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MULTIFOCAL OPHTHALMIC LENSES AND PROCESSES FOR THEIR
PRODUCTION

Field of the Invention
The invention relates to multifocal ophthalmic lenses. In particular, the

invention provides lenses that have more than one optical power, or focal length, and

a smooth transition between the zones of differing power.

Background of the Invention
As an individual ages, the eye is less able to accommodate, or bend the
natural lens, to focus on objects that are relatively near to the observer. This
condition 1s known as presbyopia. Similarly, for persons who have had their natural

lens removed and an intraocular lens inserted as a replacement, the ability to

accommodate is totally absent.

Among the methods used to correct for the eye’s failure to accommodate are
lenses that have more than one optical power. In particular, contact and intraocular
lenses have been developed in which zones of distance, near, and intermediate
power are provided. These lenses are disadvantageous because they are difficult to
manufacture. Additionally, the lenses do not provide a smooth transition between

the zones of differing refractive power.

Attempts to provide a smooth transition between zones of differing power
have been made. For example, United States Patent Nos. 4,898,461 and 5,877,839
disclose the use of multiple power zones, the power of each zone varying within the
zone. However, the disclosed lens is difficult to manufacture and does not provide
sufficient area for any one refractive power to be effective. Therefore, a need still
exists for a multifocal lens that provides a smooth transition between varying power

Z0nNes.
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Detailed Description of the Invention and Preferred Embodiments

The invention provides multifocal lenses, and methods for producing the
lenses, in which a smooth power transition 1s achieved between zones of differing
power. The lenses of the invention also are advantageous 1n that the lenses are more

easily manufactured than conventional lenses.

In one embodiment, the invention provides a lens comprising, consisting
essentially of, and consisting of at least two concentric, annular zones of alternating
refractive power, each annular zone of a width and a radius of curvature suitable for
forming a junction therebetween comprising, consisting essentially of, and

consisting of a multifocal power transition zone.

By “lens’ is meant a contact, an intraocular lens, a corneal implant lens, an
onlay lens, and the like, or combinations thereof. Preferably, the ienses of the
invention are contact lenses. By “multifocal power transition zone’ 1s meant a zone

of continuously increasing or decreasing refractive power.

It is an unexpected discovery of the invention that, in a lens with concentnc,
annular zones of alternating refractive power, a smooth power transition between the
zones may be provided by the selection of certain widths and curvatures for the
annular zones. It is another unexpected discovery of the invention that the effect of
the transition power zone may be augmented by selection of certain matenals to
form the lens, the selection of the number of annular zones used, and combinations
thereof. The invention simplifies the production of multifocal lenses by eliminating
the need for the formation of a discrete zone of power intermediate that of the

alternating power zones.
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In the lenses of the invention, at least two, concentric annular zones are
provided. In the case of a contact lens, the anﬁular zones will be within the lens’
optic zone. One of the annular zones is of a refractive power substantially equal to
the distance optical power, or power required to correct the lens wearer’s distance
vision acuity. The distance optical power zone alternates with a zone of refractive
power substé.ntially equal to that of the near optical power, or power required to

v/

correct the lens wearer’s near vision acuity.

It 1s an unexpected discovery of the invention that, in lenses containing such
annular zones, by selecting certain widths and radii of curvature for the annular
zones, a muitifocal power transition zone may be formed between the zones. More
specifically, a multifocal power transition zone may be formed in a contact lens by
selecting a width for each annular zone that is within about 0.5 to about 2, preferably
about 0.5 to about 1.25 mm, of that of the directly adjacent annular zone or zones,
while maintaining a radius of curvature difference between the zones of about 0.075

to about 0.73, preferably about 0.075 to about 0.75 mm.

It is a further unexpected discovery of the invention that the multifocal
power transition zone effect may be increased or decreased depending on the
matenal selected for the lens. Preferably, the material selected for forming the
lenses of the invention is a low modulus material. By “low modulus™ is meant a

modulus of about 20 to about 60, preferably about 20 to about 40 psi.

Surtable matenials for forming contact lenses of the invention include,
without limitation, silicone elastomers, silicone-containing macromers including,
without limitation, those disclosed in United States Patent Nos. 5,371,147,
5,314,960, and 5,057,578,
hydrogels, silicone-containing hydrogels, and the like and combinations thereof.
More preferably, the surface is a siloxane, or contains a siloxane functionality,

including, without limitation, polydimethyl siloxane macromers,
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methacryloxypropyl polyalkyl siloxanes, and mixtures thereof, silicone hydrogel or

a hydrogel, such as etafilcon A.

In a preferred embodiment, the invention provides a lens comprising,
consisting essentially of, and consisting of a low modulus material and at least two
concentric, annular zones of alternating refractive power, each annular zone of a
width and a radius of curvature suitable for forming a junction therebetween
comprising, consisting essentially of, and consisting of a multifocal power transition

201N¢€.

The form of the transition zone in a power profile of the lens may take any of
a variety of shapes including, without limitation, sinusoidal, triangular, elliptical, or
the like. Preferably, the annular zone widths and radii, and the material forming the
lens are selected so that the power profile of the lens assumes a sinusoidal or

elliptical shape.

The power imparted by the multifocal transition zones may be further
enhanced by selection of the number of annular zones used in the lens. For example,
if a large number of zones are used, the power imparted by the transition zones will
be greater than in a lens with a lesser number of zones. However, use of too great a
number of zones may result in the lens imparting only intermediate refractive power.
Thus preferably, for contact lenses, the number of zones used is about 4 to about 7,
more preferably the lens has a central distance or near optical power zone
surrounded by 3 zones of distance alternating with 3 zones of near optical power.
The annular zones may be on either or both the concave or convex lens surface, but

preferably are on the concave surface. The power increase or decrease on the

transition zone will be about 0.5 to about 3 diopters.
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In one embodiment, a pair of lenses is provided in which the central portion
of the optic zone of each lens provides optical power substantially equal to the
distance optical power. Annular zones of alternating distance and near optical
power surround the central zone. Preferably, the rings and the central zone are on
the same surface of the lens, more preferably both being on the concave lens surface.
Alternatively, one lens may be as above-described, the other lens of the pair having
a central zone with power substantially equal to the near optical power and

surrounded with alternating near and distance optical power annular zones.

In a preferred embodiment, the invention provides the wearer with a pair of
ophthalmic lenses, one lens to be worn in the dominant eye and one to be worn in
the non-dominant eye. By “dominant eye” is meant the eye that predominates for
distance vision. The lens worn by the dominant eye has a surface, preferably the
convex surface, with a central optic zone with the desired distance optical power and
a surface, preferably the concave surface, that has at least two concentric annular
zones 1n 1ts optic zone. The power of each of the at least two annular zones is
substantially equal to that of the distance optical power. Either or both the convex
and concave surfaces may have additional annular zones with distance optical
power, near optical power, or combinations thereof. Preferably, one surface, more
preferably the convex surface, has only the central optical zone and no annular
zones, the opposite surface, preferably the concave surface, in this embodiment
having at least two annular zones of either or both distance and near optical power.
More preferably, the convex surface has only a central optical zone having the
distance optical power, the concave surface having at least two zones of the distance

optical power and one or more annular zones of near optical power.

Further 1n this embodiment, the lens worn by the non-dominant eye has a
surface, preterably the convex surface, with a central optic zone with substantially
the desired near optical power. The opposite surface, preferably the concave

surface, has at least two concentric annular zones in its optic zone. The power of
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each of the at least two annular zones is substantially equal to that of the near optical
power. Either or both the convex and the concave surface have additional annular

zones with distance optical power alternating with those having near optical power.

For the vanous contact lens embodiments, typically the lens will be
constructed with one or both of a non-optical lenticular zone and peripheral zones.
The ratio of the contact lenses’ optic zone to be devoted to distance and near optical
pawers may be determined as disclosed in United States Patent
Nos. 5,835,192, 5,485,228 and 5,448,312,

In all embodiments of the lenses of the invention, the distance and near
optical powers may be aspherical or spherical powers, but preferably are sphencal.
The lenses may have any of a number of a variety of corrective optical
characteristics incorporated onto the surfaces in addition to distance and near optical
powers, such as, for example, cylinder power.

The lenses of the invention may be formed by any conventional method. For
example, contact lenses with the annular zones formed therein may produced by
diamond-turning using alternating radii. The zones may be diamond-turned into the
molds that are used to form the lens of the invention. Subsequently, a suitable liquid
resin is placed between the molds followed by compression and curing of the resin

to form the lenses of the invention. Alternatively, the zones may be diamond-turned

into lens buttons.
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Claims:

1. A contact lens comprising at least two concentric, annular zones of
alternating distance and near optical power, each annular zone having a width that
1s within about 0.5 to about 2 mm of that of the directly adjacent annular zone or
zones and a difference in radius of curvature of about 0.075 to about 0.75 mm
from that of the directly adjacent annular zone or zones, wherein each of the

junctions between the annular zones comprises a multifocal power zone.

2. The lens of claim 1, wherein the annular zones are on the concave surface
of the lens.
3. The lens of claim 1, wherein the annular zones comprise three distance

optical power annular zones alternating with three near optical power annular

ZOTICS.

4. The lens of claim 4, wherein the annular zones are on the concave surface

of the lens.

5. The lens of claim 4, further comprising a central zone of distance or near

optical power. -

6. The lens of claim 5, wherein the central zone is on the convex surface of

the lens and the annular zones are on the concave surface of the lens.

7. A contact lens comprising a low modulus material and at least two
concentric, annular zones of alternating distance and near optical power, each
annular zone having a width that 1s within about 0.5 to about 2 mm of that of the
directly adjacent annular zone or zones and a difference in radius of curvature of
about 0.075 to about 0.75 mm from that of the directly adjacent annular zone or
zones, wherein each of the junctions between the annular zones comprises a

multifocal power zone.
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8. The lens of claim 7, wherein the low modulus material 1s of a modulus of
about 20 to about 40 psi.
9. The lens of claim 7, wherein the annular zones comprise three distance

optical power annular zones alternating with the three near optical power annular

Z01cs.

10. The lens of claim 9, wherein the annular zones are on the concave surface

of the lens.

11.  The lens of claim 9, further comprising a central zone of distance or near

optical power.

12. The lens of claim 11, wherein the central zone 1s on the convex surface of

the lens and the annular zones are on the concave surface of the lens.
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