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%pgﬁﬂanh%ﬁ&nﬁﬁ#gxg%%g?w ew of
first enbodi ment ofic@&NTRR! lefis EAORREinArdqeine aobavelvegth seleative baating OxR2it| ed
Description of t?le I'nvention and Pre red rrbod nts Jgh s L;pyention
provi des met hode b plecedinaspis! ﬁ@“‘?’h%“é’?inés‘f ?(% %‘f"ﬁ? accomnmodat e,

| enses for :sl_ﬁ rhaﬁ@g‘;,gggmfbm@gpl 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 C pupil size

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



25 I'n one enbodi nent, the invention provides an ophthalmc lens for a |lens
wearer, conprising, consisting essentially of, and consisting of a
refracti weoamns@mee conprising, consisting essentially of pCanibomsnsse sti ng
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 &f near .optical power. 30 WD

03/ 054616 PCT/ US02/38590 3 By "ophthalmc lens" is nmeant a spectacle,
contact, intraocular lens, or the |Iike, or conbinations thereof
Preferably, the |l enses of the invention are contact 5 | enses. By "distance
opti cal povver" i's MBARdp htHaRniad M6 n&fmtl’a&f)é(ﬁi[dd, vmtm\nmraoculzsqmsr@dhq 0 correct
the wearer's di stance visjon_acuj th e5| e t1 Q. ard ear
optical power "liks ofreemhinations hefsefn ?f?ra‘i’l fe\‘?@ 8 nroeqw redw{]o correct

the wearer's paal W S‘Hﬁﬁné&!frﬂv'néa)f pbWert’ k\,ﬁnéhﬁaﬁthéadlod:&gfﬁactﬂy@ pbwett he | enses of
t he |nvent|on one o the front (qbject back ., (eye si de)

of the |ens haseqaiediogarrest ﬂm"%@héélsﬁﬂ%e‘f‘m%‘ PR t‘f Edﬁsﬂfﬁ?éegﬁfng W t hi n

this area of distan mi Ao H@ﬁﬁeﬁ%ﬁilb& wed eatfairedcto sbifrédbtieed in a
substantial ly %&r réﬁap&ﬁeg?lﬁ eerrl :8 Fig ﬁé og?'qlac zone 10 i s shown
in which area wehref’snsegision aMﬁydhﬂmdear siegﬁ:ea radl us of curvature

effective to correct the |l ens wearer's distance 15 vision acuity to the

desired degree. Wthin area | | is area 12, which area_ is of a _radius of
curvature efof ecti velrthe leoses efthe iriventivaapmsror bn@‘aﬂf the; fenb (pbiget side) 2qdpack e
desired degre e 0 ard Ly skil fhin Weldotid &meIWidhéh t hat the
near and di staZ‘E:yé% ‘}{}ﬁ%@ re%B%cfﬁ | ral @%e{?teerohlare of 'different

refractive powedisarenef difigncp @Walspower is near optlcal 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,



are being placed onto a surface of a |lens having a constant center

t hi ckness. Thus, in all enbodinents of the invention, sag differences

bet ween tWe opestsi@nd di stance vision zones are el i m nat edCUSazipassd i ng

i nst ant aneous surface curvature, or slope, at the boundaries between the
zones so that snooth transitions between the zones. 25 results. This may be
acconpl i shed by use of standard, conmmerci4al |y avail able conputer aided
design software along with ray tracing software or optical ray tracing
software. The spiral pattern of the invention nmay be on the front or back
surface of the 30 lens. Alternatively., a spiral pattern of plano and near

power may be Operi moblbfBRr spphltgteéiOn OROQSTatEis Srbdf anenirepreratily, thiitst ance
power desired for the lens. Preferably, WO 03/054616 PCT/ US02/ 38590 4 the

di stance and npattersisionsle frat susfage.on one surface is used, and nore
preferably,sthat pattern is on the front surface. 5 Any suitable

mat hemat i cal” equation may be used to generate the spiral design. A
preferred equation Aoy sujteble mmthiemgtical epration may poussd tgeaeraicds VPl cal power
to near optical, power is;: = i i ki I ais
a const ant, angesgg"i' é?rﬁ%rrgf}rg%ut?{ﬁ& e@epﬁ%ﬂéra\gﬂg%?g?o ?ﬁ%&f%ﬂ?@g&f@hﬁg?ﬁg@ 1 f the
constant a is elwaeoptisl fowed246, then for an 8 nm dianmeter optic zone of
R,,.,, =4, there may be traced a spiral line that goes around 2.5 tines
before reaching the edge of the optic zone. If a spiral line is created
that 15 useg poi nts between the points fReegach 0 and 0 + 27c paired point

on the first spiral ) . .
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



line, two equal area spiral zones are created. By varying the fractional
position between the 0 and 0 + 27r pairs, the zone area ratios can be
vari ed. TWe osasdioos of the | ens' area devoted to the di stan®eTarsd2/sssar
optical powers 20 nmust 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 determ ned by
any known nethod including, without |limtation, optical software useful in
gauging and optim zing the optical performance of a design. Suitable
software includes, without Iimtation, Zemax avail able from Focus 25

Sof twar dTm | n g fiRd ke &8 willl rdcbhideINRBEVEN) slab-offs; addl tHeaike tapbelugeaad thept i cal
powers are spherical powers. Additionally, the distance and near optical
power zones naﬂelb’epeﬁf’hefhny desired and practicabl e di nensions. The .optic
zone may be,.and for soft contact 30 | enses preferably is, surrounded by a
non-opti cal ?enti cular zone. One ordinarily WO 03/054616 PCT/ US02/38590 5
skilled in the art Woantacyleesegprefbin theinvertipgmay bs|eiher ardor sefhlgnsen Sl ke may
be used in the | ' 0 i j ntion
may be either hcht%&g?ﬁg%w B?éﬁ?«‘a’?@%@* %‘%%%(r?lt c?du}dégg%ﬂsh ,lédsr%%g’%g%‘r%g}ﬁy

mat eri al sui t abireudedr The lvosss pfithe Swentionamaydwye myeff@rvatitty of eprigctivsagticalhe

| enses of the inventi.on h | ef i jcal
characteristi cscrﬁflrﬁ‘&t ?%‘8? a{%‘a"%ﬁeﬁ S h}elé);sutljfr’a féaégéggétxongégﬁﬁ] geﬁ&?él\éﬁiog?gdrllce and
near opti caloi gopemsnduding vithougimitastioheylinder powert prsm payer.iandithe lisewad, prism

power, and the lokéﬁ@tiﬁ%ﬁh%gMdgﬁglilaqp,So&eho?rn?o% su agtiestoif %%rlsxfnay% € or nore

surfaces of thé
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 cal cul ated from topographi c neasurenents, or

t opogr aphi cal l y-derived surfaces. 15 The |enses of the invention may be
formed bywergssmeenti onal nethod. For exanple, the spir&CTpsn/asseo f or ned
therein may produced by dianond-turning using alternating radii. The
pattern may be di anond-turned into the nolds that are used to formthe

| ens of the invention. Subsequently, a suitable liquid resin is placed

bet ween the nolds foll owed by conpression and curing of the resin to form
the 20 lenses of the invention. Alternatively, the pattern may be

di anond-t umed Wiiabis chaised fsut t ons. WD 03/ 054616 PCT/ US02/38590 6 What is
clainmed is: 5 1. An ophthalmc lens for a lens wearer, conprising a first
refractive surfiace Ammﬂshmhlaiimgmafmrmlmkwearaneormaiﬂinggiﬁmtmfr&avosurﬁbestance

optical power, wherein interspersed wt of di tance opti cal
pover and in aCSHBETAT %Htllcfog W‘QE”B@?P%&%“? oghcang‘ﬁer YiA&ar opti cal

pover. i0 2. Thfekgisedotithel fi dted of dilieioeioptitah powenad insa abgamiay fpitabns. 3.
The I ens of claim2, further Si n a second refractive surface that
provi des cyli n@é‘i‘erbbwé‘ra“’@ro ﬁP@ré’H)"ﬁL 15 4. The lens of claim?2, further
conpri si ng a second refractive surface that is a t opogr aphi cal | y-deri ved

surface. whe | eni‘h@fen%iedléﬂnji whbtemehdehdis alcbhitadt 1n€f racti ve surface is a
front surface of the |ens.

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



6. The lens of claim2, wherein the first refractive surface is a front
surface of the lens. 7. The lens of claim3, wherein the first refractive
surface iwoasfswme surface of 25 the | ens and t he secondPcafusazsssve
surface is a back surface of the lens. 8 The lens of claim4, wherein the
first refractive surface is a front surface of the |lens and the second
refractive surface is a back surface of the |ens. jo 9. An ophthalmc |ens
for a lens wearer, conprising a first refractive surface conprising a
first optic zopg. bavieASifth 18 &@a S ploPoNCAdeRE ibdlantiiyepira patepand
refractive surface having an area of pl ano power in a second optical zone,
wher ei n WD 03/ %4 6fiseapofticallspowds590 7 interspersed within the area of
pl ano power and in a substantially spiral pattern is an area of near
opti cal power 104, T, EQ:T%?:B f l ens is a contact
| ens. 11. \‘Iqﬁ’e @ns %‘?efgﬁagf 5 ?ﬁ‘irr?hgeq%ng\en%ﬁ?{t%kg@second refractive
surface that is a topographi caIIy derived surface. 1o 12. The | ens of
claim9, wherein the, first efr e t he
| ens. 13. The :lﬂns !g?efce,?s?fcafal V%Jé}?(e&céﬁ%rﬁﬂf%aie@ IﬂlrE %&%%E%%flg%e is a
front surface @pogiapkicdiigngerivedsitface. The | ens of cl a| m 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

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



