides for: a mbdel eye with
no aberrations and an on-axis length equal to the focal distance; a retinal image quality
(RIQ) with a through focus slope that degrades in a direction of eye growth; and a RIQ of
at least 0.3; wherein the RIQ is Visual Strehl Ratio measured substantially along the
optical axis for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial
frequency range of 0 to 30 cycles/degree inclusive and at a wavelength selected from
within the range 540 nm to 590 nm inclusive.

A lens for an eye, the lens having an optical axis and at least one optical profile

substantially about the optical axis the optical profile comprising: at least one focal
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distance; and one or more higher order aberrations, wherein the optical profile provides
for: a model eye with substantially no aberrations an on-axis length equal to, or
substantially equal to, the desired focal distance; a retinal image quality (RIQ) with a
through focus slope that improves in a direction of eye growth; and a RIQ of at least 0.3;
and wherein the RIQ is Visual Strehl Ratio measured substant ntially along the optical axis
for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial frequency range
of 0 to 30 cycles/degree inclusive and at a wavelength selected from within the range 540

nm to 590 nm inclusive.

D7) A lens for an eye, the lens having an optical axis and an aberration profile about the optical
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at least one of a primary spherical aberration component C(4,0) and a secondary spherical

aberration component C(6,0), wherein the aberration profile provides for: a model eye with
no aberrations, or substantially no aberrations, and an on-axis length equal to the focal
distance: a retinal image quality (RIQ) with a through focus slope that improves in a
direciion of eye growih; and a RiQ of at least 0.3; wherein the RIQ is Visual Strehi Ratio
measured substantially along the optical axis for at least one pupil diameter in the range 3
mm fo 6 mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive and at a

wavelength selected from within the range 540 nm to 590 nm inclusive.

(D8) A lens for an eye, the lens having an optical axis and a surface structure, wherein the

- surface structure 1s contigured to generate an aberration profile about the optical axis, the

aberration profile comprising: a focal distance; and higher order aberrations having at least
one of a primary spherical aberration component C(4,0) and a secondary spherjcal
aberration cdmponent C(6,0),wherein the aberration profile provides, for a model eye with
no aberrations, or substantially no aberrations, and an on-axis length equal to the focal
distance: a retinal image quality (RIQ) with a through focus slope that improves in a
direction of eye growth; and  a RIQ of at least 0.3; wherein the RIQ is Visual Strehl
Ratio measured substantially along the optical axis for at least one pupil diameter in the
range 3 mm to 6 mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive and

at a wavelength selected from within the range 540 nm to 590 nm inclusive.

(D9) A lens for an eye, the lens havirig an optical axis and at least one optical profile

substantially about the optical axis, the optical profile comprising: at least one focal

~ distance; and one or more higher order aberrations, wherein the optical profile provides,

for a model eye with substantially no aberrations an on-axis length equal to, or
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substantially equal to, the desired focal distance; a retinal image quality (RIQ) with a’
through focus slope that improves in a direction of eye growth; and a RIQ of at least 0.3;
wherein said RIQ is measured substantially along the optical axis for at least one pupil.

(D10) The lens of one or more D examples, wherein the single-vision lens is one or more of the
following: prescribed, appropriately prescribed, correctly prescribed and effectively
prescribed.

(D11) The lens of one or more D examples, wherein the single-vision lens is a lens with a
substantially constant power across a substantial portion of an optic zone of the single-
vision lens.

f one or morc D cxamples, wherein the single-vision
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constant power across a portion of an optic zone of the single-vision lens.

(D13) The lens of one or more D examples, wherein the single-vision lens is a lens with a
substantially constant power across a portion of one or more optic zones of the single-
vision lens. |

(D14) The lens of one or more D examples, wherein the lens is used for a presbyopic eye.

(D15) The lens of one or more D examples, wherein the lens is configured for a presbyopic eye.

| (D16) The lens of one or more D examples, wherein the lens is configured to optically correct or

substantially correct presbyopia.

(D17) The lens of one or more D examples, wherein the lens is configured to mitigate or
substantially mitigate the optical consequences of presbyopia.

(D18) The lens of one or more D examples, wherein the lens is configured to alter or
substantially alter a presbyopic condition to a non-presbyopic condition.

(D19) The lens of one or more D examples, Wherein the lens is used for at least correcting a
presbyopic eye condition and when used provides an appropriate correction to adjust the
vision of the user towards substantially normal non-presbyopic vision. |

(D20) The lens of one or more D examples, wherein normal vision is 6/6 or better.

(D21) The lens of one or more D examples, wherein the lens is further characterised by
minimal, substantially no or no, ghosting at near, intermediate and far distances.

(D22) The lens of one or more D examples, wherein the lens is further characterised by
minimal, substantially no or no, ghosting at near distances, intermediate distances and far
distances. _ _ |

(D23) The lens of one or more D examples, wherein the lens is further configured to provide

minimal, substantially no or no, ghosting at near, intermediate and far distances.
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(D24) The lens of one or more D examples, wherein the minimal ghosting is a lack of an
undesired secondary image appearing at the image plane of the optical system.
(D25) The lens of one or more D examples, wherein the minimal ghosting is a lack of an

undesired secondary image appearing on the retina of the eye.

(D26) The lens of one or more D examples, wherein the minimal ghosting is a lack of an

undesired double image appearing on the retina of the eye.

(D27) The lens of one or more D examples, wherein the minimal ghosting is a lack of false out-
of-focus image appearing along side of the primary image in an optical system.

(D28) The lens of one or more D examples, wherein the‘ lens is further configured to provide a
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(D29) The lens of one or more D examples, wherein the lens is further configured to provide a
sufficient lack of ghosting at near distances, intermediate distances and far distances.

(D30) The lens of one or more D examples, wherein the lens is further configured to provide a
sufficient lack of ghosting in a portion va two or more of the following: near, intermediate
and far distances.

(D31) The lens of one or more D examples, wherein lack of ghosting is lack of undesired image
appearing at the image plane of the optical system.

(D32) The lens of one or more D examples, wherein lack of ghosting is a lack of false out of
focus images appearing along side of the primary image in an optical system.

(D33) The lens of one or more D examples, wherein the lens is further configured to provide a
sufficient lack of ghosting in a portion of two or more of the following: near distances, »
intermediate distances and far distances.

(D34) The lens of one or more D examples, wherein the lens is further configured to provide the
RIQ of at least 0.1, 0.13, 0.17, 0.2, 0.225, or 0.25 in the near distance range, the RIQ of at
least 0.27, 0.3, 0.33, 0.35, 0.37 or 0.4 in the intermediate distance range and the RIQ of at
least 0.35, 0.37, 0.4, 0.42, 0.45, 0.47, or 0.5 in the far distance range.

(D35) The lens of one or more D examples, wherein the lens is further configured to provide
two or more of the following: the RIQ of at least 0.1, 0.13, 0.17, 0.2, 0.225, or 0.25 in the
near distance range, the .RIQ of at least 0.27, 0.3, 0.33, 0.35, 0.37 or 0.4 in the intermediate
distance range and the RIQ of at least 0.35, 0.37, 0.4, 0.42, 0.45, 0.47, or 0.5 in the far

distance range.
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(D36) The lens of one or more D examples, wherein the RIQs are selected in the near,
intermediate and far distance ranges such that the lens is configured to provide minimal, or
no, ghosting in near, intermediate and far distances.

(D37) The lens of one or more D examples, wherein the lens is configured to substantially
eliminate, or substantially reduce, ghosting at near, intermediate and far distances.

(D38) The lens of one or more D examples, wherein the lens is configured to substantially
eliminate, or substantially reduce, ghosting at near distances, intermediate distances and far
distances. ‘

(D39) The lens of one or more D examples, wherein near distance is the range of 33 cm to 50
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cm or 40 ¢cm to 50 cm; intermediate distance is the range
cm or 50 cm to 70 cm; and far distance is the range of .1 00 cm or greater, 80 cm or greater
or 70 cm or greater. ' '
(D40) The lens of one or more D examples, wherein near distance is the range of 33 cm to 50
cm or 40 cm to 50 cm,; intermediate distance is the range of 50 cm to 100 cm, 50 ¢m to 80

£1n
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cim or 50 cm-io 1€ range of 100 cm or greater, 80 cm or greater

or 70 cm or greater and the near, intermediate and far dlstances are determined by the
distance from the object being focused on.

(D41) The lens of 6ne or more D examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm or greater.

(D42) The lens of one or more D examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm or greater and the near, intermediate and far distances are determined by the
distance from the object being focused on.

(D43) The lens of one or more D examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm to optical infinity. |

(D44) The lens of one or more D examples, wherein near distance is the range of 40 cm to 50
cm,; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm to optical infinity and the near, intermediate and far distances are determined by
the distance from the object being focused on.

(D45) The lens of one or more D examples, wherein the lens is configured to minimize, or

reduce, ghosting at near, intermediate and far distances when used on an eye.
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(D46) The lens of one or more D examples, wherein the lens is configured to minimize, or
reduce, ghosting at near distances, intermediate distances and far distances when used on
an eye. |

(D47) The lens of one or more D examples, wherein the range of substantially continuous
distances is continuous.

(D48) The lens of one or more D examples, wherein the range of substantially continuous
distances is continuous and goes from 40 cm to optical infinity.

(D49) The lens of one or more D examples, wherein the range of substantially continuous
distances is from 33 cm to optical infinity. |

(DS0) The lens of one or more D examples, wherein the lens is confi _ v

40%, 50%, 60% or 70% of a randomly selected group of 15 affected individuals in the near

distances, intermediate distances and far distances perceive minimal, or no, ghosting at

near distances, intermediate distances and far distances.

(DS1) The lens of one or more D examples, wherein the lens is configured such that at least

a randoinly selected group of 15 affecied individuals in the
intermediate distances and far distances perceive minimal, or no, ghosting at intermediate
distahces and far distances.

(D52) The lens of one or more D examples, wherein the single vision lens provides a visual
acuity for the user of one or more of the following: at least 20/20, at least 20/30, at least
20/40, at least about 20/20, at least about 20/30 and at least about 20/40, at far visual
distances. ,

(D53) The lens of one or more D examples, wherein the aberration profile is comprised of a
defocus term and at least two, two or more, three, three or more, four, four or more, five,
five or more, six, six or more, seven, seven or more, eight, eight or more, nine, nine or
more, ten, or ten or more spherical aberration terms.

(D54) The lens of one or more D examples, wherein the aberration profile is comprised of a
defocus term and at least two, three, four, five, six, seven, eight, nine, or at least ten
spherical aberration terms. |

(D55) The lens of one or more D examples, wherein the aberration profile is comprised of a
defocus term and spherical aberration terms between C(4,0) and C(6,0), C(4,0) and C(8,0),
C(4,0) and C(10,0), C(4,0) and C(12,0), C(4,0) and C(14,0), C(4,0) and C(16,0), C(4,0)
and C(18,0), or C(4,0) and C(20,0).
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(D56) The lens of one or more D examples, wherein the single vision lens provides a visual
‘acuity that is the best-corrected visual acuity.

(D57) The lens of one or more D examples, wherein the best-corrected visual acuity is a visual
acuity that cannot be substantially improved by further manipulating the power of the

single vision lens.

(D58) The lens of one or more D examples, wherein the lens has two optical surfaces.

(D59) The lens of one or more D examples, wherein the least one aberration profile is along the
optical axis of the lens.

(D60) The lens of one or more D examples, wherein the lens has a focal distance.
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aberrations having at least one of a primary spherical aberration component C(4,0) and a
secondary spherical aberration component'C(6,0). |

(D62) The lens of one or more D examples, wherein the focal distance is a prescription focal
distance for a myopic, hyperopic, astigmatic, and/or presbyopic eye and wherein the focal
distance differs from the focal distance for a C(2,0) Zernike coefficient of the aberration
profile.

(D63) The lens of one or more D examples, wherein the higher order aberrations include at least
two spherical aberration terms selected from the group C(4,0) to C(20,0).

(D64) The lens of one or more D examples, wherein the higher order aberrations include at least
three spherical aberration terms selected from the group C(4,0) to C(20,0).

(D65) The lens of one or more D examples, wherein the higher order aberrations include at least
five sphérical aberration terms selected from the group C(4,0) to C(20,0).

(D66) The lens of one or more D examples, wherein the average slope over a horizontal field of
at least -20° to +20° degrades in a direction of eye growth.

(D67) The lens of one or more D examples, wherein the minimal ‘ghosting is a lack of an
undesired secondary image appearing at the image plane of the optical system.

(D68) The lens of one or more D examples, wherein the minimal ghosting is a lack of an

~ undesired secondary image appearing on the retina of the eye. .

(D69) The lens of one or more D examples, wherein the minimal ghosting is a lack of an
undesired double image appearing on the retina of the eye.

(D70) The lens of one or more D examples, wherein the minimal ghosting is a lack of false out-

of-focus image appearing along side of the primary image in an optical system.

.
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(D71) The lens of one or more D examples, wherein the average slope over a horizontal field of
at least -20° to +20° improves in a direction of eye growth.
(D72) The lens of one or more D examples, wherein the average slope over a vertical field of at

least -20° to +20° degrades in a direction of eye growth.

(D73) The lens of one or more D ex
least -20° to +20° improves in a direction of eye growth.

(D74) The lens of one or more D examples, wherein the slope for a substantial portion of the
field angles over a horizontal field of at least -20° to +20° degrades in a direction of eye
growth.

(D75) The iens of one or more D exampies, wherein the substantiai portion of the fieid angies
over a horizontal field is at least 75%, 85%, 95% or 99% of the field angles.

(D76) The lens of one or more D examples, wherein the substantial portion of the field angles
over a horizontal field is every field angle. |

(D77) The lens of one or more D examples, wherein the slope for a substantial portion of the
field angles over a vertical field of at least -20° to +20° degrades in a direction of eye
growth. |

(D78) The lens of one or more D examples, wherein the substantial portion of the field angles

* over a vertical field is every angle.

(D79) The lens of one or more D examples, wherein the substantial portion of the field angles
over a vertical field is at least 75%, 85%, 95% or 99% of the field angles.

(D80) The lens of one or more D examples, wherein the aberration profile provides the RIQ of
at least 0.3 at the focal length for a substantial portion of pupil diameters in the range 3 mm
to 6 mm. ' |

(D81) The lens of one or more D examples, wherein the aberration profile provides the RIQ of
at least 0.3 at the focal length for a substantial portioh of pupil diameters in the range 4 mm
to S mm

(D82) The lens of one or more D examples, wherein the aberration profile provides the RIQ
with a through foc;us slope that degrades in 2111 direction of eye growth when primary or
secondary astigmatism is added to the aberration profile.

(D83) The lens of one or more D examples, wherein the aberration profile provides the RIQ
with a through focus slope that improves in a direction of eye growth when primary or .

secondary astigmatism is added to the aberration profile.
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(D84) The lens of one or more D examples, wherein the primary or secondary astigmatism is
added to the desired aberration profile by altering one or more of the following terms:
C(2,-2), C(2,2), C(4,-2), C(4,2), C(6,-2), and/or C(6,2).

| (D85) The lens of one or more D examples, wherein the aberration profile provides the RIQ

ades in a direction of eye growth when secondary

5 with a through focus slope that degrades in a dir
astigmatism is added to the aberration profile.

(D86) The lens of one or more D examples, wherein the secondary astigmatism is added to the
desired aberration profile by altering one or more of the following terms: C(2,-2), C(2,2),

C(4,-2), C(4,2), C(6,-2), and/or C(6,2).

[Ty
D
~_
<
Qo

[ S (x, ) = (((FPOFT {A(p,8) » exp [222 + wi(,0) ]} 1200)

RIQ = +h:: 2mi )
I tmin. CSF(x3) * (((FT(IFT {A(p,8) * exp [~ * Wdiff(p,0) |{ 7))
Foin ‘1 >
wherein:

Fmin is 0 cycles/degree and Fmax is 30 cycles/degree;
CSF{(x, y) denotes the contrast sensitivity function, "
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FT denotes a 2D fast Fourier transform;
A(p,8) denotes the pupil diameter;

W(p,6) denotes wavefront phase of the test case measured for i=1 to 20

k
lfV(p,B) = agz,-(p.ﬁ)
Wdiff(p, 8) denotes wavefront phase of the diffraction limited case;

p and 6 are normalised polar coordinates, where p represents the radial coordinate and 8

represents the angular coordinate or azimuth; and
A denotes wavelength.
25 (D88) The lens of one or more D examples, wherein the lens includes an optical axis and an

__aberration profile along the optical axis.that provides: a focal distance-for a-€(2,0)- Zernike ———
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coefficient term; a peak Visual ‘Strehl Ratio (‘first Visual Strehl Ratio’) within a through
focQs range, and a Visual Strehl Ratio that remains at or above a second Visual Strehl
Ratio over the through focus range that includes said focal distance, wherein the Visual
Strehl Ratio is measured for a model eye with no, or sﬁbstantially no, aberration and is
measured along the optical axis for at least one pupil diameter in the range 3 mm to 5 mm,
over a spatial frequency range of 0 to 30 cycles/degree inclusive, at a wavelength selected
from within the range 540 nm to 590 nm ihclusive, and wherein the first Visual Strehl
Ratio is at least 0.35, the second Visual Strehl Ratio is at least 0.1 and the through focus
range is at least 1.8 Dioptres. ‘ ' |

(DR9) The lens of one or more D examples, wherein the lens includes an optical axis
aberration profile along the optical axis that provides: a focal distance for a C(2,0) Zernike
coefficient term; a peak Visual Strehl Ratio (‘first Visual Strehl Ratio’) within a through
focus range, and a Visual Strehl Ratio that remains at or above a second Visual Strehl

Ratio over the through focus range that includes said focal distance, wherein the Visual
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erration and is measured along the
optical axis for at least one pupil diameter in the range 3 mm to 5 mm, over a spatial
frequency range of 0 to 30 cycles/degree inclusive, at a wavelength’selecte‘d from within
the range 540 nm to 590 nm incfusive, and wherein the first Visual Strehl Ratio is at least
0.35, the second Visual Strehl Ratio is at least 0.1 and the through focus range is at least
1.8 Dioptres.

(D90) The lens of one or more D examples, wherein the first Visual Strehl Ratio is at least 0.3,
0.35,0.4,0.5,0.6,0.7 or 0.8.

(D91) The lens of one or more D examples, wherein the second Visual Strehl Ratio is at least
0.1,0.12,0.15, 0.18 or 0.2. 7

(D92) The lens of one or more D examples wherein the through focus range is at least 1.7, l 8,
1.9,2, 2.1, 2.25 or 2.5 Dioptres.

(D93) The lens of one or more D examples, wherein the lens has a prescription focal distance
located within 0.75, 0.5, 0.3, or 0.25 Dioptres, inclusive, of an end of the through focus
range. |

(D94) The lens of one or more D examples, wherein the end of the through focus range is the
negative power end. |

(D95) The lens of one or more D examples, wherein the end of the through focus range is the

positive power end.
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(D96) The lens of one or more D examples, wherein the Visual Strehl Ratio remains at or above
the second Visual Strehl Ratio over the through focus range and over a range of pupil
diameters of at least 1 mm, 1.5 mm, 2 mm, 2.5 mm, or 3 mm.

(D97) The lens.of one or more D examples, wherein the combination of higher order aberrations
includes at least one of primary spherical aberration and secondary spherical aberration.

(D98) The lens of one or more D examples, wherein the higher order aberrations include at least
two, three, or five spherical aberration terms selected from the group C(4,0) to C(20,0).

(D99) The lens of one or more D examples, wherein the aberration profile is substantially

charactered using only spherical aberration Zernike coefficients C(4,0) to C(20,0).

(D100) The lens of one or more D examples, wherein the RIQ for a substantial portior
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of the
angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to +30° is at
least 0.4. | |

(D101) The lens of one or more D examples, wherein the RIQ for a substantial portion of the
angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to +30° is at
jeast 0.35. ‘ _

(D102) The lens of one or more D examples, wherein the RIQ for a substantia_l pbrtion of the
angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to +30° is at
least 0.3. |

(D103) The lens of one or more D examples, wherein the lens is one or more of the following:
contact lens, corneal onlays, corneal inlays, anterior chamber intraocular lens or posterior
chamber intraocular lens.

(D104) The lens of one or more D examples, wherein the lens is one of the following: contact
lens, corneal onlays, corneal inlays, anterior chamber intraocular lens or posterior chamber
intraocular lens. . |

(D105) The lens of one or more D examples, wherein a first lens is provided based on one or
more of the D examples and a second lens is provided based on one or more of the D
examples to form a pair of lenses. _

(D106) The lens of one or more D examples, wherein the first lens is provided based on one or
more of the D examples and a second lens is provided to form a pair of lenses.

(D107) The lens of one or more D examples, wherein a pair of lenses are provided for use by an
individual to substantially éorrect the individual’s vision.

(D108) A method for making or using one or more of the lenses of one or more D examples.
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(D109) The lens of one or more D examples, wherein the lens does not substantially reduce the

amount of light passing through the lens.

_ (D110) The lens of one or more D examples, wherein the amount of light passing through the

lens is at least 80%, 85%, 90%, 95% or 99%.

Example set E:

(ED)

A lens for an eye, the lens comprising: an optical axis; an aberration profile about the
optical axis and having a focal distance; and at least two optical surfaces; and wherein the
lens’s optical propertics can be characterised upon testing by at least the following
properties: two or more higher order aberrations having one or more of the following
components: a primary spherical aberration C(4,0), a secondary spherical aberration

C(6,0), a tertiary spherical aberration C(8,0), a quaternary spherical aberration C(10,0), a

- pentanary spherical aberration C(12,0), a hexanary spherical aberration C(14,0), a

heptanary spherical aberration C(16,0), anvoctanary spherical aberration C(18,0) and a
nanonary spherical aberration C(20,0); the aberration profile when tested on a model eye
with no, or substantially no, aberrations and having an on-axis length equal, or
substantially equal, to the focal distance, results in a retinal image quality (RIQ) with a
through focus slope so that the RIQ decreases in a direction of eye growth, where the RIQ
is determined by a Visual Strehl Ratio that is measured substantially along the optical axis;
and the RIQ is measured for a model eye with no, or substantially no, aberration and is
measured along the optical axis for at least one pupil diameter in the range 3 mm to S mm,
over a spatial frequency range of 0 to 30 cycles/degree inclusive, at a wavelength selected

from within the range 540 nm to 590 nm inclusive.

>
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optical axis and having a focal distance; and at least two optical surfaces; and wherein the
lens’s optical properties can be characterised upon testing by at least the following
properties: two or more higher order aberrations having one or more of the following
components: a primary spherical aberration C(4,0), a secondary spherical aberration
C(6,0), a tertiary spherical aberration C(8,0), a quaternary spherical
pentanary spherical aberration C(12,0), a hexanary spherical aberration C(14,0), a
heptanary spherical aberration C(16,0), an octanary spherical aberration C(18,0) and a

nanonary spherical aberration C(20,0); the aberration profile when tested on a model eye
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with no aberrations and having an on-axis length equal to the focal distance, results in a
retinal image quality (RIQ) with a through focus slope so that the RIQ decreases in a
direction of eye growth, where the RIQ is determined by a Visual Strehl Ratio that is
measured along the optical axis; and the RIQ is measured for a model eye with no
aberrations and is measured along the optical axis for at least one pupil diameter in the
range 3 mm to S mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive, at a
wavelength selected from within the range 540 nm to 590 nm inclusive.

A lens for an eye, the lens comprising: an optical axis; an aberration profile about the
optical axis and having a focal distance; and at least two optical surfaces; and wherein the
lens’s o
properties: two or more higher order aberrations having one or more of the following
components: a primary spherical aberration C(4,0), a secondary spherical aberration
C(6,0), a tertiary spherical aberration C(8,0), a quaternary spherical aberration C(10,0), a
pentanary spherical aberrétion C(12,0), a hexanary spheriéal aberration C(14,0), a

mammaem s et 0 - 2 RSP,

heptanary spherical aberration C{16,0), an octanary spherical aberration C(18,0) and a
nanonary spherical aberration C(20,0); the aberration profile when tesied on a model eye
with no aberrations and having an on-axis length equal to the focal distance, results in a
retinal image quality (RIQ) with a through focus slope so that the RIQ increases in a
direction of eye growth, where the RIQ is determined by a Visual Strehl Ratio that is
measured along the optical axis; and the RIQ is measured for a model eye with no
aberrations and is measured along the optical axis for at least one pupil diameter in the
range 3 mm to S mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive, at a
wavelength selected from within the range 540 nm to 590 nm inclusive.

A lens for an eye, the lens comprising: an optical axis; an aberration profile about thé
optical axis and having a focal distance; and at least two optical surfaces; and wherein the
lens’s optical properties can be characterised upon testing by at least the following
properties: two or more higher order aberrations having one or more of the following
components: a primary spherical aberration C(4,0), a secondary spherical aberration
C(6,0), a tertiary spherical aberration C(8,0), a quaternary spherical aberration C(10,0), a
pentanary spherical aberration C(12,0), a hexanary spherical aberration C(14,0), a
heptanary spherical aberration C(16,0), an octanary spherical aberration C(18,0) and a
nanonary spherical aberration C(20,0); the aberration profile when tested on a model eye

with no, or substantially no, aberrations and having an on-axis length equal, or
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substantially equal, to the focal distance, results in a retinal image quality (RIQ) with a
through focus slope so that the RIQ increases in a direction of eye growth, where the RIQ
is determined by a Visual Strehl Ratio that is measured substantially along-fhe optical axis;
and the RIQ is measured for a model eye with no,' or substantially no, aberration and is
measured along the optical aXis for at least one pupil diameter in the range 3 mm to 5 mm,
over a spatial frequency range of 0 to 30 cycles/degree inclusive, at a wavelength selected
from within the range 540 nm to 590 nm inclusive.

A lens for an eye, the lens comprising: an optical axis; an aberration profile about the

optical axis and having a focal distance; and at least two optical surfaces; and wherein the

lens’s optical properties can be characterised upon testin
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properties: two or more higher order aberrations having one or-more of the following
components: a primary spherical aberration C(4,0), a secondary spherical aberration
C(6,0), a tertiary spherical aberration C(8,0), a quaternary spherical aberration C(10,0), a

pentanary spherical aberration C(12,0), a hexanary spherical aberration C(14,0), a |
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heptanary spherical aberration C(16,0), an octanary spherical
nanonary spherical aberration C(20,0); the aberration profile when tested on a model eye
with no, or substantially no, aberrations and having an on-axis length equal, or
substantially equal, to the focal distance, results in a through focus RIQ, within the through
focus range, a first RIQ which is a peak RIQ and that remains at or above a second RIQ
over the through focus range that inciudes the focai distance; and the first and second RiQs
are measured for a model eye with no, or substantially no, aberration and is measured

along the optical axis for at least one pupil diameter in the range 3 mm to 5 mm, over a

~ spatial frequency range of 0 to 30 cycles/degree inclusive, at a wavelength selected from

(E6)

within the range 540 nm to 590 nm inclusive. . _

A lens for an eye, the lens comprising: an bptical axis; an aberration profile about the
optical axis and 'hav;mg a focal distance; and at least two optical surfaces; and wherein the
lens’s optical properties can be characterised upon testing by at least the following
properties: two or more higher order aberrations having one or more of the following
components: a primary spherical aberration C(4,0), a secondary spherical aberration
C(6,0), a tertiary spherical aberration C(8,0), a quaternary spherical aberration C(10,0), a
pentanary spherical aberration C(12,0), a hexanary spherical aberration C(14,0), a
heptanary spherical aberration C(16, 0) an octanary spherical aberration C(18,0) and a

nanonary sphencal aberration C(20,0); the aberratxon proﬁle when tested on a model eye
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with no aberrations and having an on-axis length equal to the focal distance, results in a
through focus RIQ, within the through focus range, a first RIQ which is a peak RIQ and
that remains at or above a second RIQ over the through focus range that includes the focal
distance; and the first and second RIQs are measured for a mode.l eye with né aberration
and is measured aléng the optical axis for at least one pupil diameter in the range 3 mm bto
5 mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive, at a wavelength
selected from within the range 540 nm to 590 nm inclusive.

(E7) The lens of one or more E examples, wherein the single-vision lens is one or more of the

following: prescribed, appropriately prescribed, correctly prescribed and effectively

pre cecrihed
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(E8) The lens of one or more E examples, wherein the lens does not substantially reduce the

amount of light passing through the lens.

(E9) The lens of one or more E examples, wherein the amount of light passing through the lens

is at least 80%, 85%, 90%, 95% or 99%.
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of one or moie E exampies, lens is a lens with a
substantially constant power across a substantial portion of an optic zone of the single-
vision lens.

(E11) The lens of one or more E examples, wherein the single-vision lens is a lens with a
constant power across a portion of an optic zone of the single-vision lens.

(E12) The Iens of one or more E exampies, wherein the singie-vision lens is a lens with a
substantially constant power across a portion of one or more optic zones of the single-
vision lens.

(E13) The lens of one or more E examples, wherein the lens is further characterised by minimal,
substantially no or no, ghosting at near, intermediate and far distances.

(E14) The lens of one or more E examples, wherein the lens is further characterised by minimal,
substantially no or no, ghosting at near distances, intermediate distances and far distances.

(E15) The lens c;f one or more E examples, wherein the lens is further configured to provide
minimal, substantially no or no, ghosting at near, intermediate and far distances.

(Elé) The lens of one or more E examples, wherein the minimal ghosting is a lack of an
undesired secondary image appearing at the image plane of the optical system.

(E17) The lens of one or more E examples, wherein the minimal ghosting is a lack of an

undesired secondary image appearing on the retina of the eye.
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(E18) The lens of one or more E examples, wherein the minimal ghosting is a lack of an
undesired double image appearing on the retina of the eye. |

(E19) The lens of one or more E examples, wherein the minimal ghosting is a lack of false out-
of-focus image appearing along side of the primary image in an optical system.

(E20) The lens of one or more E examples, wherein the lens is further configured to provide a
sufficient lack of ghosting in a portion of near, intermediate and far distances.

(E21) The lens of one or more E examples, wherein the lens is further configured to provide a
sufficient lack of ghosting at near distances, intermediate distances and far distances.

(E22) The lens of one or more E examples, wherein the lens is further configured to provide a

sufficient lack of ghosting in a portion of two or more of the following:
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and far distances. ‘

(E23) The lens of one or more E examples, wherein lack of ghosting is lack of undesired image
appearing at the image plane of the optical system.

(E24) The lens of one or more E examples, wherein lack of ghosting is a lack of false out of
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(E25) The lens of one or more E

sufficient lack of ghosting in a portion of two or more of the following: near distances,
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xamples, wherein the lens is further configured to provide a

intermediate distances and far distances.

(E26) The lens of one or more E examples, wherein the lens is further configured to provide the
RIQ of at 1ea§t 0.1, 0.13, 0.17, 0.2, 0.225, of 0.25 in the near distance range, the RIQ'of at
least 0.27, 0.3, 0.33, 0.35, 0.37 or 0.4 in the intermediate distance range and the RIQ of at
least 0.35, 0.37, 0.4,_ 0.42,0.45, 0.47, or 0.5 in the far distance range.

(E27) The lens of one or more E examples, wherein the lens is further configured to provide two
or more of the following: the RIQ of at least 0.1, 0.13, 0.17, 0.2; 0.225, or 0.25 in the near
distance range, the RIQ of at least 0.27, 0.3, 0.33, 0.35, 0.37 or 0.4 in the intermediate
distance range and the RIQ of at least 0.35, 0.37, 0.4, 0.42, 0.45, 0.47, or 0.5 in the far
distance range. ,

(E28) The lens of one or more E examples, wherein the RIQs are selected in the near,
intermediate and far distance ranges such that the lens is configured to provide minimal, or
no, ghosting in near, intermediate and far distances.

(E29) The lens of one or more E examples, wherein the lens is configured to substantially

eliminate, or substantially reduce, ghosting at near, intermediate and far distances.
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(E30) The lens of one or more E examples, wherein the lens is configured to substantially
eliminate, or substantially reduce, ghosting at near distances, intermediate distances and far
distances.

(E31) The lens of one or more E examples, wherein near distance is the range of 33 cm to 50 cm

or 40 cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm, 50 cm to 80 cm

or 50 cm to 70 cm; and far distance is the range of 100 cm or greater, 80 cm or greater or
70 cm or greater.
(E32) The lens of one or more E examples, wherein near distance is the range of 33 ¢cm to 50 cm

or 40 cm to 50 cm; intermediate distance is the range of 50 cm to 100 ¢cm, 50 cm to 80 cm

70 cm or greater and the near, intermediate and far distances are determine
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distance from the object being focused on.

(E33) The lens of one or more E examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm or grea

(E34) The lens of one or more E examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm or greater and the near, intermediate and far distances are determined by the
distance from the object being focused on.

(E35) The iens of one or more E examples, wherein near distance is the range of 40 cm to 50
cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of
100 cm to optical infinity.

(E36) The lens of one or more E examples, wherein near distance is the range of 40 cm to 50

cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the range of '

100 cm to optical infinity and the near, intermediate and far distances are determined by
the distance from the object being focused on.

(E37) The lens of one or more E examples, wherein the lens is configured to minimize, or
reduce, ghosting at near, intermediate and far distances when used on an eye.

(E38) The lens of one or more E examples, wherein the lens is configured to minimize, or
reduce, ghosting at near distances, intermediate distances and far distances when used on
an eye.

(E39) The lens of one or more E examples, wherein the range of substantially continuous
distances is continuous. | 7
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(E40) The lens of one or more E examples, wherein the range of substantially continuous
distances is continuous and goes from 40 cm to optical infinity.
(E41) The lens of one or more E examples, wherein the range of substantially continuous
distances is from 33 cm to optical infinity. V
(E42) The lens of one or more E examples, wherein the lens is configured such that at least 40%,
- 50%, 60% or 70% of a randomly selected group of 15 affected individuals in the near
distances, intermediate distances and far distances perceive minimal, or no, ghosting at
near distances, intermediate distances and far distances.
(E43) The lens of one or more E examples, wherein the lens is configured such that at least 60%,
70%, 80% or 90% of a randomly selected group of 15 affected individuals in the

intermediate distances and far distances perceive minimal, or no, ghosting at intermediate

distances and far distances.

- (E44) The lens of one or more E examples, wherein the single vision lens provides> a visual

acuity for the user of one or more of the following: at least 20/20, at least 20/30, at least
20/40, at least abou
distances.

(E45) The lens of one or more E examples, wherein the aberration profile is comprised of a
defocus term and at least two, two or more, three, three or more, four, four or more, five,
five or more, six, six or more, seven, seven or more, eight, eight or more, nine, nine or
more, ten, or ten or more spherical aberration terms.

(E46) The lens of one or more E examples, wherein the aberration profile is comprised of a
defocus term and at least two, three, four, five, six,‘ seven, eight, nine, or at least ten
spherical aberration terms.

(E47) The lens of one or more E examples, wherein the aberration profile is comprised of a
defocus term and spherical aberration terms between C(4,0) and C(6,0), C(4,0) and C(8,0),
C(4,0) and C(10,0), C(4,0) and C(12,0), C(4,0) and C(14,0), C(4,0) and C(16,0), C(4,0)
and C(18,0), or C(4,0) and C(20,0).

- (E48) The lens of one or more E examples, wherein the single vision lens provides a visual

acuity that is the best-corrected visual acuity. 4
(E49) The lens of one or more E examples, wherein the best-corrected visual acuity is a visual
acuity that cannot be substantially improved by further manipulating the power of the

single vision lens.

(E50) The lens of one or more E examples, wherein the lens has two optical surfaces.
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(ES51) The lens of one or more E examples, wherein the least one aberration profile is along the
optical axis of the lens.

(E52) The lens of one or more E examples, wherein the lens has a focal distance.

(E53) The lens of one or more E examples, wherein the aberration profile includes higher order
aberrations having at least one of a primary spherical aberration component C(4,0) and a
secondary spherical aberration component C(6,0). |

(E54) The lens of one or more E examples, wherein the focal distance is a prescription focal
distance for a myopic, hyperopic, astigmatic, and/or presbyopic eye and wherein the focal
distance differs from the focal distance for a C(2,0) Zernike coefficient of the aberration
profile.

(E55) The lens of one or more E examples, wherein the Highef order aberrations include at least
two spherical aberration terms selected from the group C(4,0) to C(20,0).

(E56) The lens of one or more E examples, wherein the higher order aberrations include at least
three spherical aberration terms selected from the group C(4,0) to C(20,0).

{(E57) The lens of one or moie E examples, wherein the higher oider aberrations include at least
five spherical aberration terms selected from the group C(4,0) to C(20,0).

(ES58) The lens of one or more E examples, wherein the average slope over a horizontal field of

at least -20° to +20° degrades in a direction of eye growth.

'(E59) The lens of one or more E examples, wherein the average slope over a horizontal field of

at least -20° to +20° improves in a direction of eye growth.

(E60) The lens of one or more E examples, wherein the average slope over a vertical field of at
least -20° to +20° degrades in a direction of eye growth.

(E61) The lens of one or more E examples, wherein the average slope over a vertical field of at
least -20° to +20° improves in a direction of eye growth. |

(E62) The lens of one or more E examples, wherein the slope for a substantial portion of the
field angles over a horizontal field of at least -20° to +20° degrades in a direction of eye
growth. ' |

(E63) The lens of one or more E examples, wherein the substantial portion of the field angles
over a horizontal field is at least 75%, 85%, 95% or 99% of the field angles.

(E64) The lens of one or more E examples, wherein the substantial portion of the field angles

over a horizontal field is every field angle.
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(E65) The lens of one or more E examples, wherein the slope for a substantial portion of the
field angles over a vertical field of at least -20° to +20° degrades in a direction of eye
growth. ‘ ' '

(E66) The lens of one or more E exarﬁples, wherein the substantial portion of the field angles
aver a vertical field is every angle.

(E67) The lens of one or more E examples, wherein the substantial portion of the field angles
over a vertical field is at least 75%, 85%, 95% or 99% of the field angles.

(E68) The lens of one or more E examples, wherein the aberration profile provides the RIQ of at

least 0.3 at the focal length for a substantial portion of pupil diameters in the range 3 mm

tn A mm
LW/ VU 111Kk,

(E69) The lens of one or more E examples, wherein the aberration profile provides the RIQ of at
least 0.3 at the focal length for a substantial portion of pilpil diameters in the range 4 mm
to 5 mm. |

(E70) The lens of one or more E examples, wherein the aberration profile provides the RIQ with
a through focus siope that degrades in a direction of eye growth when primary or
secondary astigmatism is added to the aberration profile. _

(E71) The lens of one or more E examples, wherein the aberration profile provides the RIQ with
a through focus slope that improves in a direction of eye growth when primary or
secondary astigmatism is added to the aberration profile. |

(E72) The lens of one or more E examples, wherein the primary or secondary astigmatism is
added to the desired aberration profile by altering one or more of the following terms:
C(2,-2), C(2,2),4C(4,-'2), C(4,2), C(6,-2), and/or C(6,2). A

(E73) The lens of one or more E examples, wherein the aberration profile provides the RIQ with
a through focus slope that degrades in a direction of eye growth when secondary
kastigmatism is added to the aberration profile.

(E74) The lens of one or more E examples, wherein the secondary astigmatism is added to the
desired aberration profile by altering one or more of the following terms: C(2,-2), C(2,2),!
C(4,-2), C(4,2), C(6,-2), and/or C(6,2).

(E75) The lens of one or more E examples, wherein the RIQ is characterised by

I esE(r, y) * (FTAFT{AG.6) = exp [2 « wo,0) [} 1230

[ GsF(x,y) = ((FTUFT{A(p0) * exp [55 = wif £ (,0) [} )))

—Fmin

RIQ =
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wherein:
Fmin is 0 cycles/degree and Fmax is 30 cycles/degree;

CSF(x, y) denotes the contrast sensitiyity function CSF(F)=2.6(0.0192+0.114£)e® 114011,

where f specifies the tested spatial frequency, in the range of F, t0 Fiax;
FT denotes a 2D fast Fourier transform;
A(p,6) denotes the pupil diameter;

W(p.6) denotes wavefront phase of the test case measured for i=1 to 20

k

W.6)= 2 a,Zp.0)
' i=1 5

b

Wdiff{p, 6) denotes wavefront phase of the diffraction limited case;

p and @ are normalised polar coordinates, where p represents the radial coordinate and 0

represents the angular coordinate or azimuth; and
A denotes wavelength.

(E76) The lens of one or mbre E examples, wherein the first Visual Strehl Ratio is at least 0.3,
0.35,0.4,0.5, 0.6, 0.7 or 0.8.

(E77) The lens of one or more E examples, wherein the second Visual Strehl Ratio is at least 0.1,
0.12,0.15,0.18 or 0.2. |

(E78) The lens of one or more E examples, wherein the through focus range is at least 1.7, 1.8,

1.9,2, 2.1, 2.25 or 2.5 Dioptres.

- (E79) The lens of one or more E examples, wherein the lens has a prescription focal distance

located within 0.75, 0.5, 0.3, or 0.25 Dioptres, inclusive, of an end of the through focus
range.

(E80) The lens of one or more E examples, wherein the end of the through focus range is the
negative power end. '

(E81) The lens of one or more E examples, wherein the end of the through focus range is the
positive power end.

(E82) The lens of one or more E examples, wherein the Visual Strehl Ratio remains at or above
the second Visual Strehl Ratio over the through focus range and over a range of pupil

diameters of at least | mm, 1.5 mm, 2 mm, 2.5 mm, or 3 mm.
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(E83) The lens of one or more E examples, wherein the combination of higher order aberrations
includes at least one of primary spherical aberration and secondary spherical aberration.

(E84) The lens of one or more E examples, wherein the higher order aberrations include at least
two, three, or five spherical aberration terms selected from the group C(4,0) to C(20,0).

(E85) The lens of one or more E examples, wherein the higher order aberrations include at least
six, seven or eight spherical aberration terms selected from the group C(4,0) to C(20,0).

(E86) The lens of one or more E examples, wherein the aberration profile is capable of being
characterised using only spherical aberration Zernike coefficients C(4,0) to C(20,0).

(E87) The lens of one or more E examples, wherein the RIQ for a substantial portion of the
angles over a horizontal field of at least -10° to +10°, =20° to +20° or -30° to +30° is at
least 0.3, 0.35 or 0.4,

(E88) The lens of one or more E examples, wherein the RIQ for a substantial portion of the
angles over a vertical field of at least -10° to +10°, -20° to +20° or -30° to +30° is at least
0.3,0.35 or 0.4.
angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to +30° is at
least.0.3. ,

(E90) The lens of one or more E examples, wherein the lens is one or more of the following:
contact lens, corneal onlays, corneal inlays, anterior chamber intraocular lens or posterior
chamber intraocular lens. v

(E91) The lens of one or more E examples, wherein the lens is one of the following: contact lens,
corneal onlays, corneal inlays, anterior chamber intraocular lens or posterior chamber
intraocular lens.

(E92) The lens of one or more E examples, wherein a first lens is provided based on one or more
of the E examples and a second lens is provided based on one or more of the E examples to
form a pair of lenses.

(E93) The lens of 6ne or more E examples, wherein the first lens is provided based on one or
more of the E examples and a second lens is provided to form a pair of lenses.

(E94) The lens of one or more E examples, wherein a pair of lenses are provided for use by an
individual to substantially correct the individual’s vision.

(E95) A method for making or using one or more of the lenses of one or more E examples.
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Examples set F:

(F1)
5
10

(F2)
15

(F3)
20

(F4)
25
30 (F5)

A lens comprising: an optical axis; an aberration profile about the optical axis and having a
focal distance; at least two optical surfaces; an aperture size greater than 2 mm; wherein
the lens is configured such that the lens is characterised by one or more power profiles and
the one or more power profiles provide a lens that has the following properties: the visual
performance of the multifocal lens at near, intermediate and far visual distances is
substeintially equivalént to or better than an appropriately prescribed single-vision lens for
far visual distance and produces minimal ghosting at distances from far distance to near.

A lens comprising: an optical axis; an aberration profile having a focal distance; and at
least two optical surfaces; wherein the lens is configured at least in part by one or more
power profiles and the lens has the follbwing properties: the visual performance of the lens
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at near, intermed
an appropriately prescribed single-vision lens for far visual distance and produces minimal
ghosting at distances from far distance to near. |

A lens comprising: an optical axis; an aberration profile having a focal distancé; at least
two optical surfaces; wherein the lens is configured at least in part by one or more power
profiies and ihe lens has the following prépeﬁiesz the visual performance of ihe iens ai
intermediate and far visual distances is substantially equivalent to, or better than, a
properly prescribed single-vision lens for far visual distance and produces minimal
ghosting at distances from far distance to near. |

A lens comprising: an optical axis; an aberration profile having a focal distance; at least

two optical surfaces; the lens is configured by one or more power profiles and has the

following lens properties: the lens is capable of decreasing the rate of progression of -

myopia; the lens is capable of decreasing the rate of growth of the eye as measured by
axial length; and provides visual performance at intermediate and far visual distances that
is at least substantially equivalent to a properly prescribed single-vision lens for far visual
distance and produces minimal ghosting at distances from far distance to near.

A lens ‘comprising: an optical axis; at least two optical surfaces; an aberration profile

having a focal distance and/or at least one power profile, wherein the aberration profile

and/or at least one power profile configure the lens to provide an image profile and the
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image profile in use \;/ith an eye is capable of stabilisiﬁg and/or altering the growth of the
eye; and wherein the lens is configured to provide visual performance at intermediate and
far visual distances that is substantially equivalent to or better than a correctly prescribed
single-vision lens for far visual distance and produces minimal ghosting at distances from
far distance to near; wherein the image profile generates one or more of the following:
myopic and/or hyperopic defocus at centre and/or periphery of the retina; a RIQ of at least
0.3, 0.35 or 0.4 at the retina and a slope of through-focus RIQ that degrades in the
direction of eye growth; and a RIQ of at least 0.3, 0.35 or 0.4 at the retina and a élop’e of
through-focus RIQ that improves in the direction of eye growth.

(FRY Tha lan
A diw 1w

440 VUL UL ~

0 N n
AV UL 11XVL 1 VAGQUUIPIVO, VYIIVIVILL WV 11K,

affect of slowing the growth of the myopic eye by one or more stop signals.

(F7) The lens of one or more F examples, wherein the slope of through-focus RIQ that degrades
in the direction of eye growth is one or more of the following: substantial, partial,
sufficient or combinations thereof,

{(F8) The iens of one or more F exampies, myopia conirol iens.

(F9) The lens of one or more F examples, wherein the improvement in the direction of growth is
one or more of the following: substantial, partial, sufficient or combinations thereof.

(F10) The lens of one or more F examples, whérein the lens has an aperture size of 2 mm or

- greater; 2.5 mm or greater, 3 mm or greater, 3.5 mm or greater or 4 mm or greatef.

(F11) The lens of one or more F examples, wherein the lens is a multifocal lens with at least 1
Dioptre, at least 1.25 Dioptre, or at least 1.5 Dioptre of power variation across a central
and/or a mid-peripheral portion of the optical zone of the lens. |

(F12) The lens of one or more F examples, wherein the lens is a presbyopic multifocal lens with
at least 1 Dioptre, at least 1.25 Dioptre or at least 1 Dioptre of power variation across a
central and/or a mid-peripheral portion of the optical zone of the lens.

(F13) The lens of one or more F examples, wherein the lens is non-monotonic and non-periodic.

(F14) The lens of one or more F examples, wherein the lens is a non-pinhole lens.

(F15) The lens of one or more F examples, wherein the lens is a non-pinhole lens and the lens is

a multifocal lens with at least 1, 1.25 or 1.5 Dioptre of power variation across a central
and/or a mid-peripheral portion of the optical zone of the lens.
(F16) The lens of one or more F examples, wherein in the lens produces a retinal image quality

(RIQ) with a through focus slope that degrades in a direction of eye growth, where the RIQ

is determined by a Visual Strehl Ratio that is measured substantially along the optical axis .
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when the aberration profile is tested on a model eye" with no or substantially no aberrations
and having an on-axis lengfh equal or substantially equal to the focal distance.

F17) The lens of one or more F examples, wherein in the lens produces a retinal image quality
(RIQ) with a through focus slope that degrades in a direction of eye growth, where the RIQ
is determined by a Visual Strehl Ratio that is measured along the optieal axis when {he
aberration profile is tested on a model eye with no aberrations and having an en-axis length

equal to the focal distance. | |

(F18) The lens of one or more F examples, wherein the lens has at least one wavefront aberration
proﬁle associated with the optical axis, and the aberration profile is comprised of: at least
two spherical aberration selected at least in part from a group comprising Zernike
coefficients C(4,0) to C(20,0).

(F19) The lens of one or more F examples, wherein the lens can be characterised upon testing by
at least the following properties: two or more higher order aberrations having one or more
of the following components; a primary spherical aberration C(4,0), a secondary spherical
aberration (C(6,0), a tertiary spherical abeiration C(8,0), a quaternary spherical abeiration
C(10,0), a pentanary spherical aberration C(12,0), a hexanary spherical aberration C(14,0),

~ a heptanary spherical aberratien C(16,0), an octanary sphericel aberration C(18,0) and a
nanonary spherical aberration C(20,0).

(F20) The lens of one or more F examples, wherein the lens does not substantlally reduce the
amount of light passing through the iens. '

(F21) The lens of one or more F examples, wherein the amount of light passing through the lens
is at least 80%, 85%, 90%, 95% or 99%.

. Examples set G:

25

30

(G1) A multifocal lens comprising: an optical axis; the multifocal lens is configured based on an
aberration proﬁle associated with the optical axis; the aberration profile is comprised of at
least two spherical aberration terms and a defocus term; the multifocal lens is configured
such that the visual performance of the multifocal lens at intermediate and far visual
distances is substanti
prescribed single-vision lens for far visual distance; and when tested with a defined visual

rating scale of 1 to 10 units, the visual performance at the near visual distance is within two
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units of the visual performance of the appropriately prescnbed smgle-vnsxon lens at far
distance.

A multifocal lens comprising: an optical axis; the multifocal lens is configured in part on
an aberration profile associated with the optical axis; the aberration profile is comprised of
at least two spherical aberration terms and a defocus term; wherein the multifocal lens is
configured such that the visual performance of the multifocal lens at intermediate and far
visual distances is equivalent to or better than, an appropriately or correctly prescribed
single-vision lens for far visual distance; and wherein upon testing with a defined visual

rating scale of 1 to 10 units, the visual performance at the near visual distance is within two |
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A multifocal lens comprising: an optical axis; the multifocal lens is configured based on an
aberration profile associated with the optical axis; the aberration profile is comprised of at
least two spherical aberration terms and a defocus term; and wherein upon testing with a
defined overall visual rating scale of 1 to 10 units, the multifocal lens is configured such
that the overall visuai performance of ihe multifocal lens is substantiaily equivalent to or
better than an appropriately prescribed single-ﬁision lens for far visual distance.

A multifocal lens comprising: an optical axis; the multifocal lens is configured based in
part on an aberration profile associated with the optical axis; the aberration profile is
comprised of at least two spherical aberration terms and avde\focus term; and wherein the
multifocal lens is configured such that the visual performance on a visual analogue scale of
the multifocal lens at far visual distance has a score of 9 or above in 55%, 60%, 65%, 70%,
75% or 80% of a representative sample of presbyopes; wherein the multifocal lens is
configured such that the visual performance on a visual analogue scale of the multifocal
lens at intermediate visual distance has a score of 9 or above in 45%, 50%, 55%, 60%,
65%, 70% or 75% of a representative sample of presbyopes; and wherein the multifocal
lens is configured such that the visual performance on a visual analogue scale of the
multifocal lens af near visual distance has a score of 9 or above in 25%, 30%, 35%, 40%,

45%, 50% or 55% of a representative sample of presbyopes.

(G5) A multifocal lens comprising: an optical axis; the multifocal lens being characterised or

configured in part on an aberration profile associated with the optical axis; the aberration
profile is comprised of at least two spherical aberration terms and a defocus term; and

wherein the multifocal lens is configured such that the overall visual performance on a
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visual analogue scale results in a score of 9 or above in 18%, 25%, 30%, 35%, 40% or 45%
of a representative sample of presbyopes. |
(G6) The multifocal lens of one or more G examples, wherein the multifocal lens in use

provides substantially minimal ghosting to the vision of the user at near and far visual

Adictanceac
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- (G7) The multifocal lens of one or more G examples, wherein the substantially equivalent to or

better visual performance is determiné_d at least in part by a visual rating scale of 1 to 10
units. | ,
(G8) The multifocal lens of one or more G examples, wherein the average visual performance of
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the affected pUpLIldl ioi1 has a distance vision

the lens in use for a

score of at least 8.5, has mtermed1at vision score of at least 8.5 and has a near vision
score of at least 7.5.

(G9)- The multifocal lens of one or more G examples, wherein the average visual performance of
the lens in use for a representative sample of the affected population has a distance vision
score of at ieast 8.0, at least 8.2 or at least 8.4; has an intermediate: vision score of at least
8.0, at least 8.2 or at least 8.4; has a near vision score of at least 7.0, at least 7.2 or at least

7.4; or combinations thereof.:

'(G10) The multifocal lens of one or more G examples, wherein the multifocal lens provides

substantially minimal ghosting for a represéntative sample of the affected population at
near and/or inte‘rmediate visual distances. '

(G11) The multifocal lens of one or more G examples, wherein substantial minimal ghosting is
an average visual performance score of less than or equal to 2.4, 2.2, 2, 1.8, 1.6 or 1.4 on
the vision analogue ghosting scale of 1 to 10 units for a representative sample of the
affected population using the multifocal lens.

(G12) The multifocal lens of one or more G example, wherein substantial minimal ghosting is a
score of less than or equal to 2.4, 2.2, 2, 1.8, 1.6 or 1.4 on the vision rating ghosting scale 1
to 10 units utilising the average visual performance of the lens in use on a sample of people
needing vision correction and/or therapy, for one or more of the following: myopia,

hyperopia, astigmatism, emmetropia and presbyopia.

'(G13) The multifocal lens of one or more G examples, wherein the lens provides myopia control

therapy with minimal ghosting with or without vision correction.
(G14) The multifocal lens of one or more G examples, wherein the lens provides presbyopia

correction with minimal ghosting with or without far vision correction.
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(G15) The multifocal lens of one or more G examples, wherein the lens corrects astigmatism up
to 1 Dioptre without substantial use of rotationally stable toric lens design features.

(G16) The multifocal lens of one or more G examples, wherein the lens corrects astigmatism up
to 1 Dioptre without substantial use of rotationally stable toric lens design features with

(G17) The multifocal lens of one or more G examples, further comprising a first lens and a
second lens wherein the first lens is biased to substantially optimise distance vision and the
second lens is biased to substantially optimise near vision, and when used together provide
monocular and binocular vision substantially equivalent to, or better than, an appropriately
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stereopsis with minimal ghosting.

(G18) The multifocal lens of one or more G exémples, wherein the average overall visual
performance of the lens in use for a representative sample of the affected population has a
overall vision score of at least 7.8, 8, 8.2, 8.4, 8.6, 8.8 or 9. | | |

(G19) The muitifocai lens of one or more G exampies, wherein‘ the average overaii visual
performance of the lens in use for a representative bsample of the affected population has a
overall vision score of at least 7.8, 8, 8.2, 8.4, 8.6, 8.8 0r9.

(G20) The multifocal lens of one or more G examplés, wherein the multifocal lens in use
provides substantially minimal ghosting to the vision of the user at near and far visual
distances.

(G21) The multifocal lens of one or more G examples, wherein the substantially equivalent to or
better visual performance is determined at least in part by a visual rating scale of 1 to 10

_ units. _

(G22) The multifocal lens of one or more G examples, wherein the substantially equivalent to or
better visual performance is substantially determined by a visual rating scale of 1 to 10
units. . ‘

(G23) The multifocal lens of one or more G examples, wherein the avérage visual performance
of the lens in use for a representative sample of the affected population has a distance

. vision score of at least 8.5, has an intennédiate vision score of at least 8.5 and has a near
vision score of at least 7.5. | '

(G24) The multifocal lens of one or more G examples, wherein the average visual performance
of the lens in use for a representative sample of the affected population has a distance

vision score of at least 8.0, at least 8.2 or at least 8.4; has an intermediate vision score of at
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S
least 8.0, at least 8.2 or at least 8.4; has a near vision score of at least 7.0, at least 7.2 or at |
least 7.4, or combinations thereof..
(G25) The multifocal lens of one or more G examples, wherein the multifocal lens in use

provides the average visual performance of the lens in use for a representative sample of

the affected population provide substantially minimal ghosting to the vision of the u
near and/or intermediate visual distances.

(G26) The multifocal lens of one or more G examples, wherein substantial minimal ghosting is
defined as a score of less than or equal to 2.5, 2.2, 2, 1.8, 1.6 or 1.4 on the vision rating

ghosting scale 1 to 10 units utilising the average visual performance of the lens in use for a

(G27) The multifocal lens of one or more G examples, wherein the average overall visual
~ performance of the lens in use for a representative sample of the affected population has a
overall vision score of at least 7.8, 8, 8.2, 8.4, 8.6, 8.8 or 9.

(628) The multifocal lens of one or more G examples, wherein the single-vision lens is a lens
with' a substantially constant power across a substantial portion of an optic zone of the
single-vision lens.

(G29) The multifocal lens of one or more G examples, wherein the lens is used for a piesbyopic
eye. , , , |

(G30) The multifocal lens of one or more G examples, wherein the lens is further characterised
by minimal, or no, ghosting at near, intermediate and far distances. S ,

(G31) The multifocal lens of one or more G examples, where in the substantially continuous
distances is continuous. ‘

(G32) The multifocal lens of one or more G examples, wherein the single-vision lens is one or
more of the following: prescribed, appropriately prescribed, correctly prescribed and
effectively prescribed.

(G33) The multifocal lens of one or more G examples, wherein the single-vision lens is a lens
with a substantially constant power across a substantial portion of an optic zoné of the
single-vision lens. | '

(G34) The multifocal lens of one or more G examples, wherein the single-vision lens is a lens
with a constant power across a portlon of an opt1c zone of the single-vision lens

(G35) The multifocal lens of one or more G examples, wherein the single-vision lens is a lens
with a substantially constant power across a portion of one or more optic zones of the

single-vision lens.
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- (G36) The multifocal lens of ohe or more G examples, wherein the multifocal lens is used for a

presbyopic eye.

(G37) The multifocal lens of one or more G examples, wherein the lens is cénﬁgured for a
presbyopic eye

G38) The multifocal lens of one or more G examples, w

optically correct or substantially correct presbyopia.
(G39) The multifocal lens of one or more G examples, wherem the lens is configured to
mitigate or substantially mitigate the optical consequences of presbyopia.

(G40) The multifocal lens of one or more G examples, wherein the lens is configured to alter or

(G41) The multifocal lens of one or more G examples, wherein the multifocal lens is used for at
least correcting a presbyopic eye condition and when used provides an appropriate
correction to adjust the vision of the user towards substantially normal non-presbyopic

vision.

'(G42) The muitifocai lens of one or more G exampies, wherein normai vision is 6/6 or better.

(G43) The multifocal lens of one or more G examples, whérein the multifocal lens is further
characterised by minimal, substantially no or no, ghosting at near, intermediate and far
distances. . '

(G44) The multifocal lens of one or more G examples, wherein the multifocal lens is further
characterised by minimal, substantially no or no, ghosting at near distances, intermediate
distances and far ciistances. '

(G45) The multifocal lens of one or more G examples, wherein the multifocal lens is further
configured to provide minimal, substantially no or no, ghoéting at near, intermediate and

far distances. '

(G46) The multifocal lens of one or more G examples, wherein the minimal ghosting is a lack of
an undesired secondary image appearing at the image plane of the optical system.

(G47) The multifocal lens of oné or more G examples, wherein the minirnal ghosting is a lack of
an undesired secondary image appearing on the retina of the eye.

(G48) The multifocal lens of one or more G examples, wherein the minimal ghosting is a lack of
an undesired double image appearing on the retina of the eye.

(G49) - The multifocal lens of one or more G examples, wherein the minimal ghostmg is a lack of

false out-of-focus image appearing along side of the primary image in an optical system.
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(G50) The multifocal lens of one or more G examples, wherein the multifocal lens is further
configured to provide a sufficient lack of ghosting in a portion of near, intermediate and far
distances.

(G51) The multifocal lens- of one or more G examples, wherein the multifocal lens is further

and far distances.
(G52) The multifocal lens of one or more G examples, wherein the multifocal lens is further
configured to proi;ide a sufficient lack of ghosting in a portion of two or more of the

following: near, intermediate and far distances.

(G53)' The muliifocal lens of one or more G examples, wherein lack of ghosting is iack of
undesired image appearing at the image plane of the optical system.

(G54) The multifocal lens of one or more G- examples, wherein lack of ghosting is a lack of
false out of focus images appearing along side of the primary image in an optical system.

(G55) The multifocal lens of one or more G examples, wherein the multifocal lens is further -
configured to provide a sufficient lack of ghosting in a portion of two or more of the

\ following: near distances, intermediate distances and far distances.

(G56) The multifocal lens of one or more G examples, wherein the multifocal lens is further
configured to provide the RIQ of af least 0.1, 0.13, 0.17, 0.2, 0.225, or 0.25 in the near
distance range, the RIQ of at least 0.27, 0.3, 0.33, 0.35, 0.37 or 0.4 in the intermediate |
distance range and the RIQ of at least 0.35, 0.37, 0.4, 0.42, 0.45,‘ 0.47, or 0.5 in the far
distance range; , N

(G57) The multifocal lens of one or more G examples, whefein the multifocal lens is further
configured to provide two or more of the following: the RIQ of at leastv 0.1,0.13,0.17,0.2,
0.225, or 0.25 in the near distance range, the RIQ of at least 0.27, 0.3, 0.33, 0.35, 0.37 or

0.4 in the intermediate distance range and the RIQ of at least 0.35, 0.37, 0.4, 0.42, 0.45,
0.47, or 0.5 in the far distance range.

(G58) The multifocal lens of one or more G examples, wherein the RIQs are selected in the
near, intermediate and far distance ranges such that the multifocal lens is configured to
provide minimal, or no, ghosting in near, intermediate and far distances.

(GS9) The multifocal lens of one or more G examples, wherein the multifocai lens is configured
to substantially eliminate, or éubstant-ially reduce, ghosting at near, intermediate and far

distances.
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(G60') The multifocal lens of one or more G examples, wherein the multifocal lens is configured
to substantially eliminate, or substantially reduce, ghosting at near distances, intermediate
distances and far distances. ,

(G61) The multifocal lens of one or more G examples, wherein near distance is the range of 33
cm to 50 cm or 40 cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm, 50
cm-to 80 cm or 50 cm to 70 ¢m; and far distance is the range of 100 cm or greéter, 80 cm
or greater or 70 cm or greater. v

(G62) The multifocal lens of one or more G examples, wherein near distance is the range of 33

cm to 50 cm or 40 cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm, 50

om ta QD o ar S0 cm ta 70 ome and far dictance ie tha ranas Af 100 om ar
Will W UV WIiild Vi JV WwWiii W v v‘ll, SALIVA AGEA WRAWDWALLIWW LD L1 Amls A AVV wii i

(]
o

or greater or 70 cm or greater and the near, intermediate and far distances are determined
by the distance from the object being focused on. |

(G63) The multifocal lens of one or more G examples, wherein near distance is the range of 40
cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the
range of 100 cm or greater. ‘

(G64) The multifocal lens of one or more G examples, wherein near distance is the range of 40
cm to 50 cm,; intermediate distance is the range of 50 cm to 100 cm; and far distance is the
range of 100 cm or greater and the near, intermediate and far distances are determined by
the distance from the object being focused on. )

(G65) The multifocal lens of one or more G examples, wherein near distance is the range ot 40
cm to 50 cm; intermediate distance is the range of 50 cm to 100 crh; and far distance is the
range of 100 cm to optical infinity. ‘

(G66) The multifocal lens of one or more G examples, wherein near distance is the range of 40
cm to 50 cm; intermediate distance is the range of 50 cm to 100 cm; and far distance is the

“range of 100 cm to optical infinity and the near, imermediate and far distances are
determined by the distance from the object being focused on.

(G67) The multifocal lens of one or more G examples, wherein the multifocal lens is configured
to minimize, or reduce, ghosting at near, intermediate and faf distances when used on an
eye.

(G68) The multifocal lens of one or more G examples, wherein the multifocal lens is configured
to minimize, or reduce, ghosting at near distances, intermediate distances and far distances

when used on an eye.
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(G69) The multifocal lens of one or more G examples, wherein the range of substantially
continuous distances is continuous.

(G70) The multifocal lens of one or more G examples, wherein the range of substantially
continuous distances is continuous and goes from 40 cm to optical infinity.

(G7l)b The multifocal lens of one or more GG examples, wherein the range of substantially
continuous distances is from 33 cm to optical infinity.

(G72) The multifocal lens of one or more G examples, wherein the lens is configured such that
at least 40%, 50%, 60% or 70% of a randomly selected group of 15 affected individuals in

the near distances, intermediate distances and far distances perceive minimal, or no,

(G73) The multifocal lens of one or more G examples, wherein the lens is configured such fhat
at least 60%, 70%, 80% or 90% of a randomly selected group of 15 affected individuals in
the intermediate distances and far distances perceive minimal, or no, ghosting at
intermediate distances and far distances.

{G74) The muitifocai iens of one or more G exampies, wherein the singie vision iens provides a
visual acuity for the user of one or more of the folloWing: at least 20/20, at least 20/30, at
least 20/40, at least about 20/20, at least about 20/30 and at least about 20/40, at far visual
distances.

(G75) The multifocal lens of one or more G examples, wherein the aberration profile is
compﬁsed of a defocus term and at least two, two or more, three, three or more, four, four
or more, five, five or more, six, six or more, seven, seven ‘or more, eight, eight or more,
nine, nine or more, ten, or ten or more spherical aberration teﬁns.

(G76) The multifocal lens of one or more G examples, wherein the aberration profile is
compriséd ofa Vdefocus term and at least two, three, four, five, six, seven, eight, nine, or at
least ten spherical abérration terms.

(G77) The multifocal lens of one or more G examples, wherein the aberration profile is
comprised of a defocus term and spherical aberration terms between C(4,0) and C(6,0),
C(4,0) and C(8,0), C(4,0) and C(10,0), C(4,0) and C(12,0), C(4,0) and C(14,0), C(4,0) and
C(16,0), C(4,0) and C‘(18,0), or C(4,0) and C(20,0).

(G78) The multifocal lens of one or more G examples, wherein the single vision lens provides a

visual acuity that is the best-corrected visual acuity.
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(G79) The multifocal lens of one or more G examples, wherein the best-corrected visual acuity
is a visual acuity that cannot be substantially improved by further manipulating the power
of the single vision lens. \ | \

(G80) The multifocal lens of one or ri_xore G examples, wherein the lens has two optical
surfaces. |

(G81) The multifocal lens of one or more G examples, wherein the least one aberration.proﬁle
is along the optical axis of the lens.

(G82) The multifocal lens of one or more G examples, wherein the lens has a focal distance.

(G83) The multifocal lens of one or more G examples, wherein the aberration profile includes
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C(4,0) and a secondary spherical aberration component C(6,0).
(G84) The multifocal lens of one or more G examples, wherein the aberration profile provides,

for a model eye with no, or substantially no, aberrations and an on-axis length equal to the .

focal distance: the retinal image quality (RIQ) with a through focus slope that degrades in
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Ratio measured along the optical axis for at least one pupil diameter in the range 3 mm to 6
mm, over a spatial frequency range of 0 to 30 cycles/degree inclusive and at a wavelength
selected from within the range 540 nm to 590 nm inclusive. |

(G85) The multifocal lens of one or more G examples, wherein the 'aberration profile provides,
for a model eye with no, or substantially no, aberrations and an on-axis length equal to the
focal distance: the retinal image quality (RIQ) with a through focus slope that improves
in a direction of eye growth; and the RIQ of at least 0.3; wherein the RIQ is Visual Strehl
Ratio measured along the optical axis for at least one pupil diameter in the range 3 mm to 6
mm, over a spatial frequency range of 0 to 30 cycles/degrée inclusive and at a wavelength

“selected from within the range 540 nm to 590 nm inclusive. .

(G86) The multifocal lens of one or more G examples, wherein the lens has an optical axis and
an aberratiori profile about its optical axis, the aberration profile: having a focal distance;
and including higher order aberrations having at least one of a primary spherical aberration
component C(4,0) and a secondary spherica] aberration component C(6,0), wherein the
aberration profile provides, for a model eye with no, or substantially no, aberrations and an
on-axis length equal, or substantially equal, to the focal distance: the RIQ with a through
focus slope that degrades in a direction of eye growth; and the RIQ of at leaét 0.3; wherein

the RIQ is Visual Strehl Ratio measured along the optical axis for at least one pupil
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diameter in the range 3 mm to 6 mm, over a spgtial frequency range of 0 to 30
. cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590
nm inclusive. o
(G87) The multifocal lens of one or more G examples, wherein the lens has an optical axis and
an aberration profile about its optical axis, the aberration profile: having a focal distance;
and including higher order aberrations having at least one of a primary spherical aberration
component C(4,0) and a secondary spherical aberration component C(6,0), wherein the
aberration profile provides, for a model eye with no, or substantially no, aberrations and an
on-axis length equal, or substantially equal, to the focal distance: the RIQ with a through
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and the RI
~the RIQ is Visual Strehl Ratio measured along the optical axis for at least one pupil.
diameter in the range 3 mm to 6 mm, over a 'spatial frequency range of 0 to 30
cycles/degree inclusive and at a wavelength selected from within the range 540 nm to 590

nm inclusive. | '

(G88) The muitifocal lens of one or more G exampies, wherein the focal distance is a
prescription focal distance for a myopic, hyperopic, astigmatic, and/or presbyopic eye and
wherein the focal distance differs from the focal distance for a C(2,0) Zernike coefficient
of the aberration profile. | |

(G89) The multifocal lens of one or more G examples, wherein the higher order aberrations
include at least two spherica_l aberration terms selected tfrom the group C(4,0) to C(20,0).

(G90) The multifocal lens of oné or more G examples, wherein the higher Qrder aberrations
include at least three spﬁerical aberration terms selected from the group C(4,0) to C(20,0).

(G91) The multifocal lens of one or more G examples, wherein the higher order aberrations
include at least five spherical aberration terms selected from the group C(4,0) to C(20,0).

(G92) The multifocal lens of one or more G examples, wherein the average slope over a
horizontal field of at least -20° to +20° degrades in a direction of eye growth. |

(G93) The multifocal lens of one or more G examples, wherein the average slope over a
horizontal field of at least -20° to +20° improves in a direction of eye growth.

(G94) The multifocal lens of one or more G examples, wherein the average slope over a vertical
field of at least -20° to +20°‘degrades in a direction of eye growth.

(G95) The multifocal lens of one or more G examples, wherein the average slope over a vertical

field of at least -20° to +20° improves in a direction of eye growth.
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(G96) The multifocal lens of one or more G examples, wherein the slope for a substantial

portion of the field angles over a horizontal field of at least -20° to +20° degrades in a

direction of eye growth.
~ (G97) The multifocal lens of one or more G examples, wherein the substantial portion of the
S field angles over a horizontal field is at least 75%, 85%, 95% or 99% of the field angles.

(G98) The multifocal lens of one or more G examples wherein the substantial portion of the
field angles over a horizontal field is every field angle.

(G99) The multifocal lens of one or more G examples, wherein the slope for a substantial

~ portion. of the field angles over a vertical field of at least -20° to +20° degrades in a
i0 direction of eye growth;

(G100) The multifocal lens of one or more G examples, wherein the substantial portion of the
field angles over a vertical field is every angle.

(G101) The multifocal lens of one or more G examples, wherein the substantial portion of the
field angles over a vertical field is at least 75%, 85%, 95% or 99% of the field angles.

15 (G102) The multifocal lens of one or more G examples, wherein the aberration profile provides
the RIQ of at least 0.3 at the focal length for a substantial portion of pupil diameters in the
range 3 mm to 6 mm. 7

(G103) The multifocal lens of one vor more G exarﬁples, wherein the aberration profile provides

the RIQ of at least 0.3 at the fdcai length for a substantial portion of pupil diameters in the
20 ‘range 4 mm to 5 mm.

(G104) The multifocal lens of one or more G examples, wherein the aberration profile provides
the RIQ with a through focus slope that degrades in a direction of eye grovﬁh when
bﬁmary or secondary astigmatism is added to the aberration profile.

(G105) The multifocal lens of one or more G examples, wherein the aberration profile provides

25 - the RIQ with a through focus slope that improves in a direction of eye growth when
primary or secondary astigmatism is added to the aberration profile.

(G106) The multifocal lens of one or more G examples, wherein the primary or secondary
astigmatism is added to the desired aberration profile by altering one or more of the
following terms: C(2,-2), C(2,2), C(4,-2), C(4,2), C(6,-2), and/or C(6,2).

30 (G107) The multifocal lens of one or more G examples, wherein the aberration profile provides
' the RIQ with a through focus slope that degrades in a direction of eye growth when

secondary astigmatism is added to the aberration profile.
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(G108) The muitifocal lens of one or more G examples, wherein the secondary astigmatism is
added to the desired aberration profile by altering one or more of the following terms:
C(2,-2), C(232)7 C(4,'2)’ C(4>2)> C(6"2)a and/or C(692)

(G109) The multifocal lens of one or more G examples, wherein the RIQ is characterised by.

I e G5F(x) + (FT(FT(46,0) * oxp [+ w0 [}12300)

. [ 5me= eSF(x,3) « ((FT(FT{A(0.6) * exp [2 « Waif £ (6,8) |} 1))
wherein:

Fmin is 0 cycles/degree and Fmax is 30 cycles/degree;
CSF(x, y) denotes the contrast sensitivity function
CSF(F)=2.6(0.0192+0.114f)e 114011
10 where fspecifies the tested spatiél frequency, in the range of Fiuin t0 Fyax,
FT denoies a 2D fasi Fourier iransform;
A(p,6) denotes the pupil diameter;
W(p,0) denotes wavefront phase of the test case measured for i=1 to 20
Wip.6) = 5'a che)
!—‘l
15 Wdiff(p, 6) denotes wavefront phase of the diffraction limited case;

p and 8 are-normalised polar coordinates, where p represents the radial coordinate and 0

represents the angular coordinate or azimuth; and
A denotes wavelength.

(Gl 10) The multifocal lens of one or more G examples, wherein the multifocal lens includes an
20 | optical axis and an aberration profile along the optical axis that provides: a focal distance -
| for a C(2,0) Zernike coefficient term; a peak Visual Strehl Ratio (‘first Visual Strehl
Ratio’) within a through focus range, and a Visual Strehl Ratio that remains at or above a
second Visual Strehl Ratio over the through focus rémge that includes said focal distance,
wherein the Visual Strehl Ratio is measured for a model eye with no, or substantially no,

25 aberration and is measured along the optical axis for at least one pupil diameter in the

range 3 mm to 5 mm, over a spatial freQuency.r.ange.of_O_tom3~Omcyg:lesldegree...i.ncl.usi.ve.,-at—a
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wavelength selected from within the range 540 nm to 590 nm inclusive, and wherein the
first Visual Strehl Ratio is at least 0.35, the second Visual Strehl Ratio is at least 0.1 and
the through focus range is at least 1.8 DiOpﬁes.

(G111) The multifocal lens of one or more G examples, wherein the multifocal lens includes an
ontical axis and an aberration profile along the optical axis that provides: a focal distance
for a C(2,0) Zernike coefficient temll; a peak Visual Strehl Ratio (‘first Visual Strehl
Ratio’) within a through focus range, and a Visual Strehl Ratio that remains at or abové a
second Visual Strehl Ratio over the through focus range that includes said focal distance,

wherein the Visual Strehl Ratio is measured for a model eye with no aberration and is

ﬂﬂﬂﬂﬂ iamcter in the range 3 mm to 5 mm,
over a spatial frequenéy range of 0 to 30 cycles/degree inclusive, at a wavelength selected
from within the range 540 nm to 590 nm inclusive, and wherein the first Visual Strehl
Ratio is at least 0.35, the second Visual Strehl Ratio is at least 0.1 and the through focus
range is at least 1.8 Dioptres. ‘

(G112) The muitifocai iens of one or more G exampies, wherein the first Visual Strehi Ratio is
at least 0.3, 0.35, 0.4, 0.5, 0.6, 0.7 or 0.8,

(G113) The multifocal lens of one or more G examples, wherein the second Visual Strehl Ratio

~ isatleast0.1,0.12,0.15, 0.18 or 0.2.

(G114) The multifocal lens of one or more G examples, wherein the through focus range is at
least 1.7, 1.8, 1.9, 2, 2.1, 2.25 or 2.5 Dioptres.

(G115) The multifocal lens of one or more G examples, wherein the lens has a prescription focal

| distance located within 0.75, 0.5, O.'3, or 0.25 Dioptres, inclusive, of an end of the through
focus range. |

(G116) The multifocal lens of one or more G examples, wherein the end of the through focus
range is the negative power end. |

(G117) The multifocal lens of one or more G examples, wherein the end of the throﬁgh focus
range is the positive power end. |

(G118) The multifocal lens of one or more G examples, wherein the Visual Strehl Ratio remains
at or above the second Visual Strehl Ratio over the through focus range and over a range of
pupil diameters of at least 1 mm, 1.5 mm, 2 mm, 2.5 mm, or 3 mm.

(Gl 19) The multifocal lens of one or more G examples, wherein the combination of higher order

aberrations includes at least one of primary spherical aberration and secondary spherical

aberration.
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(G120) Tﬁe multifocal lens of one or more G examples, wherein the higher order aberrations
| include at least two, three, or five spherical aberration terms selected from the group C(4,0)

| to C(20,0).

(G121) The multifocal lens of one or more G examples, wherein the aberration profile can be
substéntiélly characterised using spherical aberration Zernike coefficients C(4,0) to
C(20,0). | |

(G122) The multifocal lens of one or more G examples, wherein the RIQ for a substantial
portion of the angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30°to
+30° is at least 0.4. |
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portion of the angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to
+30°isatleast 035. |

(G124) The multifocal lens of one or more G examples, wherein the RIQ for a substantial
portion of the angles over a horizontal field of at least -10° to +10°, -20° to +20° or -30° to
+30° is at least 0.3. | |

(G125) The multifocal lens of one or‘more G examples, wherein the lens is one or more of the

following: contact lens, corneal onlays, corneal inlays, anteribf chamber intraocular lens or
posterior chamber intraocular lens. ' ‘

(G126) The multifocal lens of one or more G examples, wherein the lens is one of the following:
contact lens, corneal onlays, comeal inlays, anterior chamber intraocular lens or posterior
chamber intraocular lens.

(G127) The multifocal lens of one or more‘ G examples, wherein a first multifocal lens is
provided based bn one or more of the G examples and a second multifocal lens is provided

based on one or more of the G examples to form a pair of lenses.

-(G128) The multlfocal lens of one or more G examples, wherein the first multifocal lens is

prov1ded based on one or more of the G examples and a second lens is provided to form a
pair of lenses.
(G129) The multifocal lens of one or more G examples, wherein a pair of multifocal lenses are
provided for use by an individual to substantially correct the individual’s vi
(G130) The lens of one or more G examples, wherein the lens does not substantially reduce the

amount of light passing through the lens.
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(G131) The lens of one or more G examples, wherein the amount of light passing through the
lens is at least 80%, 85%, 90%, 95% or 99%. .
(G132) A method for making or using one or more of the multifocal lenses of one or more G

examples.

Exampie set H:

(H1) A system of lenses comprising: a series of lenses, wherein the lenses in the series of lenses
have the following properties: at least two spherical aberration terms selected at least in
part from a group comprising spherical aberration coefficients from C(4,0) to C(20,0), that
provides correction of astigmatism up to 1 Dioptre without substantial use of rotationally
stable toric lens design features; and wherein the lenses in the series of le‘nses eliminate the
need for maintaining additional inventory for astigmatic corrections relating to cylinder
pdwers of 0.5, 0.75 and 1D, resulting in a reduction of stock keeping units by at least six,

eight, twelve, sixteen, eighteen, thirty six, ﬁﬁy—f_ouf or 108 times for each sphere power.

(J1) A muiltifocal lens for an eye cdmprising: at least one optical axis; at least one wavefront
aberration profile associated with the optical axis and the prescription focal power of the
lens; wherein, the multifocal lens is configured to expand the depth-of-fdcus of the eye by
altering the retinal image quality over a range of distances via manipulation of the at least
one wavefront aberration profile for the eye.

(J2) A'multifocal lens for an eye comprising: at least one optical axis; at least one wavefront
aberration profile associated with the optical axis and the aberration profile is comprised of
at least two spherical aberration terms and the prescription focal power of the lens; wherein
the lens is configured such that the leris expands the depth-of-focus of the eye by altering
the retinal image quality over a range of distances via manipulation of at least one
wavefront aberration profile for the eye. ‘

(J3) A multifocal lens for an eye comprising: at least one optical axis; at least one wavefront
aberration profile associated with the optical axis, and the aberration profile is comprised
of: at least two spherical aberration selected at least in part from a group comprising
Zemike coefficients C(4,0) to C(20,0), and a prescription focal power of the lens that may
be provided at least in part by C(2,0) Zernike coefficient term either with, or without, one

or more prescription offset terms; wherein, the multifocal lens. is configured to expand the
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depth-of-focus of the eye by improving the retinal image quality over a range of distances
via manipulation of the at least one wavefront aberration profile.
(J4) The lens of one or more J examples, wherein the lens does not substantialfy reduce the
amount of light passing through the lens. » v
(J5) The lens of one or more J examples, wherein the amount of light passing through the lens
is at least 80%, 85%, 90%, 95% or 99%.

Example set K:

(K1) A lens comprising: an optical axis; at least two surfaces; wherein the lens has at least one
power profile, the power profile is characterised upon testing by a function that is non-
monotonic over a substantial portion of the half-chord optical zone of the lens.

(K2) A lens comprising: an optical axis; at least two surfaces; wherein the lens has at least one
power profile, the power profile is characterised by a function that is non-monotonic over a
substantial portion of the half-chord optical zone of the lens. |

(K3) A lens comprising: an optical axis; at least two surfaces; wherein the lens has at least one
power profile, the power profile is characterised by a function that is aperiodic over a
substantial portion of the half-chord opti'cal zone of the lens.

(K4) A lens comprising: an ('S.ptical axis; at least two surfaces; wherein the lens has at least one
power profile, the power profile is characterised upon testing by a function that is aperiodic
over a substantial portion of the half-chord optical zone of the lens.

(K5) A lens comprising: an optical axis; at least two surfaces; wherein th.e‘]ens has at least one
power profile, the power profile is characterised by a function that is aperiodic and non-

" monotonic over a substantial portion of the half-chord optical zone of the lens.
K6) A lens comprising: an opti
power profile, the power profile is characterised upon testing by a function that is aperiodic

and non-monotonic over a substantial portion of the half-chord optical zone of the lens.
(K7) A lens comprising: an optical axis; at least two surfaces; wherein the lens has at least one
power profile, the power profile is configured such that the power profile is non-monotonic
over a substantial portion o : |
(K8) A lens comprising: an opticai axis; at least two surfaces; wherein the lens has at least one
| power profile, the power profile is configured such that the power profile is aperiodic over

a substantial portion of the half-chord optical zone of the lens.
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(K9) A lens comprising: an optical axis; at least two surfaces; wherein the lens has at least one
power profile, the power profile is configured such that the power profile is aperiodic and
non-monotonic over a substantial portion of the half-chord optiéal zone of the lens.

(K10) A lens comprising: an optical axis; at least two surfaces; and wherein the lens has at least

5 one power profile, the power profile is conﬁgured. such that the absolute of a first
derivative of the power profile has at least 5 peaks whose absolute amplitude is greater
than 0.025 with units of 1D per 0.01 mm along its half-chord.

(K11) A lens comprising: an optical axis; at least two surfaces; and wherein the lens has at least

one power profile, the power profile is characterised such that the absolute of a first

ot
[’

derivative of the power profile has at least S pe

than 0.025 with units of !D per 0.01 mm along its half-chord.
(K12) The multifocal lens comprising: an optical axis; at least two surfaces; and wherein the
 multifocal lens has a power profile such that an absoluté of a first derivative of the power
profile, as a function of half-chord diameter, has at least 5 peaks whose absolute amplitude
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(K13) The lens of one or more of K examples, wherein the lens is configured at least in part on
an aberration profile associated with the optical axis. |
~ (K14) The lens of one or more of K examples, wherein the lens has an aberration profile
comprised of a defbcus term and at least two spherical aberration terms.
20 (K15) The lens of one or more of K examples, wherein the lens is a multifocal or bitocal. K15
The lens of one or more of K examples, wherein the substantial portion of the half-chord is
50%, 60%, 70%, 80%, 90% or 95% of the half-chord. ‘
(K16) A 'method of characterising lens power profile comprising the steps of: measuring the
spatially resolved power proﬁlé; computing a first derivative of the power profile; and
25 analysing or describing the power profile as a first deriirative of the power profile.
(K17). The method of one or more of K examples, wherein the first of derivative of the power
profile is an absolute of the first.derivative of the power profile.
(K18) A method of characterising lens power profile comprising the steps of: measuring the
power profile; computing a Fourier transform of the power profile; and describing the
30 power profile as a Fourier spectrum, wherein a normalised absolute amplitude of the
| Fourier transform of the power profile is greater than 0.2 at one or more spatial frequencies

at or above 1.25 cycles per millimetre.

(K19) The method of one more K examples, wherein the Fourier spectrum of the power profile
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is the amplitude of the Fourier spectrum.
(K20) The method of one more K examples, wherein the Fourier spectrum of the power profile
is the phase of the Fourier spectrum. '

(K21) The method of one more K examples, wherein the Fourier spectrum is an absolute of the

(K22) The method of one more K examples, wherein the Fourier spectrum is a real of the
Fourier spectrum. |
(K23) The method of one more K examples, wherein the Fourier spectrum is a normalised

absolute of the Fourier spectrum.
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transform of the power profile that is greater than 0.2 at one or more spatial frequencies at
or above 1.25 cycles per millimetre. '

(K25) The lens of oﬁe or more K examples, wherein the lens does not substantially reduce the
amount of light passiﬁg through the lens.

(K26) The lens of one or more K examples, wherein the amount of light passinglthrough the
lens is at least 80%, 85%, 90%, 95% or 99%. ‘

Example sei L:

(L1) A multifocal lens comprising: an optical -axis; an effective near addition power of at least
1D; an optic zone associated with the optical axis with an aberration profile; wherein the
aberration profile is comprised of at least two spherical aberration terms; and the
multifocal lens is configured to provide minimal ghosting along a range of visual distances,

;e and far distances.

(L2) The multifocal lens of one or more L examples, wherein minimal ghosting is an average
_rating of two or less for a group of at least 15 subjects on a1 to 10 visual ahalogue scale.

(L3) The multifocal lens of one or more L examples, wherein minimal ghosting is an avefage

| 'rating of two or less for a group of at least 15 subjects on a 1 to 10 visual analogue scale,
wherein the at least 15 subjects are selected from a representative population of individuals
with one or more of the following conditions: myopia, hyﬁeropia, astigmatism and

presbyopiai.
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(L4) The multifocal lens of one or more L examples, wherein minimal ghosting is an average
rating of two or less for a group of at least 15 subjects on a 1 to 10 visual analogue scale,
wherein the at least 15 subjects are selected from a representative population of

emmetrdpic non-presbyopes.
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less than or equal to 2.4, 2.2, 2, 1.8, 1.6 or 1.4 on the vision analogue rating scale 1 to 10
units utilising the average visual performance of the lens in use on a sample of people
needing vision correction and/or therapy, for one or more of the following: myopia,

hyperopia, astigmatism, emmetropia and presbyopia.

tested report no ghosting at near visual distances and far visual distances. |

(L7) The multifocal lens of one or more L examples, wherein at least 30% of the individuals
tested report no ghosting for vi‘sual distances along a range of substantially continuous

 visual distances, including near, intermediate and far distances.

(L8) The muiiifocai iens of one or more L exampies, wherein at least 40% of the individuais

/testéd report no ghosting at near visual distances and far visual distances.

(L9) The multifocal lens of one or more L examples, wherein at least 40% of the individuals
tested report no ghosting at near, intermediate and far distances.

(L10) The multifocal lens of one or more L examples, wherein at least 40% of the individuals
tested report a ratihg of less than two for ghosting at both near and far visual distances
reported.

(L11) A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens
include an aberration profile associated with the optical axis; the aberration profile is
comprised of a defocus term and at least two spherical aberration terms; and an effective
additional power of at least 1D; the muitifocal lens is configured to provide: an average
rating of at least 9 for distance vision on a visual analogue scale of 1 to 10; an average
rating of at least 8.5 for intermediate vision on the visual analogue scale; an average rating
of at least 7.5 for néar vision on the visual analogue scale; an average rating of less than 2
for ghosting for far vision on the visual analogue scale; an average rating of less than 2 for
ghosting for near vision on the visual analogue scale; and when tested on a sample of at
least 15 participants who are correctable to at léast 6/6 or better in both eyes and have an

astigmatism of less than 1.5D and who are selected from an affected population.
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(L12) A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens
include an aberration profile ‘associated with the optical axis; the aberration profile is
comprised of a defocus term and at least two spherical aberration terms; and an effective
additional power of at least 1D; the multifocal lens is conﬁgured to provide: at least 60%
of the individuals tested for far visual distances report a score of greater than 9 on a visual
analogue scale ranging betwéen 1 and 10; at least 50% of the individuals tested for
intermediate visual distances report a score of greater than 9 on the visual analogue scale;
at least 30% of the individuals tested for near visual distances report a score of greater than

9 on the visual analogue scale; below 15% of the individuals tested for ghosting at distance
roannrt a conr

1) o nf lace than 2 Aan the vicnal analna
ivpUIin SWUIT U a000 uiad: S5 O ux T VisSudai aiaal

ue scale; at least 40% of the
tested for ghosting at either distance or near report a score of less than 2 on the visual
analogue scale; and at least 25% of the individuals tested report a score of greater than 9 on
the visual analogue scale for cumulative vision encompassing distance, interrhediate, near,
lack of ghosting at distance, and lack of ghosting at near.

™ ANnns’ ~

L13) The muliifocal lens of one or more L examples, wherein ai leasi 30% of the individuals

- -

tested report a score of greater than 9 on the visual analogue scale for cumulative vision
encompassing distance, intermediate, near, lack of ghosting at distance, and lack of
ghosting at near. | . ’

(L14) The multifocal lens of one or more L examples, wherein at least 35% of the ihdividual,s
tested report a score of greater than 9 on the visual analdgue scale for cumulative vision
encompassing distance, intermediate, near, lack of ghosting ‘at distance, and lack of
ghosting at near.

(L15) The multifocal lens of one or more L examples, wherein at least 40% of the individuals
tested report a score of greater than 9 on the visual analogue scale for cumulative vision
encompassing distance, intermediate, near, lack of ghosting at distance, and lack of
ghosting at near. , |

(L16) The multifocal lens of one or more L examples, wherein at least 55% of the individuals
tested for intermediate visual distances report a score of greater than 9 on a visual analogue
scale ranging between 1 and 10. ‘

(L17) The multifocal lens of one or more L examples, wherein at least 35% of the individuals
tested for near visual distances report a score of greater than 9 on the visual analogue scale

ranging between 1 and 10.
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(L18) The multifocal lens of one or more L examples, wherein at least 40% of the individuals
tested for near visual distances report a score of gréater _than 9 on the visual analogue scale
ranging between 1 and 10.

(L19) The multifocal lens of one or more L examples, wherein at least 45% of the individuals

ranging between 1 and 10.

(L20) The multifocal lens of oné or more L examples, wherein at least 30% of the individuals
tested report a score of greater than 9 on the visual analogue scale for cumulative vision
encompassing ‘distance, intermediate, near, lack of ghosting at distance, and lack of
ghosting at near.

(L21)'The multifocal lens of one or more L examples, wherein at least 30% of the individuals
tested report a score of greater than 9 on the visual analogue scale fof cumulative vision
encompassing distance, intermediate, near, lack of ghdsting at distance, and lack of
ghosting at near.

(L22) The multifocal lens of one or more L examples, wherein at least 35% of the individuals
tested report a score of greater than 9 on the visual analogue scale for cumulative vision
encompassihg distance, intermediate, near, lack of ghosting at distance, and lack of
ghosting at near. |

(L23) The multifocal lens of one or more L examples, wherein at least 40% of the individuals
tested report a score of greater than 9 on the visual analogue scale for cumulative vision
encompassing distance, intermediate, near, lack of ghosting at distance, and lack of
ghosting at near. | |

(Lﬁ4) The multifocal lens of one or more L examples, wherein at least 45% of the individuals
tested report a score of greater than 9 on the visual analogue scale for cumulative vision
encompassing distance, intermediate, near, lack of ghosting at distance, and lack of
ghosting at near. |

(L25) The multifocal lens of one or more L examples, wherein at least 45% of the individuals
tested for ghosting at either distance or near report a score of less than 2 on the visual
analogue scale. ‘

(L26) The multifocal lens of one or more L examples, wherein at least 50% of the individuals
tested for ghosting at either distance or near report a score of léss than 2 on the visual

analogue scale.
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(L27) The multifocal lens of one or more L examples, wherein at least 55% of the individ‘uéls
tested for ghosting at either distance or near report a score of less than 2 on the visual
analogue scale.

(L28) The multifocal lens of one or more L examples, wherein at least 60% of the individuals

5 tested for ghosting at either distance or near report a score of less than 2 on the visual
| analogue scale. |

'(L29) A multifocal lens comprising: an optical axis; the optical properties of the multifocal lens |
include an aberration profile associated with the optical axis; the aberration profile is

comprised of a defocus term and at least two spherical aberration terms; and an effective

—

<]
0
2
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visual acuity for far visual distances of at least 0.00 on a LogMAR visual acuity chart; an
average visual acuity for intermediate visual distances at least 0.00 on a LogMAR visual
acuity chart; an average visual acuity for near visual distances at least 0.02 on a LogMAR
visual acuity chart; an average rating of less than 2 for ghosting for far vision on the visual
i5 analogue scaie; an average rating of ie;s than 2 for ghosting for near vision on the visuai
analogue scale; and when tested on a sample of at least 15 participants who are correctable
to at least 6/6 visual acuity or better in both eyes and have an astigmatism of less than
1.5D.
~ (L30) The multifocal lens of one or more L examples, wherein the multifocal lens has an
20 - effective additional power of at least 1.25D.
(L31) The multifocal lens of one or more L examples, wherein the multifocal lens has an
effective additional power of at least 1.5D. -
(L32) The lens of one or more L examples, wherein the lens does not substantially reduce the
amount of light passing through the lens.
25 (L33) The lens of one or more L examples, wherein the amount of light passing through the lens
is at least 80%, 85%, 90%, 95% or 99%.
(L34) The multifocal lens of one or more L examples, wherein the participants are selected from
an affected population. |
(L35) A multifocal lens corhprising: an optical axis; the optical properties of the multifocal lens
30 are configured or described based on an aberration profile associated with the optical axis;
the aberration profile is comprised of a defocus term and at least two spherical aberration
terms; and the multifocal lens is configured to provide: an average subjective visual rating

~of at Jeast 9 for distance vision on a visual analogue scale; an average subjective visual
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rating of at least 9 for intermediate vision on a visual analogue scale; an average subjective
visual rating of at least 7.5 for near vision on a visual analogue scale; an average subjective
visual rating of less than 2 for far vision on a ghosting analogue scale; and/or an average

subjective visual rating of less than 2 for near vision on a ghosting analogue scale; when

wh
-

population.

It will be understood that the inventions disclosed and defined in this specification
extends to alternative combinations of two or more of the individual features mentioned or
evident from the text or drawings. These different combinations constitute various alternative

10 aspects of the embodiments disclosed.
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Section 24: Appendix A —example combinations of spherical aberration

Combination| C (2,0) | C(4,0) | €(6,0) | c(8,0) [ c(10,0) [ c(12,0) [ c(14,0) [ c(16,0) [ C(18,0) [ (20,0
NoAberr | 0 0 0 0 0 0 0 0 0o | o
I 0 |-0.125|-0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
2 0 |[-0.100 | -0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
3 | o [-0.100-0.025] 0.025 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
4 0 |-0.100 | 0.025 | 0.075 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.000
5 0 |[-0.075]-0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
6 0 | -0.075 | -0.025 | 0.050 | 0.000 | -0.025 | -0.025 | 6.000 | 0.025 | 0.000
7 0 |-0.050 | -0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
8 0 |-0.050 [ -0.050 | 0.050 | 0.025 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
9 0 |[-0.050 | -0.025 | 0.050 | 0.000 | -0.025 | -0.025 | 0.000 | 0.025 | 0.025
10 0 |-0.025|-0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
11| 0 |-0025]-0025| 0050 | 0.025 | -0025 | -0.025 | 0.000 | 0.025 | 0.025
12 0 | 0.000 |-0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
13 0 | 0.000|-0.075| 0.050 | 0.025 | 0.000 | 0.025 | 0.000 | -0.025 | 0.000
14 0 | 0.000 | -0.050 | 0.000 | -0.025 | -0.025 | 0.025 | 0.025 | -0.025 | -0.025
15 0 | 0.000 | -0.050 | 0.050 | 0.025 | -0.025 | -0.025 | -0.025 | 0.000 | 0.025
16 0 | 0.000 |-0.025| 0.075 | 0.000 | -0.025 | 0.025 | 0.025 | 0.025 | 0.025
17 0 | 0.025 | -0.075 | 0.000 | -0.025 | -0.025 | 0.025 | 0.025 | 0.000 | 0.000
18 | o |0.025]-0075] 0000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
i9 0 | 0.025 |-0.075 | 0.025 | 0.025 | -0.025 | -0.025 | -0.025 | 0.000 | 0.025
20 0 | 0.025 | 20.075 | 0.050 | 0.025 | -0.025 | -0.025 | -0.025 | 0.000 | 0.000
21 0 | 0.025 | -0.050 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
22 0 | 0.025]-0.050 | 0.050 | 0.000 | -0.025 | -0.025 | 0.000 | 0.025 | 0.025
23 0 [ 0.025 |-0.050 | 0.050 | 0.025 [ 0.000 | 0.000 [ -0.025 | -0.025 | 0.000
2% 0 |0.025[-0.025] 0075 | 0.000 | -0.025 | 0.025 | 0.025 | 0.025 | 0.025
25 0 | 0.050 | -0.075 | 0.000 | 0.000 | -0.025 | 0.000 | 0.000 | 0.025 | 0.025
26 0 | 0.050 | -0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000




27 0 0.050 | -0.075 { 0.025 | 0.025 | -0.025 | 0.000 | 0.000 | -0.025 | 0.000
28 0 0.050 | -0.075 | 0.025 | 0.025 | -0.025 | 0.000 | 0.000 | 0.025 | 0.025
29 0 0.050 | -0.075 | 0.025 | 0.025 | 0.000 | 0.000 | -0.025 | -0.025 | 0.000
30 0 0.050 | -0.075 | 0.025 | 0.025 | 0.000 | 0.025 | 0.025 | 0.025 | 0.025
31 0 0.050 | -0.050 { 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
32 0 0.050 | -0.025 | -0.025 | -0.025 | -0.025 | 0.025 | 0.025 | 0.000 | -0.025
33 0 0.050 | -0.025 | 0.075 | 0.025 | -0.025 | 0.025 | 0.025 | 0.025 | 0.025
34 0 0.075 | 0.050 | -0.025 | -0.025 { 0.000 | 0.000 | 0.000 | 0.000 | 0.000
35 0 0.075 | -0.675 ; -0.025 | -0.025 | 0.060 | 6.025 ; 0.000 ;| & GCG 0.060
36 0 0.075 {-0.075 | -0.025 | 0.000 | 0.000 | 0.025 | 0.025 } 0.000 | 0.000
37 0 0.075 | -0.075 | 0.000 | 0.000 | -0.025 | -0.025 | 0.000 | 0.000 | 0.000
38 0 0.075 | -0.075 | 0.000 | 0.000 | -0.025 | 0.000 | 0.000 | 0.000 | 0.000
39 0 0.075 | -0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
40 0 | 0075 |-0.075| 0.000 | 0.025 | -0.025 | -0.025 | 0.000 | 0.000 | 0.000
41 0 0.075 | -0.075 | 0.000 | 0.025 | -0.025 | 0.000 | 0.000 | 0.000 | 0.000
42 0 0.075 | -0.050 | -0.050 | -0.025 | 0.000 | 0.000 | 0.025 | 0.000 | -0.025
43 0 0.075 | -0.050 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 { 0.000 | 0.000
44 0 0.075 | -0.025  0.000 { 0.000 | 0.000 | 0.000 { 0.000 | 0.000 | 0.000
45 0 0.075 {-0.025 | 0.050 { 0.000 | -0.025 | 0.025 | 0.025 | 0.000 | 0.000
46 0 0.100 | -0.075 | -0.050 | -0.025 | 0.000 ) 0.025 | 0.025 | -0.025 | -0.025
47 0 0.100 | -0.075 | -0.050 | 0.000 | 0.000 | 0.025 | 0.025 | -0.025 | -0.025
43 0 0.160 | -0.075 | -0.025 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
49 0 0.100 | -0.075 | -0.025 | 0.000 | 0.000 | 0.025 | 0.000 | 0.000 | 0.000
50 0 0.100 { -0.075 } 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
51 0 0.100 | -0.075 | 0.000 | 0.025 | -0.025 | -0.025 | 0.025 | 0.025 | 0.000
52 0 0.100 | -0.050 | -0.050 | -0.025 | 0.000 | -0.025 | -0.025 | -0.025 | -0.025
53 0 0.100 | -0.050 | -0.025 | -0.025 { -0.025 | 0.025 { 0.000 { -0.025 | 0.000
54 0 0.100 | -0.050 | 0.000 { 0.000 { 0.000 | 0.000 | 0.000 | 0.000 } 0.000
55 0 0.100 | -0.050 |} 0.000 | 0.000 ; 0.000 | 0.025 | 0.025 | 0.000 { 0.000
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56 0 | 0.100 |-0.050] 0.000 | 0.000 | 0.000 | 0.025 | 0.025 | 0.025 0.025
57 0 | 0.100 | -0.050 | 0.000 | 0.025 | 0.025 | 0.000 | -0.025 | -0.025 | -0.025
58 0 0.100 | -0.025 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
59 0 | 0.100 | -0.025 | 0.000 | 0.025 | 0.025 | 0.000 -0.025 | -0.025 | -0.025
60 0 | 0.100 [-0.025 | 0.025 | -0.025 | -0.025 | 0.025 | 0.025 | 0.000 | 0.000
61 0 | 0.100 | 0.000 | 0.000 | -0.025 | 0.000 | 0.025 | 0.000 | 0.000 | 0.025
62 0 | 0.100 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
63 0 | 0.100 | 0.000 | 0.050 | 0.000 | -0.025 | 0.025 | 0.000 | -0.025 | 0.000
64 0 | 0.125 | 0075 | 0.075 | -0.025 | 0.000 | 0.025 | 0.025 | -0.025 | 0.025
65 0 | 0.125 | -0.075 | -0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 0.000
66 0 | 0.125 | -0.075 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
67 0 | 0.125 | -0.050 | -0.025 | -0.025 | -0.025 | 0.000 | 0.000 | 0.000 | 0.000
68 0 | 0.125 |-0.050 | -0.025 | -0.025 | -0.025 | 0.025 | 0.000 | 0.000 | 0.000
69 0 | 0.125 | -0.050 | -0.025 | 0.000 | 0.000 | 0.025 | 0.025 | 0.000 | 0.000
70 0 | 0.125 | -0.050 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
71 0 | 0.125 | -0.050 | 0.000. | 0.025 | 0.025 | 0.025 | 0.000 | 0.000 | 0.000
72 0 | 0.125 |-0.025 | 0.000 | -0.025 | -0.025 'o_.ooo 0.000 | -0.025 | -0.025
73 0 | 0.125 | -0.025 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
74 0 | 0.125 | -0.025 | 0.025 | 0.000 | -0.025 | 0.000" | 0.000 | 0.000 | 0.000
75 0 | 0.125 [-0.025 0.025 | 0.000 | 0.000 |- 0.025 | 0.025 | 0.000 | 0.000
76 0 | 0.125 [-0.025 | 0.025 | 0.025 | 0.025 | -0.025 | 0.025 | 0.025 | 0.025
77 0 | 0.125 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0:000
78 0 | 0125 | 0.000 | 0,025 | -0.025 | -0.025 | 0.025 0.000 | -0.025 | -0.025
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Section 25: Appendix B — through focus RIQ for combinations of spherical aberration in Appendix A

Combination| -1.50 | -1.25 | -1.00 | -0.75 | -0.50 -0725 0.00 | 0.25 | 0.50 | 0.75 1-.00 1.25 | 1.50
No Aberr [0.024 [0.0400.073|0.148 | 0.307 { 0.709 | 1.000 | 0.709 0.307 0.14810.073]0.040 | 0.024
\ i 0.089|0.1350.1920.243 | 0.304 | 0.434 1 0.606 | 0.667 | 0.542 | 0.329 | 0.1520.056 | 0.021
2 0.0840.131]0.196 1 0.265 | 0.346 | 0.482 | 0.643 1 0.676 | 0.514 | 0.281 | 0.113 | 0.036 { 0.012

3 0.0280.0530.115/0.258 | 0.473 1 0.628 | 0.648 | 0.595 | 0.479 | 0.310 | 0.161 | 0.071 | 0.028

4 0.039 [ 0.067 | 0.153 0.31310.4580.493 | 0.4770.4920.470 | 0.361 | 0.220 | 0.112 | 0.052

5 0.082(0.128 0.198 0.28110.384 10.532|0.675{0.675 | 0.481 | 0.236 | 0.080 | 0.021 | 0.006

6 0.100{0.129(0.157 | 0.246 [ 0.402 { 0.514 | 0.542 | 0.559 | 0.5150.338 [ 0.146 | 0.051 | 0.024

7 0.083 | 0.12910.19910.289 0.412 | 0.576 | 0.704 | 0.666 | 0.445 | 0.196 0.054 0.010|0.002

8 0.069|0.105 | 0.176 | 0.305 | 0.479 | 0.603 [ 0.614 | 0.565 | 0.454 | 0.262 0.09910.030(0.010

9 0.124|0.168 | 0.181 | 0.212 | 0.338 [ 0.502 | 0.579 | 0.579 [ 0.508 | 0.319 0.117 [ 0.027 | 0.016

10 0.08910.133|0.201 | 0.293 | 0.425 | 0.607 | 0.730 [ 0.656 | 0.409 | 0.161 | 0.034 | 0.003 | 0.001

11 0.1040.159]0.199|0.247 | 0.359 | 0.508 | 0.581 | 0.570 | 0.502 [ 0.326 | 0.125 | 0.035 | 0.023
iz 0.098 O.Vi41 0.206 0.293 '0.423 0.618 | 0.749 | 0.649 | 0.377 | 0.134 | 0.021 | 0.001 | 0.002
13 0.157 [0.206 | 0.250 | 0.282 | 0.354 | 0.482 | 0.542 | 0.480 | 0.364 | 0.232 | 0.120 | 0.060 | 0.032
14 0.092 0.184 0.3]4. 0.371}0.390 [ 0.505 | 0.592 | 0.481 | 0.297 [ 0.204 | 0.161 | 0.097 | 0.041
15 0.153 6.215 0.24710.261 | 0.324 1 0.453 { 0.533 {0.514|0.447 | 0.307 { 0.129 | 0.038 | 0.025
16 0.152]0.207 | 0.237 [ 0.260 | 0.363 | 0.509 [ 0.531 | 0.442 | 0.363 | 0.265 | 0.137 | 0.056 | 0.029
17 0.158(0.218|0.286 | 0.308 | 0.324 | 0.457 0.61] 0.56410.35210.181 | 0.101 0.04}8 0.011
18 0.111]0.152[0.213 | 0:293 | 0.410 | 0.604 | 0.754 | 0.650 | 0.356 | 0.113 [ 0.013 | 0.004 | 0.004
19 0.1680.205|0.235[0.285 [ 0.367 | 0.476 | 0.539 0.482 0.36510.253 0.138 0.052{0.023
20 0.161]0.202|0.237 [ 0.282 | 0.361 | 0.468 0.5‘18 0.46510.378 | 0.267 | 0.124 ( 0.038 [ 0.019
21 0.081 0.1160.174 [ 0.255 | 0.405 | 0.680 | 0.878 | 0.715 | 0.342 | 0.093 | 0.015 0.,002 0.001
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22 0.151}0.212{0.253 | 0.256 | 0.304 { 0.463 | 0.584 [ 0.514 { 0.360 | 0.223 | 0.095 [ 0.016 | 0.003
23 0.153 0.205 0.24210.255(0.3160.493 ( 0.638 | 0.563 [ 0.363 | 0.201 | 0.096 | 0.041 | 0.023
24 0.159}0.214{0.250{0.256 ( 0.322 | 0.476 | 0.548 9.465 0.35710.251 0.127‘ 0.046 {0.021
25 0.158|0.201 }0.231|0.253]0.312|0.4720.648 | 0.612 | 0.359 | 0.141 [ 0.075 | 0.067 | 0.043
26 0.126|0.166 | 0.222 [ 0.293 | 0.388 | 0.567 [ 0.739 | 0.657 | 0.350 | 0.099 0.008 0.005 [ 0.006
27 0.161]0.203 (0.236 | 0.253 {0.304 | 0.475 | 0.648 | 0.593 [ 0.370 0.190 | 0.091 | 0.039 | 0.015
28 0.16410.201 | 0.226 | 0.253 | 0.323 | 0.472}0.604 | 0.547  0.352|0.197 | 0.112 0.058 | 0.031
29 0.171(0.206 | 0.240 | 0.274 | 0.328 | 0.463 | 0.608 | 0.564 | 0.362|0.193 | 0.094 | 0.036 | 0.012
30 0.1710.206 | 0.231 | 0.259 | 0.326 | 0.475 ,0’626 0.589(0.363}0.1500.057|0.031 | 0.015
31. 10.097]0.135{0.192 | 0.268 | 0.389 | 0.628 | 0.848 | 0.728 | 0.347 ‘0.078 0.006 | 0.001 | 0.003
32 0.07410.134]0.23810.370 | 0.462 | 0.553 | 0.624 | 0.516 | 0.286 | 0.156 | 0.129 | 0.096 | 0.052
- 33 0.159]0.212|0.245]0.251 | 0.305 | 0.461 { 0.564 | 0.496 | 0.3750.264 | 0.138 | 0.048 | 0.019
34 0.0220.044 | 0.114]0.27910.496 | 0.623 | 0.634 [ 0.591 { 0.479]0.310 | 0.160 | 0.069 | 0.030
35  10.161]0.200|0.244|0.318 .0.404 0.493 | 0.584 { 0.550 | 0.352 {0.162 | 0.072 | 0.032 | 0.009
36 0.151]0.2170.289]0.3530.390| 0.455 [ 0.568 { 0.563 | 0.373 | 0.173 | 0.080 | 0.042 | 0.013
37 0.151{0.206 | 0.264 | 0.304 | 0.336 | 0.450 | 0.630 | 0.628 | 0.372 | 0.127 | 0.038 | 0.014 | 0.004
38 0.164(0.211 {0.254|0.279{0.309 | 0.455 | 0.681 [ 0.686 | 0.400{0.126 | 0.027 | 0.011 | 0.005
39 | 0.1420.181(0.232(0.292 (0.364 { 0.512 | 0.699 | 0.664 | 0.364 0.697 0.005|0.006 { 0.008
40 0.155(0.222{0.286(0.331 (0.369 | 0.465 [ 0.601 | 0.579|0.365 | 0.172 | 0.085 [ 0.037 | 0.008
41 |0.151]0.204|0.251 |0.282|0.320 | 0.459 | 0.661 | 0.659 0.7405 0.163]0.062 | 0.0310.018
42 0.1180.171]0.252|0.367 | 0.460 | 0.506 | 0.539 | 0.496 | 0.329 | 0.166 | 0.098 | 0.069 | 0.035
43 0.115]0.156{0.21210.283[0.376 | 0.563 1 0.784 1 0.729 { 0.371 | 0.080 | 0.001 | 0.003 { 0.005
44 0.086 {0.126 | 0.186 | 0.272 [ 0.392 | 0.602 0.8260.761 | 0.391 | 0.094 0.012 0.005|0.001
45 0.153(0.203 | 0.257 | 0.284 [ 0.316 | 0.452 | 0.609 | 0.566 | 0.367 | 0.207 | 0.104 | 0.035 | 0.011
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0.519

46 0.180|0.2560.316 | 0.408 | 0.497 | 0.493 | 0.427 | 0.336 [ 0.212 | 0.122 | 0.109 0.104 | 0.064
47 0.171|0.253|0.325 | 0.407 | 0.458 | 0.443 | 0.429 | 0.400 | 0.289 | 0.173 | 0.131 | 0.112 | 0.066
48 10.151]0.211{0.2810.3580.417}0.470 0;566 0.585{0.397{0.155]0.035 [ 0.004 | 0.004
49 0.155]0.203 | 0.255{0.330 | 0.407 | 0.472} 0.560 [ 0.561 | 0.375 | 0.168 | 0.075 | 0.042 10.018
50 0.159]0.197|0.240 | 0.289 | 0.3390.449 | 0.636 | 0.663 | 0.396 | 0.110 | 0.005 | 0.007 | 0.009
51 0.185(0.272 0.360 0.3920.353 0.357 | 0.461 | 0.486 | 0.330 | 0.168 | 0.108 | 0.077 | 0.037
52 0.0960.141(0.2220.3510.472|0.508 | 0:515 | 0.524 | 0.412 | 0.196 | 0.057 | 0.024 | 0.021
53 0.158|0.206 | 0.242 | 0.306 | 0.392 | 0.462 | 0.534 | 0.533 0.381 0.208]0.116 0.063 0.025
54 0.134]0.177|0.231 0.296 0.365(0.494 (0.6940.710]0.409 | 0.101 | 0.001 | 0.004 | 0.007 |
55 . [0.152{0.204[0.259|0.316 | 0.366 | 0.464 | 0.626 | 0.630 [ 0.369 | 0.110 | 0.031 | 0.028 | 0.016
56 0.161]0.2070.253 10.290| 0.338 [ 0.458 [ 0.619{ 0.607 | 0.360 | 0.117 | 0.033 | 0.027 | 0.022
57 0.14310.19710.268 | 0.357 | 0.426 | 0.471 | 0.522| 0.486 | 0.298 | 0.128 [ 0.086 | 0.078 | 0.044
58 0.105]0.1510.214 1 0.299 | 0.398 | 0.542 0.721 0.717 | 0.423 | 0.123]0.017 [ 0.003 | 0.003
59 0.110|0.169|0.259 {0.371 ( 0.457 | 0.518 | 0.571 { 0.515 1 0.302 { 0.113 | 0.068 | 0.073 | 0.053
60 0.1580.202} 0.246 | 0.308 | 0.374 ] 0.455 | 0.553 [ 0.536 | 0.366 | 0.196 | 0.093 | 0.030 | 0.008
61 0.118[0.160 [ 0.205 | 0.284 | 0.407 | 0.520 [ 0.588 [ 0.569 | 0.421 | 0.224 | 0.088 | 0.026 | 0.007
62 0.076 (0.119(0.189]0.297 [ 0.4370.593 | 0.722 | 0.683 0.425 07165 0.053{0.021 | 0.006
63 0.156|0.207 { 0.243 [ 0.258 | 0.318 | 0.460 | 0.563 0.'511 0.36410.236{0.140 (0.075 | 0.044
64 0.194 { 0.280 | 0.335 | 0.402 | 0.502 0.751>6 0.40210.2720.179(0.124 [ 0.1130.113 | 0.086
65 | 0.15510.2510.353|0.432 0.463 0.418]0.355(0.3680.387|0.303 | 0.163 | 0.062 | 0.021
66 0.175(0.210(0.246 [ 0.284 | 0.316 | 0.385 | 0.554 | 0.643 [ 0.439 | 0.141 { 0.009 0.008 | 0.010
67 0.163{0.214 {0.265 | 0.328 | 0.402 | 0.466 | 0.529 1 0.536 [ 0.389 | 0.186 | 0.072 | 0.031 | 0.009
68 0.163]0.201{0.232{0.294 | 0.397 | 0.476 { 0.522 | 0.506 | 0.365 0.192{0.103 | 0.062 | 0.031
69 0.157]0.220{0.281 | 0.355 | 0.428 | 0.468 0.53310.375{0.160{0.065 | 0.050 { 0.032
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70 0.153]0.198 0.2480.304 | 0.354 0.431 Q.59O 0.66410.44910.14310.010 0.0‘05 0.008
71 0.153]0.201 {0.261 | 0.343 1 0.412 | 0.458 ] 0.535] 0.55210.372 | 0.143 | 0.051 | 0.040 0.024
72 0.15110.20710.259(0.316 {0.391 [ 0.466 1 0.517 | 0.487 { 0.353 {0.2100.114 O.‘042 0.006
73 0.126 | 0.176 [ 0.241 | 0.320 | 0.401 | 0.489 0.609 | 0.645 | 0.446 | 0.168 | 0.033 | 0.005 | 0.004
74  [0.161]0.203 (0.237|0.270 (0.333 (0.456 | 0.608 | 0.618 | 0.406 | 0.179 0.081 0.038]0.010
v75 0.15910.202 | 0.243 1 0.289 | 0.349 | 0.456  0.592 | 0.584 | 0.367 | 0.145 | 0.046 | 0.010 | 0.003
76 0.076|0.148{0.260| 0.351 {0.375|0.411 | 0.515|0.5180.321 | 0.134 | 0.082 | 0.053 | 0.008
71 6.096 0.71471;224 ;329 0.;151 0.554 70?619 0.595 Oégj (;.72:02 0(;1 0.0;7 0.007
78 0.160]0.2160.27210.318 0;372 0.43410.455(0.4110.344)0.276 | 0.169 | 0.060 0.018>
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Section 26: Appendix C — example combinations of spherical aberration

Combination | C (2,0) | C(4,0) | C(6,0) | C(8,0) | C(10,0) [ C(12,0) {C(14,0) | C(16,0) | C(18,0) | C(20,0)
No Aberr 0 0 0 0 0 0 0 0 0 0
101 | 0 |-0.125]-0.075 0..00(’) | 10.025 | -0.025 | -0.025 | 0.025 | 0.000 | -0.025
102 0 -0.125 | -0.050 | 0.000 | 0.025 | 0.000 | -0.025 | 0.025 | 0.000 | -0.025
103 0 -0.125 | -0.050 | 0.000 | 0.025 | 0.000 | -0.025 | 0.025 | 0.025 | -0.025
104 0 -0.125 | -0.050 | 0.025 | 0.025 | -0.025 | -0.025 | 0.025 | 0.000 | -0.025
105 0 -0.125 | -0.050 | 0.050 | 0.025 | -0.025 | 0.000 | 0.025 | -0.025 | -0.025
106 0 -0.125 | -0.050 | 0.050 | 0.025 | -0.025 | 0.025 | 0.000 | 0.000 | 0.025
107 -0 [ -0.125 | -0.025 | -0.025 0.025 0.025 | -0.025 | 0.000 | 0.025 | 0.000
108 0 -0.125 | -0.025 | 0.000 | 0.000 | 0.025 | -0.025 ;0.025 0.025 | 0.025
109 0 -0.125 -0.025 0.000 { 0.000 | 0.025 | 0.000 | -0.025 | 0.025 | 0.025
110 0 -0.125 | -0.025 | 0.000 | 0.025 | 0.025 | -0.025 | -0.025 | 0.025 | 0.000
111 0 1-0.125}-0.025 | 0.000 | 0.025 | 0.025 | -0.025 | 0.000 | 0.025 | 0.000
112 0 -0.125 -0.025 | 0.000 | 0.025 | 0.025 | -0.025 | 0.025 | 0.025 | 0.000
113 0 -0.125 | -0.025 | 0.025 | 0.025 | 0.000 | -0.025 | 0.025 | 0.025 | -0.025
- 114 0 -0.125 | -0.025 | 0.075 | 0.025 | -0.025 | 0.025 | 0.000 | 0.000 | 0.025
115 0 -0.125 | 0.000 | 0.050 0.025 0.000 | -0.025 | 0.025 | 0.025 | -0.025
116 0 -0.125 | 0.000 | 0.075 | 0.025 | -0.025 | -0.025 | 0.025 | 0.000 | -0.025
117 0 -0.125 | 0.050 | 0.075 | 0.025 | 0.025 | 0.000 | 0.000 | 0.000 | -0.025
118 0 -0.125 | 0.075 | 0.075 | -0.025 { 0.000 | -0.025 | -0.025 | 0.000 | 0.000
119 0 -0.100 | -0.075 | -0.050 | 0.025 | 0.025 | -0.025 | -0.025 | 0.025 | 0.025
120 0 -0.100 | -0.050 | -0.050 | 0.025 | 0.025 | -0.025 | -0.025 | 0.025 | 0.025
121 0 -0.100 | -0.050 | -0.025 6.025 0.025 | -0.025 | -0.025 | 0.025 | 0.025
122 0 -0.100 | -0.025 | -0.050 | 0.025 | 0.025 | -0.025 | -0.025 | 0.025 | 0.000
123 0 -0.100 | -0.025 | -0.025 | 0.000 | 0.025 | -0.025 | -0.025 | 0.025 | 0.025
124 0 -0.100 | -0.025 | -0.025 | 0.025 | 0.025 | -0.025 -0.025 | 0.025 | 0.000
125 0 -0.100 | 0.050 | 0.075 | -0.025 | -0.025 | -0.025 | -0.025 | -0.025 | 0.000
126 0 -0.100 | 0.075 | 0.075 | -0.025 | 0.000 | -0.025 | -0.025 | 0.000 | 0.000




127 0 -0.100 0.075 | 0.000 | 0.000 [ -0.025 | -0.025 | -0.025 | -0.025
128 0 |-0.100| 0.075 | 0.075 | 0.000 | 0.000 | -0.025 | -0.025 | 0.000 | -0.025
129 0 -0'075' 0.025 | 0.075 | 0.025 | -0.025 | -0.025 | 0.025 | -0.025 | -0.025
130 0 -0.075 Q.bSO 0.075 | -0.025 | -0.025 | 0.000 | -0.025 0.000 0.025
131 0 -0.075 | 0.050 | 0.075 | -0.025 [ -0.025 | 0.025 | 0.000 | 0.025 | 0.025
132 0 -0.075 | 0.050 | 0.075 | 0.025 | -0.025 | -0.025 | 0.000 | -0.025 | -0.025
133 0 -0.075 | 0.050 | 0.075 | 0.025 | 0.000 | -0.025 6.025 0.000 | -0.025
134 0 -0.075 | 0.075 | 0.075 | -0.025 | -0.025 | -0.025 | -0.025 0.000‘ 0.000
135 0 -0.075 | 0.075 | 0.075 | -0.025 | -0.025 | -0.025 | -0.025 | 0.000 | 0.025
136 0 -0.075 | 0.075 | 0.075 | -0.025 | -0.025 | 0.000 | -0.025 0.025 0.025
137 0 -0.075 | 0.075 | 0.075 | -0.025 | -0.025 | 0.000 | 0.000 0.000 0.025
138 0 -0.075 | 0.075 | 0.075 | -0.025 | -0.025 | 0.025 | 0.000 [ 0.000 | 0.025
139 0 -0.075 | 0.075 | 0.075 | -0.025 | -0.025 | 0.025 | 0.000 | 0.025 | 0.025
140 . 0 -0.050 | -0.050 | -0.075 | 0.025 | 0.025 | -0.025 0.600 0.000 | 0.000
141 0 -0.050 { 0.050 [ 0.075 | -0.025 | -0.025 | 0.000 | -0.025 | 0.000 | 0.025
142 0 |[-0.050 | 0.050 | 0.075 | -0.025 | -0.025 | 0.000 | -0.025 [ 0.025 | 0.025
143 0 -0.050 | 0.050 | 0.075 | 0.025 | -0.025 | -0.025 | 0.025 | -0.025 [ -0.025
144 0 -0.050 | 0.075 | 0.075 | -0.025 | -0.025 | -0.025 | -0.025 | 0.025 | 0.025
145 0 -0.050 { 0.075 [ 0.075 | -0.025 | -0.025 | 0.025 | 0.000 [ 0.000 | 0.025
146 0 -0.050 | 0.075 | 0.075 | -0.025 | -0.025 | 0.025 | 0.000 | 0.025 | 0.025
147 0 -0.025 | 0.075 | 0.075 | -0.025 | -0.025 | 0.025 | 0.000 | 0.000 | 0.025
148 0 -0.025 | 0.075 | 0.075 | -0.025 | -0.025 | 0.025 | 0.000 | 0.025 | 0.025
149 0 | 0.000 { 0.075 | 0.075 | -0.025 | -0.025 | 0.025 | 0.000 | 0.000 | 0.025
150 0 0.000 | 0.075 | 0.075 | -0.025 | -0.025 | 0.025.| 0.000 | 0.025 | 0.025
151 0 0.025 | -0.050 | -0.075 | 0.025 | 0.025 | 0.025 | 0.025 [ -0.025 | -0.025
152 0 | 0.050 } 0.075 | -0.050 | -0.025 | 0.025 | -0.025 | -0.025 | -0.025 | -0.025
153 0 0.075 | 0.075 | -0.050 | 0.000 | 0.025 | -0.025 | -0.025 | -0.025 | -0.025
154 0 1 0.100 | 0.050 | -0.075 | -0.025 | 0.000 | -0.025 | 0.025 | 0.000 | 0.000
| 155 0 0.100 .0.050 -0.075 { -0.025 | 0.025 | 0.000 | 0.025 0.000 70.025
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156 0 0.100 | 0.050 | -0.075 | -0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.000
157 0 0.100 | 0.050 | -0.075 | 0.000 | 0.025 0.000 | 0.000 | -0.025 | -0.025
158 -0 [ 0.100 | 0.075 | -0.075 | -0.025 | 0.000 [ -0.025 | 0.000 | 0.000 | 0.000
159 0 0.100 | 0.075 | -0.075 | -0.025 | 0.025 | 0.000 | 0.025 | 0.025 | 0.000
160 0 0.100 | 0.075 | -0.075 | -0.025 | 0.025 | 0.025 0.025 | 0.025 | 0.025
161 0 0.125 | 0.050 | -0.075 | 0.000 | -0.025 | -0.025 | 0.000 | 0.000 | 0.000
162 0 0.125 | 0.075 | -0.075 | -0.025 | 0.000 | -0.025 | -0.025 | 0.000 | 0.000 |
163 0 0.125 { 0.075 | -0.075 | -0.025 | 0.000 -0.025 0.000 | 0.000 | 0.000
164 0 0.125 | 0.075 | -0.050 | 0.000 | 0.000 -0.025' 0.000 | -0.025 | -0.025 |
165 0 0.125 | 0.075 | -0.050 >0.000 | 0.000 | -0.025 | 0.000 | -0.025 | 0.000
166 0 0;12_5 0.075 | -0.050 | 0.000 | 0.000 | -0.025 | 0.000 | 0.000 | 0.000
167 0 0.125 | 0.075 | -0.050 | 0.000 | 0.000 | -0.025 | 0.000 | 0.025

0.025
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Section 27: Appendix D: Through focus RIQ for combinations of spherical aberration in Appendix C

Combination| -1.50 | -1.25 | -1.00 [ -0.75 | -0.50 [ -0.25 | 0.00 | 0.25 [ 0.50 | 0.75 | 1.00 | 1.25 | 1.50

No Aberr |0.024 |0.040|0.073 | 0.1480.307 | 0.709 | 1.000 | 0.709 | 0.307 | 0.148 | 0.073 | 0.040 0.024
101 0.071{0.1020.206 [ 0.371 | 0.466 | 0.446 [ 0.409|0.397 {0.3650.305 [ 0.236]0.171 | 0.114
102 0.07510.11310.21310.357 {0.421 { 0.407 { 0.430| 0.459 { 0.402 { 0.301 {0.220 | 0.160 {0.110
103 0.0710.106 | 0.224 0.382 0.431|0.3880.385(0.4050.374 | 0.309 | 0.238|0.173 | 0.120
104 0.045(0.079{0.216 | 0.430 | 0.524 | 0.446 | 0.376 | 0.385 | 0.383 | 0.326 [ 0.240 [ 0.161 | 0.106
105 0.043)0.075)0.203 1 0.427 | 0.551 | 0.478 0.377 0.355)0.350|0.314 | 0.242 | 0.160 0.101
106 0.04510.10810.2300.382(0.459]0.413 [ 0.366 | 0.386 | 0.382 ( 0.312{0.221 [ 0.151 | 0.109

- 107 0.03210.091{0.21210.323{0.360 .0.391 0.46310.48310.407{0.317]0.255{0.198 | 0.141
108 0.04410.1090.239|0.330 | 0.354 { 0.389 [ 0.444 | 0.462 | 0.42210.347 | 0.264 1 0.183 | 0.111
109 0.0290.106 | 0.231 {0.314 | 0.358 | 0.427 | 0.489 0.478 |0.403 {0.321 [0.251 [ 0.176 | 0.107
110 0.028 | 0.098 1 0.234 1 0.343 1 0.359 | 0.364 | 0.439| 0.503 | 0.447 | 0.324 | 0.2320.168 | 0.109
111 0.033[0.0930.221 | 0.343 [ 0.385 | 0.402 | 0.469 | 0.514 | 0.446 [ 0.326 | 0.234 | 0.168 | 0.113 |
112 0.04910.091 9.202 0.327]0.384|0.405|0.450{0.467 | 0.400 | 0.303 |0.223 {0.163 |0.116
113 0.048{0.08210.2110.400{0.476 | 0.408 [ 0.365 ( 0.391 | 0.387 (0.325]0.2390.167 | 0.118
114 0.04410.0950.211{0.386 {0.486 | 0.426 ( 0.358 0.‘.375 0.3700.305 [0.231 [ 0.167 | 0.119
115 0.05310.096|0.212 | 0.360 {0.420 | 0.374 | 0.361 | 0.416 | 0.420 | 0.340 ] 0.239 | 0.164 | 0.119
,116 0.067]0.1210.220 | 0.342 1 0.392 [ 0.355 0.36] 0.434 0.455. 0.38910.277 }).16.9 0101_
117 0.03910.09510.206 {1 0.321 {0.3690.3650.3830.422 1 0.418 | 0.358 10.268 | 0.1800.120
118 0.0610.12010.212{0.315;0.388 (0.387 {0.350 | 0.353 | 0.365 | 0.344 | 0.304 | 0.244 | 0.168
119 0.06510.12710.213{0.309 [0.364 {0.393 [ 0.432{0.436 { 0.39510.342 1 0.269{ 0.183 { 0.111
120 0.040|0.098 {0.211{0.322|0.354 [ 0.366 | 0.412 1 0.425 1 0.391 [ 0.355 | 0.296 | 0.204 0.125
121 0.039|0.104 | 0.236 | 0.352 | 0.374 | 0.383 [ 0.441 | 0.469 | 0.426 | 0.351 [ 0.264  0.173 | 0.102
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0.381

122 0.028 | 0.085 | 0.205 | 0.324 | 0.362 | 0.371 | 0.405 | 0.413 [ 0.372]0.322 | 0.267 | 0.194 | 0.125
123 0.039{0.0830.201 {0.313|0.367|0.431 | 0.486 | 0.458 | 0.392 | 0.348 0.288 0.19210.105
124 0.020{0.07510.20410.339{0.396{0.417 {0.452 | 0.4590.403 }0.317{0.242|0.172{ 0.107
125 |0.044 0.096 | 0.203 | 0.327 {0.395]0.383 | 0.359 [ 0.389 [ 0.423 10.3_93 0.304 {0.194 | 0.101
126 0.0570.106 | 0.205 | 0.327(0.410(0.411 | 0.368 { 0.358 | 0.369 | 0.346 | 0.293 | 0.224 | 0.147
127 0.038(0.0870.200|0.338 ( 0.402 | 0.383 | 0.367 | 0.388 [ 0.397 | 0.359| 0.282 1 0.194 | 0.123
128 0.03710.097|0.206 | 0.319 | 0.378 ‘0.380 0.379]0.396 | 0.381 {0319 0.250 0.188(0.134
129 0.0530.0970.219]0.353 6.404 0.37810.3650.39710.3950.3230.235)0.163 0.112
130 0.050 [ 0.106 | 0.211 | 0.342 | 0.446 | 0.474 .(.).421 0.3810.381|0.347|0.267|0.179]0.109
131 0.0580.121 [0.201 { 0.302 | 0.420 | 0.465 { 0.419 | 0.397 [ 0.393 | 0.330 0.238 0.1610.104
132 0.02510.08210.215/0.346 10.38510.37210.406 1 0.470 1 0.463 | 0.365 | 0.248 1 0.158 | 0.104
133 0.05910.1030.20510.3180.370|0.3690.394. 0.451 {1 0.437 | 0.3280.219|0.151 | 0.109
134 0.045)0.095)0.210)0.336 1 0.389 | 0.380 } 0.383 | 0.424 | 0.441 | 0.388 0.295 0.19910.116
135 0.046 1 0.094 | 0.209 {0.331|0.379{0.3740.371 | 0.392 | 0.413 | 0.383 | 0.303 { 0.207 | 0.121
136 0.048(0.1020.208 | 0.326 0.3.93 0.39110.3580.355|0.377|0.356 | 0.2890.213 { 0.142
- 137 0.028 (0.0820.201 {0.325]0.378 | 0.368 [ 0.367 | 0.418 [ 0.461 | 0.422 [ 0.319 {0.200 | 0.103
138 0.02410.083 |1 0.205( 0.344 [ 0.4240.411 | 0.371 | 0.380 | 0.404 | 0.376 | 0.299 0.206 0.126
139 0.036(0.107 | 0.214|0.316 | 0.387 { 0.398 | 0.373 | 0.388 | 0.408 | 0.363 | 0.278 | 0.191 | 0.120
140 0.067(0.117{0.20110.311{0.384{0.416|0.461 | 0.485(0.42210.312(0.219{0.151 { 0.102
141 0.055]0.105|0.215{0.361 | 0.464 | 0.4830.431{0.379]0.364 | 0.3330.256|0.169 | 0.101
142 0.075]0.131{0.218{0.317 {0.399 | 0.438 [ 0.415| 0.382 [ 0.374 [ 0.331|0.245 | 0.168 | 0.110
143 0.05210.0900.20410.350(0.41110.38210.371 1 0.406 | 0.398 {0.313 1 0.222|0.161 {0.118
144 0.078|0.1180.208|0.319 | 0.381 | 0.398 | 0.405 | 0.407 | 0.399 | 0.353 | 0.273 | 0.194 | 0.124
145 0.02810.086 {0.21210.359 (0.437 | 0.421 0.38610.403 {0.368 10.28610.19210.116
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0.382

146 |0.036 0.402 | 0.405 0.269 0.109
147 - |0.035 0.454 | 0.434 |0.387 0.272 0.111
148 0.042 0.42310.415|0.388 0.260 0.104
149 |0.046 0.471{0.449|0.391 0.255 0.110
150 |0.053 0.449 | 0.430 | 0.391 0.249 0.104
151 0.087 0.389 [ 0.428 | 0.447 0.228 0.103
152 |0.048 0.374|0.384 [ 0.417 0.220 0.125
153 10.042 0.375 0.387 70.427 0.209 0.130
154 [0.075 0.436 | 0.454 | 0.387 0.217 0.104
155 [0.072 0.488(0.4810.376 0.222 0.118
156 [0.040 35710.504 {0.508 | 0.407 | 0.366 301(0.213 0.119
157 |0.047 0.455|0.420 | 0.357 0.223 0.132
158 ]0.053 0.403 | 0.413 | 0.369 0.276 0.122
159 {0.071 0.415[0.418 0355 10.260 0.126
160  ]0.050 0.4290.429(0.363 0.236 0.125
161 [0.056 0.386{0.420 | 0.400 0.226 0.121
162  |0.055 0.355(0.361|0.363 0.285 0.107
163 |0.063 0.403|0.411|0.363 0.291 0.118
164 |0.062 0.412]0.421 | 0.394 0.275 0.105
165  10.050 0.423 0.426 [0.379 0.240 0.101
166  0.047 0.411{0.459(0.438 0.262 0.112
167  |0.053 0.210]0.307 |0.405 | 0.466 0.39410.31110.212 0.122

Ve

0.44710
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Claims

1. A lens for an eye, the lens having an optical axis, a focal distance and
wherein the lens comprises:

an aberration profile along the optical axis, the aberration profile:

including higher order aberrations having at least one of a primary spherical
aberration component C(4,0) and a secondary spherical aberration component C(6,0),
herein the aberration profile provides, for a model eye with no aberrations and an on-axis
length equal to the focal distance:

a retinal image quality (RIQ) with a through focus slope that degrades in a direction
of eye growth; and

a RIQ of at least 0.3

wherein the RIQ is Visual Strehl Ratio measured substantially along the optical axis
for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial frequency range of
0 to 30 cycles/degree inclusive and at a wavelength selected from within the range 540 nm
to 580 nm inclusive; and

wherein the average slope over a horizontal field of at least -20° to +20° degrades in
a direction of eye growth.

2. The lens according to claim 1, wherein the focal distance is a prescription
focal distance for a myopic eye and wherein the focal distance differs from the focal distance
for a C(2,0) Zernike coefficient of the aberration profile.

3. The lens according to claim 1, wherein the lens is used for myopia control
with or without astigmatism.

4, The lens according to claim 1, wherein the higher order aberrations include at
least two spherical aberration terms selected from the group C(4,0) to C(20,0).

5. The lens according to claim 1, wherein the higher order aberrations include at
least three spherical aberration terms selected from the group C(4,0) to C(20,0).

6. The lens according to claim 1, wherein the magnitude of higher order
aberrations included is at least 0.02 um over a 3 mm, 4 mm, 5 mm or 6 mm pupil diameter.

7. The lens according to claim 1, wherein the average slope over a vertical field
of at least -20° to +20° degrades in a direction of eye growth.



177

8. The lens according to claim 1, wherein the aberration profile provides a RIQ
of at least 0.3 at the focal length substantially across the pupil diameters in the range 3 mm

to 6 mm.

9. The lens according to claim 1, wherein the aberration profile provides a RIQ
with a through focus slope that degrades in a direction of eye growth when primary or

secondary astigmatism is added to the aberration profile.

10 The lens according to claim 1, wherein the RIQ is characterised by:
[ 5% S () (((FT(IFT{A(p.8) +exp [’;,—'_“;w(p.e} T2

RIQ = —m } 7 T ==
I e €5F () «(((FT(|FT{4(p.8) vexp [T’_“swm £ree 120

wherein:

Fmin is O cycles/degree and Fmax is 30 cycles/degree;

CSF(x, y) denotes the contrast sensitivity function
CSF(F)=2.6(0.0192+0.114f)e-0-1140".1,

where f specifies the tested spatial frequency, in the range of Frin t0 Frmax;
FT denotes a 2D fast Fourier transform;

A(p,6) denotes the pupil diameter;

W(p,0) denotes wavefront phase of the test case measured for i=1 to 20;
k

I‘V(p, 6) = Z aizf (p: 6)
i=1
W(diff(p, 6) denotes wavefront phase of the diffraction limited case;
o and 6 are normalised polar coordinates, where p represents the radial coordinate

and 0 represents the angular coordinate or azimuth; and A denotes wavelength.

11. A lens for an eye, the lens having an optical axis, a focal distance and
wherein the lens comprises:

an aberration profile along the optical axis, the aberration profile:

including higher order aberrations having at least one of a primary spherical
aberration component C(4,0) and a secondary spherical aberration component C(6,0),
herein the aberration profile provides, for a model eye with no aberrations and an on-axis
length equal to the focal distance:

a retinal image quality (RIQ) with a through focus slope that degrades in a direction
of eye growth; and

a RIQ of at least 0.3

wherein the RIQ is Visual Strehl Ratio measured substantially along the optical axis
for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial frequency range of
0 to 30 cycles/degree inclusive and at a wavelength selected from within the range 540 nm



178

to 590 nm inclusive; and
wherein the average slope over a vertical field of at least -20° to +20° degrades in a

direction of eye growth.

12. The lens according to claim 11, wherein the focal distance is a prescription
focal distance for a myopic eye and wherein the focal distance differs from the focal distance

for a C(2,0) Zernike coefficient of the aberration profile.

13. The lens according to claim 11, wherein the lens is used for myopia control

with or without astigmatism.

14. The lens according to claim 11, wherein the higher order aberrations include

at least two spherical aberration terms selected from the group C(4,0) to C(20,0).

15. The lens according to claim 11, wherein the higher order aberrations include

at least three spherical aberration terms selected from the group C(4,0) to C(20,0).

16. The lens according to claim 11, wherein the magnitude of higher order

aberrations included is at least 0.02 um over a 3 mm, 4 mm, 5 mm or 6 mm pupil diameter.

17. The lens according to claim 11, wherein the average slope over a horizontal

field of at least -20° to +20° degrades in a direction of eye growth.

18. The lens according to claim 11, wherein the aberration profile provides a RIQ
of at least 0.3 at the focal length substantially across the pupil diameters in the range 3 mm

to 6 mm.

19. The lens according to claim 11, wherein the aberration profile provides a RIQ
with a through focus slope that degrades in a direction of eye growth when primary or

secondary astigmatism is added to the aberration profile.

20. The lens according to claim 11, wherein the RIQ is characterised by:
s+ Fmax

RIQ = «J-Fmin
[ gmin. €SF(a) «((FT(FT{A(p.8) sexp [ -swaif £ (0.0) [}

csF (xa) e ((FT(IFT{a(p ) sexp[Tew (2.0 [}I%0)

wherein:

Fmin is 0 cycles/degree and Fmax is 30 cycles/degree;

CSF(x, y) denotes the contrast sensitivity function
CSF(F)=2.6(0.0192+0.114f)e 11401,

where f specifies the tested spatial frequency, in the range of Fmin t0 Frax;
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FT denotes a 2D fast Fourier transform;
A(p,6) denotes the pupil diameter;

W(p,6) denotes wavefront phase of the test case measured for i=1 to 20;
k

I‘V(P, B) — Z aizf (F': E)
i=1
W(diff(p, 6) denotes wavefront phase of the diffraction limited case;
p and 6 are normalised polar coordinates, where p represents the radial coordinate

and 0 represents the angular coordinate or azimuth; and A denotes wavelength.

21. A lens for an eye, the lens having an optical axis, a focal distance and
wherein the lens comprises:

an aberration profile along the optical axis, the aberration profile:

including higher order aberrations having at least one of a primary spherical
aberration component C(4,0) and a secondary spherical aberration component C(6,0),
herein the aberration profile provides, for a model eye with no aberrations and an on-axis
length equal to the focal distance:

a retinal image quality (RIQ) with a through focus slope that degrades in a direction
of eye growth; and

a RIQ of at least 0.3

wherein the RIQ is Visual Strehl Ratio measured substantially along the optical axis
for at least one pupil diameter in the range 3 mm to 6 mm, over a spatial frequency range of
0 to 30 cycles/degree inclusive and at a wavelength selected from within the range 540 nm
to 590 nm inclusive; and

wherein the aberration profile provides a RIQ with a through focus slope that
degrades in a direction of eye growth when primary or secondary astigmatism is added to

the aberration profile.

22, The lens according to claim 21, wherein the focal distance is a prescription
focal distance for a myopic eye and wherein the focal distance differs from the focal distance

for a C(2,0) Zernike coefficient of the aberration profile.

23. The lens according to claim 21, wherein the lens is used for myopia control

with or without astigmatism.

24, The lens according to claim 21, wherein the higher order aberrations include
at least two spherical aberration terms selected from the group C(4,0) to C(20,0).

25, The lens according to claim 21, wherein the higher order aberrations include
at least three spherical aberration terms selected from the group C(4,0) to C(20,0).
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26. The lens according to claim 21, wherein the magnitude of higher order

aberrations included is at least 0.02 um over a 3 mm, 4 mm, 5 mm or 6 mm pupil diameter.

27. The lens according to claim 21, wherein the average slope over a horizontal

field of at least -20° to +20° degrades in a direction of eye growth.

28. The lens according to claim 21, wherein the average slope over a vertical field

of at least -20° to +20° degrades in a direction of eye growth.

29. The lens according to claim 21, wherein the aberration profile provides a RIQ
of at least 0.3 at the focal length substantially across the pupil diameters in the range 3 mm

to 6 mm.

30. (The lens according to claim 21, wherein the RIQ is characterised by:

r+Fmox
JJ—Fmin

) «W(p.B) ]}| z}}))
R[Q s r'+FmaX ; — .. It . - 2 il
U _pmin CSF(xy)«(((FT{|FT{A(p.8) +exp [T*Wd!fﬂ‘p!e) ]}I -

r byl
csp(x,_y}sc(((FT(IFT{\A(p,.B} aexp[ ;n

wherein:

Fmin is 0 cycles/degree and Fmax is 30 cycles/degree;

CSF(x, y) denotes the contrast sensitivity function
CSF(F)=2.6(0.0192+0.114f)e 0-1140""1,

where f specifies the tested spatial frequency, in the range of Frmin t0 Frax;
FT denotes a 2D fast Fourier transform;

A(p,6) denotes the pupil diameter;

W(p,6) denotes wavefront phase of the test case measured for i=1 to 20;
k

I/V(P, 6} == Z aiZf (ﬂ': 8)
i=1
W(diff(p, 6) denotes wavefront phase of the diffraction limited case;
p and 6 are normalised polar coordinates, where p represents the radial coordinate

and 0 represents the angular coordinate or azimuth; and A denotes wavelength.



