WO 03/ 054616 PCT/US02/38590 1 5 MJULTI FOCAL OPHTHALM C LENSES Field of the
I nvention The invention relates to ophthalmc lenses. In particular, the

i nvent i orwopBosicdes | enses that use nore than one optical PoovEsn2/383p0 f ocal

| ength, and are useful 1o in the correction of presbyopia. Background of
the Invention As an individual ages, the eye loses its ability to
accommodate, or bend the natural lens, t@ focus on objects that are
relatively near to the observer. This 15 condition is known as presbyopi a.
Simlarly, for persons who have had their natural |ens renoved and an
intraocular lens inserted as a replacenent, the ability to accommopdate is
totally absent. Anbng the nethods used to correct for the eye's failure to

accommodate i;s 20 the use of ALRSPHTIE RESAEE IERsaRd cont act | enses,
> MYETHEE

t hat provide correction for i stance and near visions. Anong the
contact | ens designs that have been proposed for presbyopia correction are
| enses in which the design is indepEridefthedfiventien pupi| size neani ng that

t he designs provide gor.rect.ions.for b . variat] ighting and
obj ect fixation di st‘;}}?dgv.e“fé%rr?%“”é's‘) 8‘?’!"'2“:‘%#‘%\{%8%% gﬂrllgé}gglgafeﬁltggne‘)e{nﬁ)gt i ncl ude
optical 25 zoneprovfdeplessesttatesd mazbithak enchupéical pawet, hefoer) dangth, peitarensefil on
either or both surfaces. of  the | ens. However, these designs are

di sadvant ageQust e‘f%%?f‘t‘?%‘gfr?fgy‘f?& easily allow equal optical perfornmance
across the pupil variations. Additionally, both a spiral diffractive design
and a spiral-printed design are o .discl]o in United States Patent No.
5,408, 281. The diffractive desighgﬁ*gTMR S i

As an individual ages, the eye loses its ability to accommodate, or bend the
natural lens, to focus on objects that are relatively near to the observer. This
15 condition is 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 is
20 the use of lenses, both spectacle and contact lenses, that provide correction for both
distance and near visions. Among the contact lens designs that have been proposed
for presbyopia correction are lenses in which the design is in&ependent of the pupil
size meaning that the designs provide corrections for pupil variations due to lighting
and object fixation distance. Examples of such designs are those that include optical
25  zones of pie-sliced, checkerboard and hexagonal patterns on either or both surfaces
of the lens. However, these designs are disadvantageous in that they do not easily

allow equal opticél performance across the pupil variations.

Additionally, both a spiral diffractive design and a spiral-printed design are
30 disclosed in United States Patent No. 5,408,281. The diffractive design of this
patent is disadvantageous in that it is difficult to manufacture using standard

manufacturing techniques. The printed spiral design serves to achieve a wavelength



patent is disadvantageous in that it is difficult to manufacture using
standard manufacturing techniques. The printed spiral design serves to
achi eve awaansebesngt h WO 03/ 054616 PCT/ US02/ 38590 2 or colPer/usnzsssmd ssi on
difference in each of the spiral bands upon surface on which it is
printed. Thus, |ens manufacturing requires a wavel ength sel ective coating
or paint to be placed in a spiral patterh on the |l ens surface or the
doping of different spiral 5 bands with different dyes. Therefore, a need

exi sts for a design that .over of the
known desi gns. OIGC%BF F%‘fsr‘ﬁég’&d&ﬁf‘?n%moegq} ??{th%pg\i}mﬂ;nanh%ﬁ)&nqﬁ | gxgw%{%gﬁbsw ew of
first enbodi nent ,Glte®NTIRR! lefis BRORCRInGrdqeinG ao;rravmegth keleative Cauting OEReit] ed
Description of t%e | nventi on and Pre red nbod nts JQISlﬂxentlon
provi des nethod9b¢ehﬂ%bmﬁ@%¥4ﬁ@“?%%né§i’§sW %05 ?HWQ? accomnmodat e,

| enses for ?ﬁ hﬁﬁa;®gggfgﬂmt@@g met hods for producing the Ienses of the

i nventi on. e lenses of the’invention utilize a refractive surface having
a spiral pattern to distribute the distance and near vision power on the
lens surface. The 20..flo5k e cdiierr Buehl 80 ovércafiabinagpalisfhe that, due
to the area ratio value naintalned f a | circular areas centered in the
center of the Scﬁsaﬂaéntmsbéﬂlnknqwnqﬁélgmts zones of near and di stance vision
correction having equal area ratios regardless of pupil size 25 In one

enbodi nent, the invention provides an ophthalmc lens for a lens
10 Brief Description of the Drawing

FIG. 1 is a plan view of first embodiment of an optic zone of a lens of the

invention.

Detailed Description of the Invention and Preferred Embodiments

15 - » eqs
The invention provides methods for correcting the eye’s lack of ability to

accommodate, lenses for such correction, and methods for producing the lenses of
the invention. The lenses of the invention utilize a refractive surface having a spiral
pattern to distribute the distance and near vision power on the lens’ surface. Thg

20 design of the invention is advantageous in that, due to the area ratio value
maintained for all circular areas centered in the center of the spiral pattern, it permits

zones of near and distance vision cogemion having equal area ratios regardless of

pupil size

25 In one embodiment, the invention provides an ophthalmic lens for a lens
wearer, comprising, consisting essentially of, and consisting of a refractive surface
comprising, consisting essentially of, and consisting of an optic zone having an area
of distance optical power, wherein interspersed within the area of distance optical
power and in a substantially spiral pattern is an area of near optical power.

30



wear er, conprising, consisting essentially of, and consisting of a
refractive surface conprising, consisting essentially of, and consisting
of an optwo 0izofwihavi ng an area of distance optical powePCTRi$e2/88500
interspersed within the area of distance optical power and in a
substantially spiral pattern is an area of near optical power. 30 WD

03/ 054616 PCT/ US02/38590 3 By "ophthal ndc lens" is nmeant a spectacl e,
contact, intraocular lens, or the |1like, or conbinations thereof.
Preferably, the |l enses of the invention are contact 5 | enses. By "distance
optical power"” is meant the amount of refractive power required to correct
the wearer's di st angg«yihgiaRfic &8t ik yneh atspectables cortatt,dugoadar 1@y, orthrear

optical power" is neant the anmount of refractive_.power requi 0 correct
the wearer's hkaor ¢ombipgiiopghpiegt tPaeffrﬁ@y{fég fef‘%ea ok S?Ig’gr.ltlofg'y% ér?% e |l enses of

the inventign, g08 B BQfabeeptitd pofEO M mémbire ainositd)eactivepaskr (eye si de)
of the | ens "has an area of di st ance_ power, wthin trﬂe g%%t&‘h& zonfj3 Wthin
this area of diesiebie copedt thel westshe distagogdsipn ity taihe § WSt rbuted in a

substantially .spir I LS it dfQefficlive Jowed BiquigedztoRErrdddtlies shown
in which area ﬂal“s)&iscggﬁo,ue?mﬁfngﬁﬁar eais of a rad?ous of curvature effective

to correct thevweemrssmeavsionsculyso theclesied dggree.on acuity to the desired

degree. Wthin area 11 is area 12, which area is of a radius of curvature
effective to correct the wearer' near vision acuity to the desired degree.
One ordinarid y ski | irettle lenses lofthairtventidn) orreetzr@gthio,féhetf%/m‘f(qbﬁét sitedAndigk di st ance

and the poner & CAREeLEh fib et e Bashpi Bt Rpueh viih Bl oph bane e P ant
center thi ckneggs aréhbiSdistirte optical power is near optical power distributed in a substantially
spiral pattern. Referring to Fig. 1, optic zone 10 is shown in which area 11 is seen,
which area is of a radius of curvature effective to correct the lens wearer’s distance
15  vision acuity to the desired degree. Within area 11 is area 12, which area is of a

radius of curvature effective to correct the wearer’ near vision acuity to the desired

degree.

One ordinarily skilled in the art will recognize that the near and distance

20 zones making up the spiral pattern are of different refractive powers and the powers
are being placed onto a surface of alens having a constant center thickness. Thus, in
all embodiments of the invention, sag differences between the near and distance
vision zones are eliminated by adjusting instantaneous surface curvature, or slope, at
the boundaries between the zones so that smooth transitions between the zones .

25 results. This may be accomplished by use of standard, commercially available
computer aided design software along with ray tracing software or optical ray

tracing software.

The spiral pattern of the invention may be on the front or back surface of the
30 lens. Alternatively, a spiral pattern of plano and near power may be on one surface

with the opposite surface being all distance power desired for the lens. Preferably,



all enbodi nents of the invention, sag differences between the near and

di stance vision zones are elimnated by adjusting instantaneous surface
cur vat ur ewoms/osdeope, at the boundari es between the zonesPso/ushassssmoot h
transitions between the zones. 25 results. This may be acconplished by use
of standard, commercially available conputer aided design software al ong
with ray tracing software or optical ray4 tracing software. The spiral
pattern of the invention nay be on the front or back surface of the 30
lens. Alternatively; a spiral pattern of piano and near power nay be on one
surface wth the opposite surface being all distance power desired for the
| ens. Pref er ably,qi R0 ORMbGaIREH4HOR BhSERAe is dsddNendihsre prefieabty) dhanear
spiral pattern on one surface is used, and nore preferably, that pattern

i s on the fronpattsor isgashe fonnsiffasgi t abl e mat hematical equation may be used
to generatesthe spiral design. A preferred equation for generating a 50:50
rati o of distance optical power to near optical power is: 10 R=eao_1
wherein R is the radnysiiteble mathemaiical equetiersmaybe usshtp genpratedhespipl cunfer ence

| the I . _ e % c feren
oA g oStk o bARFARSuclin APERARTE 33650y FURRRE Acdl pdRer S, | hen

one s , ere may be traced a
spiral line thainegoesicalrpowedis: 2.5 ti mes before reaching the edge of the
optic zone. If a spiral line is created that 15 uses points between the
points for each 0 and 8 + 2n paired point on the first spiral line, two

equal area gpiral zones are created. By RategfiAg the fractional position
wherein R is the radius in mm, a is a constant, and @ is the circumference angular
position in radians. If the constant a is chosen as 0.10246, then for an 8 mm
diameter optic zone of Rua = 4, there may be traced a spiral line that goes around
2.5 times before reaching the edge of the optic zone. If a spiral line is created that
15 uses points between the points for each € and @+ 27 paired point on the first spiral
line, two equal area spiral zones are created. By varying the fractional positioﬁ

between the & and @+ 27 pairs, the zone area ratios can be varied.

The ratio of the lens’ area devoted to the distance and near optical powers
20 must be such that it is effective to provide the visual acuity correction desired for the
lens wearer at all of the wearer’s various pupil fixation sizes. These ratios of powers
may be determined by any known method including, without limitation, optical
software useful in gauging and optimizing the optical performance of a design.

Suitable software includes, without limitation, Zemax available from Focus

25 Software™,

In the lenses of the invention, the distance and near optical powers are
spherical powers. Additionally, the distance and near optical power zones may be of
any desired and practicable dimensions. The optic zone may be, and for soft contact

30 lenses preferably is, surrounded by a non-optical lenticular zone. One ordinarily



between the 8 and 0 + 27r pairs, the zone area ratios can be varied. The
ratio of the lens' area devoted to the distance and near optical powers 20
nmust be swohsnhate it is effective to provide the visual a®artusowssspecti on
desired for the lens wearer at all of the wearer's various pupil fixation
sizes. These ratios of powers may be determ ned by any known net hod
including, without limtation, optical ssftware useful in gauging and
optim zing the optical performance of a design. Suitable software
includes, without limtation, Zemax avail able from Focus 25 SoftwareTM In
the | enses of the invention, the distance and near optical powers are
spherical powergijesioint bR WAl FtogiiA@hdbedeh) slab-affsl ai@ ik 1P inag B uedethezones
may be of any desired and practicabl e dinensions. The optic zone may be,
and for soft cdersReriPEy.| enses preferably is, surrounded by a non-aoptical
I enticular zgne. One ordinarily WO 03/054616 PCT/US02/38590 5 skilled in
the art will recogni ze that bevels, slab-offs, and the |ike may be used in
the |ens periphery.Coptagdamsagesefibintbe inyertfonimaybereiier basdays sofbleniesSofle e t her
hard or soft |en : @a,gg : ' | tabl e
for producing scﬁ)gﬁal lgﬁggég?adig)%%'g?ﬁate}r%p&g@geus d?&%}ﬁg célﬁiégs{ g‘?k%rfldg
i nvention may haeesednFhoknss ofthe avyntoh ngayrhave ainad agpri¢ty af cotgpiveaptieal i sti cs
i ncorporated onto the surfac i i L t. i: pcal to
pover &1 nl udi HeresEnBh P PER bt S flecf M ShAGRAR i nEk: HRLITET |0
like, and qonhionats inclsdingevithobt. limdtiton, icplader powangrisor paver,endtheflise.eod of t he
L b S e S SHAU LA RRIH AP N el R Y B O

surfaces calculated from topographic measurements, or topographically—derived

surfaces.

15 The lenses of the invention may be formed by any conventional method. For
example, the spiral pattern formed therein may produced by diamond-turning using
alternating radii. The pattern 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

20 lenses of the invention. Alternatively, the pattern may be diamond-turned into lens

buttons.



surfaces. 15 The lenses of the invention may be formed by any conventi onal
met hod. For exanple, the spiral pattern fornmed therein may produced by

di anond- tworBgicusi ng alternating radii. The pattern nay Poa/usozsssad- t ur ned
into the nolds that are used to formthe lens of the invention.
Subsequently, a suitable liquid resin is placed between the nolds foll owed
by conpression and curing of the resin tdformthe 20 | enses of the
invention. Alternatively, the pattern may be dianond-turned into |ens
buttons. WD 03/054616 PCT/US02/38590 6 What is clainmed is: 5 1. An

opht hal m ¢ | endVliabis daitnedss: wear er, conprising a first refractive surface
conprising an optic zone having an area of distance optical power, wherein
i nter sperseds wit hi n Anfvphthledic tehs fbr s teaneearep toroprisingominst rafiattivesuatace

substanti al | s |ral attern is an area ear wer. 10 2. The
| ens of clai )r/n fom %‘?%$ ORtif OPLhpymg gn 5688%5158?“ ogﬁ‘ga p%wer’l'ﬁ T8ns of claim

2, further comterspdagadamﬂﬁmedrea efdlﬁﬁﬁde\é@u@llptﬁmand hed subgaridllglgsraty| i nder
power or prismpower. 15 4. The s of claim2, further conprising a
second refract P%‘ée’%tﬁal‘lé‘é@ocfﬁ%mﬂ’%ca POWDpogr aphi caIIy derived surface. 5.
The lens of claim1, wherein the first refractive surface is a front

surface of 4 h? | engne &Qs 8F cldiel, WBESinThe oheik Alcéntatt@ei N the first
refractive surface is a front surface of

3. The lens of claim 2, further comprising a second refractive surface that

provides cylinder power or prism power.

15 4. The lens of claim 2, further comprising a second refractive surface that is a

topographically—derived surface.

5. The lens of claim 1, wherein the first refractive surface is a front surface of
the lens.

20 .
6. The lens of claim 2, wherein the first refractive surface is a front surface of

the lens.

7. The lens of claim 3, wherein the first refractive surface is a front surface of

25 the lens and the second refractive surface is a back surface of the lens.

8. The lens of claim 4, wherein the first refractive surface is a front surface of

the lens and the second refractive surface is a back surface of the lens.

30 9. An ophthalmic lens for a lens wearer, comprising a first refractive surface
comprising a first optic zone having an area of distance optical power and second

refractive surface having an area of plano power in a second optical zone, wherein



the lens. 7. The lens of claim3, wherein the first refractive surface is a
front surface of 25 the lens and the second refractive surface is a back
surface oWothwsdeeers. 8. The | ens of claim4, wherein the fPcmatSor/sfsp@cti ve
surface is a front surface of the lens and the second refractive surface
is a back surface of the lens. 30 9. An gphthalmc lens for a | ens wearer,
conprising a first refractive surface cdnprising a first optic zone having
an area of distance optical power and second refractive surface having an
area of plano pOwEIerdel vithfREORNEa SidrePows O in MRl MEHR A TAHEGN

PCT/ US02/ 38590 7 'interspersed within the area of piano power and in a
substanti al | y siedpfiheapgpticel ROWY. an area of near optical power. 5 10. The

|l ens of claim9, wherein the lens is a contact lens. 11. The lens of claim
10, further _conpri si : i : at is a
topographicélI3@der?€%ﬁg%§$%§ggf%%%&?gkuéﬁé§%g%§ﬁgkhglain19, wherein the
first refractive surface is a front surface of the lens. 13. The | ens of
claim 10, wheregjn t fir r. ef i £ ace | f the
Cens 15 14 hb | eAGe 9 Qe 036 tat SoRMIRAL koo Rl abbe B 0 LNP
a front surfacepographibgly-ésrvedndfathe second refractive surface is a back
surface of the lens. 20

10 12, The lens of claim 9, wherein the first refractive surface is a front surface of

the lens.

13. The lens of claim 10, wherein the first refractive surface is a front surface of

the lens.

15
14.  The lens of claim 11, wherein the first refractive surface is a front surface of

the lens and the second refractive surface is a back surface of the lens.

20



