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Description

[0001] Ophthalmic lenses (also: "OLs") correct for optical errors of the eye, for example refractive errors such as
myopia, hyperopia and presbyopia as well as other errors such as astigmatism. OLs can be positioned outside the
human eye as, for example, spectacle lenses or contact lenses, which OLs can be monofocal (with one focal distance),
multifocal (with multiple focal distances) or progressive (with a range of focal distances). Monofocal OLs provide sharp
vision at a single focal distance and are most common, for example, as reading spectacles and most contact lenses.
Multifocal OLs provide at least two foci, for example, bi-focal spectacles and multifocal contact lenses, or, alternatively,
provide a continuous range of focal distances, as in, for example, progressive spectacles.
[0002] Intraocular lenses (also: "IOLs") are OLs which are positioned inside the human eye and which can be monofocal,
multifocal, progressive and accommodating (with variable focus). The inventions set forth in the present document can
be applied to all OLs, for example spectacles, for example bi-focal spectacles; IOLs will be used henceforth to illustrate
the principles and embodiments of said lenses.
[0003] IOLs are generally implanted by a surgeon after removal of the natural lens. Monofocal IOLs, diffractive and
refractive multifocal IOLs providing multiple (generally two or three foci) are most common. Accommodating IOLs,
providing a variable focus and driven by the accommodative process of the eye, are in development.
[0004] IOLs can be monofocal, providing monofocality, having a single focal distance. Monofocal IOLs in combination
with the natural optical elements of the eye allow to project a single sharp image of a single object plane on the retina.
IOLs can also be multifocal, providing multifocality, having multiple distinct focal distances. With multifocal IOLs a mix
of multiple sharp images of multiple object planes on the retina can be obtained. Additionally, the focal distance of the
lens can be fixed at manufacturing, as in fixed focus monofocal IOLs, or as in fixed multifocal IOLs.
[0005] Alternatively, the focal distances of the IOLs can be adjustable as in adjustable focus monofocal OLs (of which
the single focal distance is adjustable) and adjustable multifocal IOLs (of which at least one focal distance is adjustable).
Accommodating IOLs have a fixed focal distance at the resting state (in an emmetrope eye) and a variable focal distance
at the accommodative state. In accommodation the focal distance of the IOL depends on the degree of accommodation
of the eye. In adjustable accommodating IOLs the fixed focal distance of the lens is adjustable which is important for
obtaining emmetropia.
[0006] Diffractive IOLs combine a plurality of diffractive zones to provide multifocality. Diffractive multifocal IOLs have
a large number of steep transition zones which zones cause significant image degradation due to scattering of light. In
some cases diffractive IOLs may project ghost images, i. e. unwanted diffractive orders, on the retina leading to serious
disorders in visual perception.
[0007] Refractive multifocal IOLs do not result in image degradation caused by scattering because of smooth surfaces
and a limited number of transition zones. Such refractive multifocal IOLs include designs with a plurality of optical zones
as in US2006192919 and WO2007037690, designs with radial-symmetry as in WO0108605 and WO9206400, designs
with aspheric optical surfaces and with sloping optical surfaces along the azimuth as in WO0203126 and DE10241208
and designs including a smooth cubic phase mask as in US2003225455.

Explanation of figures

[0008]

Figure 1 shows a projection, 1, of an optical surface, 2, onto the XY plane of the coordinate system OXYZ, 3. The
radius-vector r0, 4, connects the point of origin O of the coordinate system with the centre O’ of the projected area
D. The radius-vector r, 5, denotes the coordinate of an arbitrary point P within D. The angle θ is the angle between
r and r0.
Figure 2 shows a chiral surface, 6, in this example a linear screw-type chiral surface with counter-clockwise chirality
in front of a flat mirror, 7. The mirrored image of the chiral surface, 8, is a linear screw-type surface in a clockwise
direction. Owing to chirality, the mirrored image can not be superimposed on the original by any combination of
rotation and translation.
Figure 3 shows a parabolic screw-type chiral surface, 9, in this example with counter-clockwise chirality, with a
transition zone, 10, and smooth chiral surface, 11.
Figure 4 shows a chiral surface, 12, composed, in this example, of two smooth, laterally shifted cubic surfaces, 13
and 14, with transition zones, 15 and 16.
Figure 5 shows an ophthalmic lens producing two discrete foci and comprising two optical surfaces 17, consisting
of the chiral surface, 12, explained in Fig. 4 and a smooth cubic surface, 18.
Figure 6 shows an ophthalmic lens providing continuous multifocality, illuminated by a collimated light beam (depicted
as a bundle of rays), 19, propagating along the optical axis, 20, and passing through a chiral ophthalmic lens, 21,
in this example with a parabolic screw-type chiral surface, with transition zone, 10, and smooth chiral surface, 11.
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The lens produces an extended, continuous range of defocus, 22.
Figure 7 shows an ophthalmic lens providing discrete multifocality, illuminated by a collimated light beam (depicted
as a bundle of rays), 19, propagating along the optical axis, 20, and passing through a chiral ophthalmic lens, 23,
in this example a lens comprising two parabolic screw-type surfaces, with angularly non-overlapping transition zones,
24 and 25, on the anterior and posterior surfaces, respectively. After refraction by the lens the light rays converge
towards two discrete foci, 26 and 27, along the optical axis.
Figure 8 shows the front view of the ophthalmic lens, 23, depicted in Fig. 7 with two non-overlapping transition
zones on the anterior and posterior surfaces. The dashed line, 24, represents the transition zone on the anterior
surface of the lens and a solid line, 25, represents the transition zone on the posterior surface of the lens.
Figure 9 shows an ophthalmic lens providing adjustable multifocality, illuminated by a collimated light beam (depicted
as a bundle of rays), 19, propagating along the optical axis, 20, and passing through an anterior chiral optical element,
28, and a posterior chiral optical element, 29, with angularly non-overlapping transition zones, 30 and 31. The lens
produces two discrete foci, 32 and 33, in the direction of the optical axis. In this example each optical element of
the lens comprises a parabolic screw surface and the posterior element is used for adjustability - by its rotation, 34,
the refractive power of the multifocal lens can be adjusted in a way that the focal regions move simultaneously, 35
and 36, along the optical axis.

Chiral optical surfaces

[0009] A chiral optical surface is a surface of an optical element providing chiral phase modulation of light. For example,
a chiral surface of a refractive optical element made of a material with a constant refractive index is a chiral optical
surface. In mathematical terms, a three-dimensional surface is defined to be chiral if it is not invariant under parity
transformation. This means that the mirror image of the surface can not be mapped onto the original by any rotations
and translations, see Fig. 2. Definitions of chirality are given, for example, by M. Petitjean (J. Math. Phys. 43, 4147-4157,
2002) and Salomon et al. (J. Mater. Chem. 25, 295-308, 1999), both documents are included in this document by
reference. The degree of chirality can be quantified in terms of topological charge or continuous chirality measure.
[0010] Chiral optical surfaces, in the context of this document, are characterized by certain steepness in radial and
azimuthal directions. The steepness can progress either linearly or non-linearly according to any function which does
not break the required chiral symmetry of the surface. Chiral optical surfaces can also include, but not necessarily so,
at least one transition zone, for example, as shown in Fig. 3.
[0011] A chiral optical surface can be constructed from virtually any optical shape including parabolic, spherical,
prismatic shapes etc. For example, consider a cubic surface defined by 

in the coordinate system OXYZ, see Fig. 1, with the Z axis along the optical axis; U is the surface steepness measured,
for example, in [mm-2]; a and b are the dimensionless constants, usually a = b when the X - and Y - axes have equal
scales. According to US-A-3305294, a pair of such cubic elements (a = b), mutually shifted along the X axis, can produce
a variable-focus lens. Applying parity transformations (x, y) → (-x, y) or (x, y) → (x,-y) can be easily found that this surface
is not chiral. However, a combination of the two cubic surfaces can be made chiral, for example, a composite surface
defined by 

where x0 is the constant of shift, U1 and U2 are the surface steepness parameters (generally U1 ≠ U2), is a chiral surface.
The surface defined by Eq. (2) is shown in Fig. 4.
[0012] By analogy with US2003225455, which describes one cubic surface on one optical element for an extended
depth of field (EDF) intraocular lens, it can be noted that the chiral composite surface defined by Eq. (2) also provides
continuous multifocality, or EDF. The multifocality ranges are determined by the parameters U1 and U2 in combination
with x0 and can be chosen different providing two distinct multifocality zones (along the optical axis). Similarly, with an
optical element comprising three cubic surfaces three distinct multifocality zones can be obtained etc.
[0013] The man skilled in the art can easily conclude that the combination (as in US-A-3305294) of an optical surface
defined by Eq. (2) with a cubic optical surface given by Eq. (1), as shown in Fig. 5, results in a lens with two distinct foci.
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These foci can be separated along the optical axis, Z - axis, and in the XY -plane (when linear tilt, i. e. wedge prism, is
added to one of the optical surfaces).

Mathematical framework

[0014] Assuming that a pair of identical optical elements is superimposed to form a variable-focus lens centred at the
point O’ and, in cylindrical coordinates, each of the elements is specified by the function 

where z is the thickness of the element, r is the radius and ϑ is the polar angle and the point O’ characterized by the
vector r0 is the centre of the optical surface with the area D, see Fig. 1. Let O be the centre of rotation, then if one element
is rotated by + Δϑ and another element is rotated by - Δϑ the resulting thickness becomes 

[0015] Taking the rotation-dependent thickness of a resulting variable-focus lens in the form 

i. e. the optical power of the lens changes linearly with Δϑ, A being the amplitude coefficient, applying Taylor expansions
to Eqs. 4 and 5 it can be found 

[0016] Note that if | ϑ |<< 1 Eq. (5) simplifies to 

[0017] The approximation of the unknown function S(r, ϑ) at | ϑ |<< 1 can be determined from the differential equation 

[0018] The general solution of Eq. (8) takes the form 

where C is the integration constant. Using Eq. (9) the resulting thickness given by Eq. (4) becomes 

[0019] The residual term (Δϑ)3 Arr0 /3 is a cone with a vertex at the origin O. The steepness of the cone changes
cubically along with Δϑ.
[0020] Consider now an extreme case when the centre of rotation O is located at infinity, or | r |,| r0 |→ ∞. In this case
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the rotation is equivalent to a linear shift which is convenient to represent in Cartesian coordinates 

[0021] Eq. (9) to take the form 

which coincides with the main term of cubic surfaces described in US-A-3305294 by L. Alvarez. A pair of Alvarez
elements, being reciprocally displaced, produces a variable-focus parabolic lens with the optical power changing linearly
with the lateral shift.
[0022] In another extreme, when the centre of rotation O coincides with the lens centre O’, or r0 = 0, Eq. (9) simplifies to 

and the resulting angle-depended thickness, as defined by Eq. (4), becomes 

[0023] Equation (13) determines the thickness of a parabolic screw-type chiral optical element. In the simplest con-
figuration when one surface of the optical element is flat, another surface is a parabolic screw-type chiral surface, or
alternatively, a parabolic chiral optical surface, as illustrated in Fig. 3.
[0024] It should be noted that implementations of adjustable refractive power from rotation have been described in a
prior art document "Adjustable refractive power from diffractive moire elements," by S. Bernet and M. Ritsch-Marte, Appl.
Optics 47, 3722-3730 (2008), which document is included in the present document by reference. However, the authors
limited the study to diffractive optical elements (DOEs) only. Their design resulted in a varifocal Fresnel lens with an
additional sector lens of a different optical power. An optimized DOE design was suggested to avoid the additional sector
lens.
[0025] As seen from Eq. (14), the optical power of a variable-focus lens centered at O’ is proportional to ΔϑA and
changes linearly with the angle of rotation Δϑ. However, this expression is valid only for the angular sector Δϑ ≤ ϑ < 2π
- Δϑ. The sectors 0 ≤ ϑ < Δϑ and 2π - Δϑ ≤ ϑ < 2π result in an optical power proportional to ΔϑA - πA. So, the variable-
focus lens with two mutually rotated screw-type chiral optical elements produces two distinct foci, see Figs. 7-9. Note
also that the light intensities in the foci are proportional to 2(π - Δϑ) and 2Δϑ respectively.
[0026] For example, using formulas from W.J. Smith, Modern Optical Engineering, 3-rd. ed. (McGraw-Hill, New York,
2000), the optical power Φ, i. e. inverse focal length, of the lens combination comprising two mutually rotated screw-
type chiral optical elements made of a material with the index of refraction n becomes 

when Δϑ ≤ ϑ < 2π - Δϑ and 

when 0 ≤ ϑ < Δϑ and 2π - Δϑ ≤ ϑ < 2π.
[0027] It can be proven mathematically that a single chiral optical element with the thickness function according to Eq.
(13) produces an effective multifocality, i. e. EDF. Making use of the general expression for the optical transfer function
(OTF) of an incoherent optical system, i. e. an eye with an implanted chiral optical element, see J.W. Goodman, Intro-
duction to Fourier Optics, (Roberts&Company, 2005), in the paraxial approximation it can be easily found that 
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where H is the defocused OTF, ϕ is the defocus parameter (see J.W. Goodman for explanations), and ωr and ωα are
the spatial frequency in polar coordinates 

where ωx and ωy are the corresponding spatial frequencies in the Cartesian coordinates. So, as seen from Eq. (17),
defocusing does not lead to degradation of the resulting image (on the retina) but only rotation of the image. This rotation
can be made very small by maximizing the steepness parameter A. Figure 6 represents an ophthalmic lens comprising
a single chiral optical element with continuous multifocality.

The present invention

[0028] The present invention discloses adjustable monofocal and multifocal ophthalmic lenses which comprise chiral
optical surfaces providing a chiral modulation of the light beam. Chiral optics are particularly suited for this application
and not even hinted at in any prior art document.
[0029] WO-A-2009/012789 discloses an adjustable multifocal intraocular lens comprising at least two optical elements,
each optical element comprising an optical surface and positioning means adapted to position both optical elements in
the eye.
[0030] The present invention as defined in the claims provides an intraocular lens of the kind referred to above, wherein
both optical surfaces are chiral refractive optical surfaces adapted to provide chiral modulation of the light beam, the
combination of the chiral refractive optical surfaces is adapted to provide at least two adjustable foci, and wherein the
combination of the chiral refractive optical surfaces is adapted such that the focal distance of the adjustable foci depends
on the mutual position of the chiral optical surfaces.
According a preferred embodiment the mutual position is the mutual rotational position of the chiral optical elements
around any axis parallel to the optical axis, the optical elements are located concentrically and wherein the rotation is a
rotation around the central axis of the optical elements.
Preferably at least one of the optical elements comprises an optical surface component adapted to correct at least one
aberration of the eye or at least one aberration of the lens itself.
[0031] Further it is advantageous if at least one of the chiral optical surfaces is a parabolic chiral optical surface.
An adjustable opththalmic lens can be an adjustable ophthalmic multifocal lens comprising at least one optical element
comprising at least one correction optical surface and at least two chiral optical surfaces, or, alternatively, an adjustable
opththalmic lens can be an adjustable ophthalmic multifocal lens comprising at least two optical elements comprising
at least one correction optical surface and at least two chiral optical surfaces. Chiral optical surfaces included in ophthalmic
lens can include at least one transition zone and chiral optical surfaces for multifocal optical arrangements adapted to
provide multifocality must include at least one transition zone which must be combined with additional transition zones
of additional chiral optical surfaces, combined in certain configurations. So, a combination of at least two chiral optical
surfaces including at least one transition zone included in each chiral optical surface, with transition zones in a non-
overlapping configuration, is required to provide multifocality.
[0032] For example, for adjustable multifocal lenses, a combination of two chiral optical surfaces can be adapted such
that the combination provides adjustability and projects, at one extreme position of the optical elements, two foci of equal
intensity and, at the other extreme position of the elements, one single focus with an intensity equal to the combined
said two foci, i. e. the total energy remains constant irrespective of distribution over the optical axis. Radial extended
transition zones in parallel on the same axis which do not overlap provide for two foci of equal intensity by combining a
discrete sector, for example, discrete halve, of each chiral optical surface with a discrete sector of another chiral optical
surface. Radial extended transition zones in parallel on the same axis with complete overlap provide one focus and the
optical function of the multifocal arrangement is reduced to a planar function because the chiral modulation of chiral
elements of opposite signs cancel each other out. In the case of parabolic chiral optical surfaces the parabolic function,
in this example a focusing function, might remain and add to the total focusing power of the ophthalmic lens in combination
with the focusing power of additional correction optical arrangement. Rotational positions of the transition zones in
between these extremes will result in variable relative intensities of the foci, with one focus decreasing in intensity in
accordance with clockwise rotation, the other focus in accordance with counter-clockwise rotation. Such adjustable
multifocal lens provides ample freedom for adjustment. For example, an adjustable discrete multifocality can provide a
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discrete multifocal lens with, for example, two foci, for example, one focusing the eye at a distance and one at a reading
distance, of which the relative intensity can be adjusted, providing a lens for distance vision only, or a lens for reading
vision only, or a lens for any combination of distance vision and reading vision in between these extremes.
[0033] The distance of the foci depends on the design, steepness, of the chiral optical surfaces but, most important,
on the relative position of the chiral surfaces, which can be a relative rotational position. So, adjustment can be achieved
by rotating the optical elements versus each other. Said rotation can be any rotation, including rotation with the rotation
axis positioned on the optical elements, for example, positioned in the centre of the optical elements, in a configuration
resembling a cart-wheel, or on the rim of the optical elements, in a configuration resembling a fan, an example of such
fan-like construction illustrated in, for example, EP0187177, or rotation with the rotation axis positioned outside of the
optical elements, a configuration providing a dominantly fan-like rotation at close distances and, at increasing distance,
a configuration providing a combination of fan-like rotation and shift, eventually providing, at infinite distance, a pure
linear shift of the optical elements, with chiral optical surfaces adapted to provide for desired optical functions for said
specific rotational configurations.
[0034] An optical element comprises two optical sides with shapes according to at least one optical function, for
example, a free-form surface, for example, a chiral surface or at least one cubic surface which surface can be combined
with a, for example, a parabolic surface or a spherical lens surface, or with a planar surface.
[0035] The lens can be an adjustable intraocular ophthalmic lens, adjustable intraocular lens, adjustable IOL, which
lens can be an adjustable monofocal intraocular lens or, alternatively, an adjustable multifocal intraocular lens, of which
lenses the relative position of the optical elements is adjusted occasionally, by external means, for example, a yearly
adjustment by an eye-surgeon to adjust the lens for, for example, refractive drift of the eye. IOLs are implanted in the
eye by a surgeon to correct optical disorders of the eye, for example, to correct for presbyopia. Monofocal intraocular
lenses project one sharp, in-focus, sharp, image on the retina. Multifocal intraocular lenses project multiple overlapping
sharp images of multiple object planes simultaneously, for example, two overlapping sharp images of an object at a
close distance and an object at a larger distance. Patients with monofocal lenses generally require progressive spectacles
for sharp vision over an extended range, patients with multifocal lenses generally require monofocal spectacles, patients
with accommodative IOLs are generally spectacle free. So, IOLs can thus be constructed according to the descriptions
disclosed in the present document for implantation in the human eye to provide a combination of at least two foci,
multifocality, and correction of at least one optical disorder of the eye. Alternatively, the lens can be fitted in a construction
which construction is adapted to provide continuous adjustment of the optical elements by the accommodative process
of the eye itself allowing the eye to accommodate.
[0036] At least one chiral optical surface of the ophthalmic lens (disclosed in the present document) may comprise a
parabolic chiral surface, or parabolic screw-type chiral surface, as shown in Fig. 3. Such parabolic chiral surface, taking
alone, provides optical multifocality, i. e. EDF. Two parabolic surfaces can provide adjustable multifocality, or, in case
of optical diffractive elements, adjustable single focus and can be included in ophthalmic lenses of a thin design. The
chiral optical surfaces can be asymmetrical, largely free-form optical surfaces, preferably parabolic chiral optical surfaces
which have proven to provide quality optics because of an absence of zero values in the spatial spectrum, usually in the
neighborhood of the zero region of the spectrum, which preserves information, alternatively, provides a maximum S/N
ratio (meaning, for example, low light scattering). The two chiral optical surfaces are of opposite chirality, alternatively,
right-handed or left-handed, but not necessarily of equal steepness. The preferred embodiment includes chiral optical
surfaces with a shape according to z = Ar2ϑ within the circular pupil of the eye, with z the surface sag, r the radial
coordinate, ϑ the polar angle in the plane of the surface, and A the mask steepness, or, in alternative coordinates,
according to z = φ(r,ϑ) = Ar2ϑ, defined in a pupil of a unit radius, with r the radial coordinate and, in this notation, ϑ the
polar angle in the transverse plane. Degrees of steepness, polar angle, and rotation of the chiral optical surfaces relative
provide design parameters with angular steepness, which is in this context the partial derivative with respect to the polar
angle being linear or non-linear which also applies to radial steepness, which is in this context the partial derivative with
respect to the radius. The chiral optical surface includes a central point of origin and a radial transition zone which is not
chiral. So, alternatively, a chiral optical surface can be composed which does not include said point of origin nor the
transition zone. An adapted cubic surface can be chiral optical surfaces, as shown in Fig. 4, to be included in lenses
disclosed in the present document, or, alternatively, any other chiral surfaces can be chiral optical surfaces to be included
in lenses disclosed in the present document.
[0037] Said adjustable ophthalmic lenses can include at least one chiral optical surface which surface can be a diffractive
chiral optical surface, or, alternatively, which surface can be a refractive chiral optical surface, or, alternatively, a com-
bination of optical surfaces can include at least one diffractive optical surface and at least one refractive optical surface.
Reflective, mirror-like, surfaces can be adapted to provide chiral modulation, and such surfaces remain an option to be
included in ophthalmic lenses, however, reflective surfaces are, at present, not practical to be included in ophthalmic
lenses.
[0038] [12, 13] Adjustable intraocular ophthalmic lens construction can comprise chiral intraocular optics including at
least one chiral optical surface as described in the present document and also positioning means (also: haptics) to
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position the lens construction in the human eye.
Also, an adjustable spectacle construction can comprise spectacle optics and positioning means (also: spectacle frame)
to position the spectacle construction in front of the human eye with the spectacle construction comprising at least one
chiral spectacle lens including at least one chiral optical surface as described in the present document.
[0039] A single chiral surface providing chiral modulation, or, alternatively, multiple chiral surfaces of which the transition
zones precisely overlap, can be adapted to provide continuous multifocality, a range of gradually increasing focal dis-
tances projecting the image on the retina simultaneously. Such lenses support projection of an infinite number equally
sharp images of a defined continuous range of object planes on the retina. Continuous multifocality is referred to as
Extended Depth of Focus (EDF) in the technical literature. EDF results in, a generally minor, overall blur of the image
and consequently in reduced image contrast. A single chiral optical surface with one transition zone, or a completely
smooth chiral optical surface, with no transition zones, provides continuous multifocality, as do multiple chiral optical
surfaces of which the transition zones precisely overlap. So, combinations of ophthalmic lenses which have no transition
zones, or limited number of transition zones, can provide continuous multifocality with an effect comparable to the lens
disclosed in US2003225455 which lens comprises not chiral optical surfaces but a single cubic optical surface. So,
continuous multifocality can be provided by an ophthalmic lens including at least one optical element. The range over
which the sharpness stretches along the optical axis and the degree of sharpness along said range depends mainly on
the steepness parameter of the chiral optical surface. The focal distance of the range, i. e. a distance defined as, for
example, the distance of centre of the range to the principal plane of the ophthalmic lens, depends mainly on the focusing
power of correcting optics in combination with the focusing power of the eye. Such continuous multifocal lenses can be
adapted as ophthalmic lenses, OLs, including intraocular lenses, IOLs.
[0040] Note also that combinations of chiral optical surfaces with different degrees of steepness, of opposite sign, will
provide combinations of discrete multifocality and continuous multifocality, which combinations, albeit complex combi-
nations, can be adapted to fit complex requirements of particular eyes.
[0041] More than two chiral surfaces distributed over at least two optical elements can be adapted to provide an
adjustable continuous multifocal lens in which the dimensions of the range of sharpness can be varied in a fixed com-
bination with the degree of sharpness, for example from a limited range in the direction of the optical axis in combination
with a relative high degree of sharpness to an extended range along the optical axis in combination with a relative low
degree of sharpness, or, in alternative terms, extension of range in the direction of the optical axis, the Z - direction will
result in extension of range in the direction of the X - or Y - axis or in a direction of a combination thereof.
[0042] Ophthalmic lenses set forth above can be positioned in front of the eye, for example as a spectacle lens, with
the lens fitted with required positioning means, for example, a spectacle frame, or positioned on top of the eye, as a
contact lens, with the lens fitted with required positioning means, for example, a contact lens rim to fit the cornea, or
positioned and fixed in a suitable position inside the eye, as an intraocular lens, in the anterior chamber of the eye or in
the posterior chamber of the eye, as a phakic IOL or as an aphakic IOL fitted with required positioning means, for
example, haptics. Alternatively, the chiral surfaces can be distributed over different vision aids as in: spectacles can
comprise one chiral surface and a contact lens the other chiral surface, or, alternatively, spectacles one chiral surface
and an intraocular lens the other chiral surface, or, alternatively, the intraocular lens one chiral surface and a contact
lens the other chiral surface.
[0043] Multifocal ophthalmic lenses disclosed in the present document can comprise refractive optical arrangements
as in traditional spectacle lenses, contact lenses and intraocular lenses, or comprise reflective optical arrangements, as
in, for example, intraocular telescopes for treatment of macular dystrophy, as in, for example, US7008448 and
WO03082155 or diffractive optical arrangements as in diffractive multifocal intraocular lenses, or combinations of re-
fractive, reflective and diffractive optical arrangements.
[0044] Ophthalmic lenses set forth above can be positioned in front of the eye, for example as a spectacle lens, with
the lens fitted with required positioning means, for example, a spectacle frame, or positioned on top of the eye, as a
contact lens, with the lens fitted with required positioning means, for example, a contact lens rim to fit the cornea, or
positioned and fixed in a suitable position inside the eye, as an intraocular lens, in the anterior chamber of the eye or in
the posterior chamber of the eye, as a phakic IOL or as an aphakic IOL fitted with required positioning means, for
example, haptics. Alternatively, the chiral surfaces can be distributed over different vision aids as in: spectacles can
comprise one chiral surface and a contact lens the other chiral surface, or, alternatively, spectacles one chiral surface
and an intraocular lens the other chiral surface, or, alternatively, the intraocular lens one chiral surface and a contact
lens the other chiral surface.
[0045] Multifocal ophthalmic lenses disclosed in the present document can comprise refractive optical arrangements
as in traditional spectacle lenses, contact lenses and intraocular lenses, or comprise reflective optical arrangements, as
in, for example, intraocular telescopes for treatment of macular dystrophy, as in, for example, US7008448 and
WO03082155 or diffractive optical arrangements as in diffractive multifocal intraocular lenses, or combinations of re-
fractive, reflective and diffractive optical arrangements.
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Claims

1. Adjustable multifocal intraocular lens comprising:

- at least two optical elements (28, 29), each optical element comprising an optical surface; and
- positioning means adapted to position both optical elements in the eye,

characterized in that:

- both optical surfaces are chiral refractive optical surfaces adapted to provide chiral modulation of a light beam
(19),
- the combination of the chiral refractive optical surfaces is adapted to provide at least two adjustable foci (32,33),
and
- that the combination of the chiral refractive optical surfaces is adapted such that the focal distance of the
adjustable foci (32,33) depends on the mutual position of the chiral optical surfaces.

2. Lens according to claim 1, characterized in that the mutual position is the mutual rotational position of the chiral
optical elements around any axis parallel to the optical axis (20), that the optical elements (28, 29) are located
concentrically and that the rotation is a rotation around the central axis of the optical elements.

3. Lens as claimed in claim 1 or 2, characterized in that at least one of the optical elements (28, 29) comprises a
surface component adapted to correct at least one aberration of the eye or at least one aberration of the lens itself.

4. Lens according to claim 1, 2 or 3, characterized in that least one of the chiral optical surfaces is a parabolic chiral
optical surface.

Patentansprüche

1. Einstellbare Multifokalintraokularlinse, umfassend:

- mindestens zwei optische Elemente (28, 29), wobei jedes optische Element eine optische Oberfläche umfasst;
und
- Positionierungsmittel, die dazu ausgelegt sind, beide optische Elemente im Auge zu positionieren,

dadurch gekennzeichnet, dass:

- beide optische Oberflächen chirale refraktive optische Oberflächen sind, die dazu ausgelegt sind, chirale
Modulation eines Lichtstrahls (19) bereitzustellen,
- die Kombination der chiralen refraktiven optischen Oberflächen dazu ausgelegt ist, mindestens zwei einstell-
bare Brennpunkte (32, 33) bereitzustellen, und
- dass die Kombination der chiralen refraktiven optischen Oberflächen derart ausgelegt ist, dass die Brennweite
der einstellbaren Brennpunkte (32, 33) von der wechselseitigen Position der chiralen optischen Oberflächen
abhängt.

2. Linse nach Anspruch 1, dadurch gekennzeichnet, dass die wechselseitige Position die wechselseitige Drehposition
der chiralen optischen Elemente um eine beliebige parallel zur optischen Achse (20) verlaufende Achse ist, dass
die optischen Elemente (28, 29) konzentrisch angeordnet sind und dass die Drehung eine Drehung um die mittlere
Achse der optischen Elemente ist.

3. Linse nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass mindestens eines der optischen Elemente (28, 29)
eine Oberflächenkomponente umfasst, die dazu ausgelegt ist, mindestens eine Aberration des Auges oder min-
destens eine Aberration der Linse selbst zu korrigieren.

4. Linse nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dass mindestens eine der chiralen optischen Ober-
flächen eine parabolische chirale optische Oberfläche ist.
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Revendications

1. Lentille intraoculaire multifocale réglable comprenant :

- au moins deux éléments optiques (28, 29), chaque élément optique comprenant une surface optique ; et
- des moyens de positionnement adaptés pour positionner les deux éléments optiques dans l’oeil,

caractérisée en ce que :

- les deux surfaces optiques sont des surfaces optiques réfractives chirales adaptées pour assurer une modu-
lation chirale d’un faisceau de lumière (19),
- la combinaison des surfaces optiques réfractives chirales est adaptée pour fournir au moins deux foyers
réglables (32, 33), et
- en ce que la combinaison des surfaces optiques réfractives chirales est adaptée pour que la distance focale
des foyers réglables (32, 33) dépende de la position mutuelle des surfaces optiques chirales.

2. Lentille selon la revendication 1, caractérisée en ce que la position mutuelle est la position de rotation mutuelle
des éléments optiques chiraux autour de tout axe parallèle à l’axe optique (20), en ce que les éléments optiques
(28, 29) sont situés concentriquement et en ce que la rotation est une rotation autour de l’axe central des éléments
optiques.

3. Lentille selon la revendication 1 ou 2, caractérisée en ce qu’au moins l’un des éléments optiques (28, 29) comprend
un composant de surface adapté pour corriger au moins une aberration de l’oeil ou au moins une aberration de la
lentille elle-même.

4. Lentille selon la revendication 1, 2 ou 3, caractérisée en ce qu’au moins l’une des surfaces optiques chirales est
une surface optique chirale parabolique.
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