A LENS HAVI NG AN OPTI CALLY CONTROLLED PERI PHERAL PORTI
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I NVENTI ON [00001] The invention relates to contact |enses and phakic
intraocular (10C) |enses used to provide vision correction. Mre ‘
particularly, the invention relates to providing contact | enses and‘
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i ncl udi ng bg&%{ LOBtRGHy beRAedand phakic |CC Ienses, are desi gned and
manuf act ure 0 provi de only the central portion of the lens with

optical control. The central portion of the lens is deened nost

i nportant because it affeglg-e8R D@F&TQEWWEWOW much nore
a

accurate than peripheral vision. “centr ortion" of the'lens,
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soft contactylens &xRAS ubdt by SR &isidf defdaes. |Aapl$almm1®@ieuhlsys 20 a
lens that is implanted behind a person’s cornea and works in conjunction with thé
natural crystalline lens of the eye to provide vision correction. Phakic IOC lenses
are typically made of a material called polymethylmethacrylate (PMMA). The
term “phakic” means that the eye with which the phakic IOC lens is used
possésses the natural crystalline lens of the eye.
[00003] Typical lenses, including both contact lenses and phakic I0C
lenses, are designed and manufactured to provide only the central portion of the
Jens with optical control. The central portion of the lens is deemed most
important because it affects central vision, which is much more accurate than
peripheral vision. The “central portion” of the lens, as that term is used herein, is
intended to denote the portion of the lens that is optically éontrolled to provide an
intended optical effect on a person’s central vision. The central portion 6f a
typical soft contact lens extends from the center of the lens outwardly to a
distance of approximately 3.5 to 4 millimeters (mm) at the periphery of the central
portion. This corresponds to a radial distance, r, that ranges from r = 0.0 mm at
the center of the lens to r = 3.5 or 4.0 mm at the boundary where the central and
peripheral portions of the lens meet. The peripheral portion of a typical contact

lens has a peripheral portion that starts where the central portion ends (e.g., atr =



di stance of approximately 3.5 to 4 millimeters (m at the periphery
of the central portion. This corresponds to a radial distance, r,
that ranges fromr = 0.0 mmat the center of the lens tor et; 3.5 or
4.0 mm at the boundary where the central and peripheral portions of

the | ens neet. The peripheral_ portign of a typical contact |ens has a
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the lens center o e typical soft contact |ens has a
total dianetem.of approximately 14.0 nm [00004]I1t is believed that
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are snall. ending portion is sinply to connect
the central erda,peadilpkeioalot pifed therrentrd veswohofghteye. Theowoshesplinesiitzh an

eye's corneal .dianeter, typically ranges from Jq.about 12
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- [00006] Although an eye’s corneal diameter typically ranges from about 11

mm to about 12 mm, the central portion of a typical soft contact lens typically
ranges from about 7 mm to about 8 mm in diameter (i.e., r =3.5 to 4 mm). The
diameter of the central vision zone of the eye is generally defined as the region
that provides central vision when the pupil is no larger than 7 mm in diameter
under scotopic viewing conditions. The term “scotopic” means the ability to see

in darkness or dim light, also referred to as dark-adapted vision. Although a



typical soft contact lens is about 14 mmin total diameter, only the
central 7 or 8 mmdianeter portion provides vision correction. The
peripheral portion, also commonly referred to as the lenticular
portion, serves to stabilize the lens and fit the lens confortably
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experiments that demonstrates that the peripheral retinal image
(i.e. peripheral vision) plays a major role in determining overall
eye length, and is an effective stimulus that promotes peripheral
and total eye growth that results in axial elongation, an overall

increase in eye size and myopia.”

Smith et al. discloses various methods and devices for providing a visual image
that has “a peripheral field image location that is positioned more anteriorly to (orv
in front of) the peripheral retina (i.e. toward the cornea or the front of the eye)

than normally in the uncorrected condition, while the central field image location

is positioned near the central retina (i.e. the fovea)”. Smith et al. discloses that .
this arrangement minimizes or eliminates the stimulus for eye axial elongation
leading to myopia.

[00009] U.S. Patent No. 6,045,578 to Collins et al. discloses a method for
treating myopia that uses a lens having a central portion (i.e., an optic zone) that

causes paraxial light rays entering the center region of the central portion of the



[ 00009] U. S. Patent No. 6,045,578 to Collins et al. discloses a

for treating nyopia that uses a lens having a central portion (im.stehOOI
an optic zone) that causes paraxial light rays entering the cent erw
region of the central portion of the l|lens to be focused on the
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vision system of the eye. In other words, these patents are not directed to the
effects that light rays passing through the peripheral portion of the lens (i.e., the -
portiori.outsid‘e_: the approximately 7 or 8 mm diameter central portion of the lens)
have on the eye. Therefore, the effects that these light rays produce on the vision
system are limited by the ability of the central portion of the lens to provide the
necessary optical control. . |

[00012] For a variety of reasons, including those described in Smith et al.

- “and Collins et al., it would be desirable to provide a lens having a peripheral
portion that provides optical control. However, because the peripheral portion of
the lens is used to stabilize the lens and to fit the lens to the surface of the eyeball,
and is normally the same for every lens of a given lens series, the peripheral
portion is normally not designed to provide optical control. If the peripheral
portion were to be designed to provide optical control, it could not be kept the

same for an entire lens series. Rather, the peripheral portion would need to be



and Collins et al., it would be desirable to provide a | ens having a
peri pheral portion that provides optical control. However, because
the peripheral portion of the lens is used to stabilize the lens and
to fit the lens to the surface of the eyeball, and is nornmally the
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from lens to lens across.a given series. This presents even greater difficulties in
terms of lens design and manufacture.
[00014] Accordingly, a need exists for a contact lens having a peripheral

portion that provides optical control and that can be easily ~designe:d and

manufactured.

SUMMARY OF THE INVENTION
[00015] In accordance with the invention, a lens is provided that has a
peripheral portion that provides optical control. The peripheral portionv of the lens
has a power profile that optical controls a location at which a peripheral vision
image is focused relative to a retina of an eye. The lens also has a central portion -

having at least one optical zone that provides optical control over light rays



SUMVARY OF THE | NVENTI ON [00015] I n accordance with the invention, a
lens is provided that has a peripheral portion that provi des opti cal
control. The peripheral portion of the I ens has a power profile that
optical controls a location at which a peripheral vision inage.is

focused relative to a retina of an eye. The |l ens al so has alientral

portion havipagsing threwbtthoemteppirsan. Temeentralaorinndias adowsppiogils that

control over light r assing.t At rad i :
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[00017] These and other features and advantages of the invention will

become apparent from the following description, drawings and claims. -

- BRIEF DESCRIPTION OF THE DRAWINGS

[00018] Fig. 1 illustrates a plan view of a lens in accordance with an

illustraﬁve embodiment of the invention having a central portion and a peripheral

portion, wherein the peripheral portion is optically controlled.

[00019] Fig. 2 illustrates a plan view of the central portion of the lens

shown in F ig. 1 in accordance with an embodiment having one or more optical

zones that are optically controlled.

[00020] Fig. 3 illustrates a plot that contains three different power profiles

that are suitable power profiles for the lens shown in Fig. 1, and Which all prbvide
~ the peripheral portion of the lens with optical control.

[00021] Fig. 4 illustrates a plot that contains three different power profiles

that are suitable power profiles for the lens shown in Fig. 1, and which all provide

the peripheral portion of the lens with optical control.

[00022] Fig. 5 illustrates a flowchart that represents the method of the

invention in accordance with an embodiment.



illustrative enbodi ment of the invention having a central portion and
a peripheral portion, wherein the peripheral portion is optically

controlled. [00019]Fig. 2 illustrates a plan view of the central
portion of the lens shown in Fig. 1 in accordance with an enbodi nent
havi ng one or nore optical zones that are optically controll

[00020] Fig. 3 ||DE§1M&E@§>ES@RB°[T19%@F&I@IH&J§FMTNE %@P%Béﬁéﬁg power
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e Invention in accordance with an

enbodi nent . directed prlmarlly to the peripheral portion of the lens, the invention is not limited

with respect to the power profile of the central portion of the lens. The power

profile of the lens of the invention at thevboundéry of the central and peripheral

portions meets certain boundary conditions necessary to ensure that the lens

provides a desired or selected vision correction, as will be described Be](’)w in

detail with reference to Figs. 3 and 4. |

[00024] Fig. 1 illustrates a plan view of a contact lens 1 in accordance with

an embodiment of the invention. The lens 1 comprises a central portion 10 and a

peripheral portion 20. The peripheral portlon 20 includes a blending portion 30

that interconnects the central portion 10 and the peripheral portlon 20. The

central portion 10 has a radius, r, that typlcally ranges from 0.0 mm at the center 2

of the lens 1 to about 3.5 or 4.0 mm at the outer edge of the periphery 3 of the

centrél portion 10. The periphex;al portion 20 has an innerradius, rl, that

coincides with the radius, r, of the central portion 10, and an outer radius, rO, that

coincides with the outer edge of the periphery 11 of the peripheral portion 20 and

s typically about 7.0 mm to about 8.0 mm.

[00025] Fig. 2 illustrates a plan view of the central portion 10 of the lens 1.

without the surrounding peripheral portion 20. The central portion 10 of the lens

1 may be made up of a single optiéal zone or a plurality of optical zones. The

invention is not limited with respect to the number of optical zones that make up

the central portion 10. The dashed circles 13, 14 énd 15 are intended to demark

optional optical zones 16, 17, 18 and 19 that make up the central portion.

Although the dashed circles 13, 14 and 15 may appear to indicate discrete

boundaries between the optical zones, any optical zones making up the central

portion 10 will typically be provided with smooth transition regions so that there. :

are not abrupt changes in optical power when transitioning from one zone to



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 00023] 1 n accor dance
with the invention, the peripheral portion of a contact |ens or
phakic IOC lens is provided with optical control by controlling the
power profile of the peripheral portion of the lens. Typically, the
central portion of the lens is also provided with optical control,

but because tighdrn¥entevanthiesmantie isawt pmitedawith yegars torke prifRbFEE QF

portion of the lens,, the jnventjon.is. not lim 1 to the
power prof i | €15 Prayided Oyt ed?enbrgirqqrgq b Ortvﬁ%h {E‘gé]egf’m;'ihée ‘E)"\%g?‘ﬁ‘g’tr"%fi | e
of the lens gi,yldag bl Mehir@pofiod @ boundary of the central and

peri pheral portions neets certain boundary conditi or&}sﬁ necessaﬁlé/thta? _

ensure that {#026lens ploviegabodingss pt g PrFerd APNEET Y A RYVGH Pro
correction, SSC%‘%Bﬁgﬁlﬁ%gf%fh?’Fﬁmb%ICQP%mé Rt-Aiporttnt 1 Mmafgrence to

Figs. 3 and ustrates a plan view of a contact
| ens! in accepedliees puttivh 28nf értedi nsrny péwerpeofilathatis @ntinahe in thes 1

conprises a central portion 10 and a.peri pheral FLi e
peri pheral p&Fstdgvage ?ﬁ@?ﬁf&%go‘ﬁ]%ﬁfy:(hg?%%}ge Ft"igé’ﬁ%’é’d‘ @ﬁé@ Rre 0
i Nt er connect s kaep&ieok 1 0ndBletpcAphekf paRfbnI0En@Er Allige alimper dfi on 20.
The central portion 10 has a radius, r, that t%%g@itli%%] es from

0.0 nmat t hewtentageal Sunstionnexiptéh satisfythipRaunday ¢ " t he
outer edge of 8% BERLRATE hePoBlr LORIGRML Bhs ROT!T ON 10- The

peri pheral pd¥ an inner radius, rl, that coincides wth
the radius, [0000f] t he Eins ilaistrpes tiptm 4007 thesedlifferenurosver pradilers0, PO,

that coincides with the outer edge of th eriph .1%. of :
peri pheral pdn4 7Q)H’aﬁ’t‘feéﬁ‘&aﬁ%pqwg’é‘gﬁ%}o&ﬁlgﬁ s -ﬁs%lé‘%lé%bwgé’?%lc%
[ 00025] Fi g. 2y lok HRtii@ueSesteftinflbplic8Wodkr inBioprtandlthglesrizootal 4ds of
the lens 1 wthout the surroundi ng peripheral g‘%ﬁrti on 20. The central

portion 10 ofeprésentsdresradiahgigtanes fieradhagsnist 2 &1 diedesd YRYALLPWISHEe or a
plurality of optica S i thl ' i Thithiskesmpte! e begpect
to the nurrbepetg?he@bhégqﬂgi’grﬁ@sﬁ?lﬁg%{%nggg?aﬂﬁte@ clgﬁtlr al p%\?tti on 10.
The dashed cipeipiesy 1Bof thé parighetd partni2ftien talin! distagesraf apraptimately 7
optical zones 16, 17, 18 d. 19 t hat ke .U cepLr L on.

Al t hough t he naa&?é‘tj&e iCF‘Engg"ﬁé? leps 1t} 14! ‘§/°t SE%&@EP tégd ?“%éc%?ge%

di screte boupgdag bk RESNEAR kfidn AMdi Gaportatiashisampodiptdncaln aoordsnce
making up the central "portion 10 will typically be pr.ovL(ﬂed ith
smoot h t r ansivtithahisreathiodineens she haindarydiepvesp dheesntralpagtion Landiag
optical power when transidyoning,/fd EafRBEmbRly BRGHSom HHewemer |
the inventi orﬁ’ewg}'ergaoltpoﬁlm%%delggvr\n&?ﬂ d:l%égnacfgg ?%Qt hlg op){i cal zone or zones
provi ded by tphe&teelehs Bl portion 10 or with respect to the opti cal

of 't he presei0ant i Gk PHE pRETT RS PPsoad 0 1 AdtuRByRrhod e
mathematical function that is differentiable in the first derivative at least at the
boundary where the central portion 10 and the peripheral portion 20 meet. In

~other words, the mathematical functions are continuous at least at the boundary
where the central portion 10 and the peripheral portion 20 meet. This means that
the first derivative of each of the functions can be taken at least at the boundary.
In addition to being differentiable in the first derivative at the boundary wherg the
central portion 10 and the peripheral portion 20 meet, these functions may be, but

need not be, differentiable in the second, third and higher order derivatives at the

boundary. Therefore, the functions may be higher order functions such as



describes the optical control provided by the central portion 10 and
by the peripheral portion 20 of the lens 1 is any power profile that
is continuous in the first derivative across the boundary (i.e., the
bl endi ng portion 30) where the central portion 10 and the peripheral
portion 20 neet. A |arge nunber of mathematical_ functions e '

j st. t hat
satisfy thi spelvnerdialsyfos skempleothas dinchans. 18 agpt epMPls SPCHEJP’P%OH@
t he power prof | . : ' 024 EL g idl didlBid $1i88s)8mRy Bko 40
of three di fgrteéréeoﬁl%lgé%%ﬁhﬁe?@ﬁ Ftﬁne% kgg’ &g}%gg%lgeg%{dt hat a?g sal_t abl eo ‘
power profi | esusedno téeribetis pbwshprurfildsn Lisiegr futiction end eyhi¢ and bigydie of

the plot 40 represents opti.c 0 in. Diopt the hori zont al
axis repr eseﬁﬁ’g’etf}‘n@t‘f’aﬂf“gIaﬁlcﬁ?tg?rg%\é\%kf‘P(%gfmg@] ecgnttd}?gﬁtﬂ\%f the lens 1
out war d tovvaL@Ole]e perj,pth@&éhtﬂal{)@;ftioh he, thepowpdioiatileps, tthand 20 acf  t he
lens 1. In this exanple, the ou

_ er periphery 11 of the. peripheral
portion 20 i ileaticahdndpredersesenied bythepasHeke ?E‘P‘Vﬁrﬂ%&ef]%ﬁﬂdﬂ’ﬁ‘ center
2 of the lens but | gt . : = SR BESRUS Ehe 1
profile beyoﬁ%éqeﬁ?esnurlﬁeegalﬁo“ﬁ’ ﬁ{shls otrﬁérgrp&%]ﬁﬁ%vger?ﬁcﬁ%lﬁics esgbodi nentt?ﬁlcarll
~accordance wistidel, Aemilerbadt arehbicortihmathomateal junigtionsemmmordy veadite al

ortion 10 and_the peripheral portion 20 i . ial di f
gppr oni nat el 96@@9’?% Pifogﬂ?st"ﬁés‘%ﬁ?ﬂ“@&]?nﬁﬁsIpfﬁgr'l?regﬁlgraﬁre.a%flgégg@%@glg h of
‘the power pr ?§%ér§ﬁa.5@he et i¢ ot 15migkall tb AChoNer ProfdsBONE0 ko0 shown

function tha s differentiable in the first derivativ ast, at

| at |
t he boundary imFigr 3 anfés eashinrited Vit tesrsat tedhapryver ReoTHe i 1R &Y BB on -

20 neet. In h r.ds, 1 t| : cil : L gpous at
| east at theqhé’ﬁh’&g?nfdlmh%l}eg)%pﬁgbggﬁ%rsg plorH:{ 'oatn»bl?gﬁe e{ﬁé’%%( %gﬁ%bégflpher al
portion 20 npeiver pibfiks taane cohducubé th fistt dekivativernd/baodre seitdblof t he
functions can be taﬁen at Ieasﬁ @; t\?&.bolundary. In addition to being
di f f er ent i abPEVERPrPHIEs forths legg sUowt P '&t' t he boundary where the

central portigmsdP andrbh@oRemtaheial eypQind gefipR&antisivn imigsie formed
functions ma e, but need not be, differentiable i%tﬁhe s[ﬁsond,‘
0 hpgap &

third and hi dhleind dredetinaddiach af theerowat Profites 5B bHAIG 0 henap érld? 2oWPHiE
functions mi}}ebx%ﬁigié%?]gé]orf%rg% wfagfsg%rr%a?éﬁha%%{b. Q?’onls&ﬁie)f@ﬁ Ba@ §f thé OF

exanple. Qh S, suc or exanple, |inear functions and
cont i nuous s pbiveeprbtiles 50 ofsander0gwill moviea peditiveesDRrrdwsir thapméll pull the

splines), may al so be.used to describe th ower. profi. i r
functions an®cepRsTd VIR HiagE M %Sgﬁqtpﬂgoqufﬁg% D r%eaglgogx{ élllﬂfé belth &
di fferenti abl.gijanofthe r&asitor ihBoht dfhe @ehd. VEHd ptever pRAINZ Sldcted foe the .
central portion 10, the power profiles 50,60 and 70 are. identical and

are repr esentpedplisyal powioporilli dsnensk on the PaisREANdhe pMERNY of s ICqRFeLHon
reference nuneral, 4%1. .Thi [ Q0 ;. r fhdvehas@ Rk €sponds
to the typi caaee%gioaéf’%@?-e%‘)ﬁé*{a“ﬂ% i"sc)g"é’ﬁmd Si&gigﬁipggﬁgt#?ley?rjat i cal
functions commostactedsédon thathebiltsan povyeripheralf Visies irhage beifg foewssd act

| i bed for treatj. ] d. h i a. .The. i.nventdom i
ot Tt ed tehrHE B Bt Freenee RPRTHOR s Fegu i BRITER S
is not Iim t%nﬁ}ré\hdé LRPRRLIySr ek DD QVREr BAOLlll Boverthé Peripherd vision

portion 10 of the lens 1. The power grofi |l es shown in Fig. 3 are
ner el y exanplimsgofo thaivikels fpevsed Inclsont 9athedptdacont i nuous in the first

idﬁr IF:/ gt | \{e ar}80(¥3q?t ar ¢ b&t?é?xlt RaPRIcoRERLd VisiBn 1Rk rdslRs 1n&RS pdriphRain
vision image being focused on the retina, fitting the patient with a lens that has the
profile 60 will provide a lower ADD power that will move the peripheral vision
image from being focused on the retina to being focused in front of the retina.

Similarly, if the patient has an uncorrected vision that results in the peripheral



[ 00030] For nobst uncorrected eyes, the peripheral vision inage is
formed behind the retina. Each of the power profiles 50, 60 and.70
has an ADD power in the peripheral portion 20 that is greater than
zero. Consequently, each of the power profiles 50, 60 and 70 wi ||l
provi de a posjtive ADD . power t he, pe Vi Si.

/ P that will_ pul . i.pheral . n
i mage in a dVSEBITaE ?%%@&“iqqéﬁ%w&afrqﬂ‘? B#héf‘“tt'ﬁ‘ T ‘tﬂgﬁﬁﬁd’a{‘ﬁg Wt na,
on the reting Ofhat Hasftﬁgpﬁoﬁ?é‘ ’Zd\Qfﬁld;gt%{/i'dg@-sth%m@Wexﬂh&fWihQn&@tE@t ed
for the peri pﬂera portion wll depend on the patient and the anount

of vision copergtieiabmisioadhege atittitanire dnitheMirectivndmying the ¢pragene cases,

the patient. ve a rected visien. th j: |, ot

peri pher al v[@%ﬂai rragQ‘ agg?ctﬁées? Sést?g’edéé %%qﬁt?oﬁ‘ﬁpgpg I?Ozﬂr&\)qul{brﬁl l{gﬁpeé
case, fittingnthgupaiilydpioddfbeud it BRpetipiadraliagion bethprafnal &hsnydpid
provide a relatively |arge ADD ,gpwer thaﬁ) wi || nove .the p ri.%%gral

vi sion i magedefecustigipsiprevest ardehigd 8Ys HropiyHereRy RIRETHEE Phig IbitH5031] | f
the patient F‘L@é{’iﬁ%?’gp%&gﬁ%‘ﬁ%‘ﬁé s dalodigsul ts in the peripheral

Vi si on i nage ocuse e retina, " fitting Athe_tpatient with a
| ens that haf000R2] pr of Fige4 Bustwates a plod V1 Gidatcdntais thirpRifpsor PowRat  wi | |

nove the peri ral,.vjisjon . e fro eing f e i to
bei ng focuseB'p‘ﬁ%ﬁeSﬁlzgnlﬁo@gtlﬁgﬁ%&'{eﬁg?a F RY grﬂ(%;.:/%,ﬁ%&l’eg)rt (—:-lg%a{ %@ﬁnﬂiﬁas
an uncorrect gg Yi $hepowadrofiles Ud,930 and 0 greyin pliie exdmple, insdtivemativalje
bei ng focused slightly in front of the retipna, f'ittliﬂgﬁt%he atient
with a |ens idsaticahisthe Rentinl pertion 19 cpsupdicatpdt BYperion 14 e hower
that will no rd Vik S| I’ hoti ) ¢qrh At thee

di rection toy\%rﬁ zé?&}g&céﬁgg%[noﬁ&%& .elrlnﬂglgl% %?‘Hr?%{é]sh%lgses, t he

addi ti onal - AbBirploxyewhqre thei cgrtallapd peregphieeat portionsi 1§ snd 20 mydpile def ocus

in the peripheral regi .0f the retina. This N | ps
prevent or i RHCEIAC %ERB}I%Wh?Ge]Pﬁ% Q‘S;P"BVF%BYQQ |§gbglr3%%(ﬁgﬁg?{&} 25?
myopi a and/ omaael bddoatiniighstover @t begidarybetwyophacent@0aR3 ekipheradt
illustrates a plot 110 that contains three diff re{'ﬂtr(Po\Ner profiles
120, 130 andpamigni Hhtnd4le 18gfhesBlogdspdhtas b f“iyrg‘§ FRrdep hE Ve ot

shown i n Fi gy, by 116 ﬁ@?é’iﬁgr B P the fhatirthatida Quitiidnsl thet @sibel the bioifiFes
mat y Int

exanpl e, ematica ent’l ca he central portion 10, as
i ndi cat ed by!pyritDend 1404 of the power profile, which extends fromthe

center 2 out proximatel y, 4,0 mm at 0 .
central and B@%%ﬁer al #%roeﬁfnéﬁslf%be AR rfgmnggstlﬂaﬂ%ﬁég\égfg%i%%\%at h
this enbodi NBRbewibé finbOWE thepsrofiiel vl R Callylid0 banshtihdOusa yhedroundarynot

be conti nuous over the boundary between the central an eri pheral
portions 10 awbthersforevidlinespe diffesrntiable in e fﬁ&i{%ﬁ‘éﬁty’;"“ afﬂ\?%f)f‘?&ry i

et v ve MEAEL 195, B e eyt 3l g mmermi
profile will typically be continuous at the boundary, but will not be differentiable
in the first derivative at the boundary However, provided other boundary
conditions are met, a lens having any one of the profiles 120, 130 and 140 will
work for its intended purpose regardless of whether it is continuous or

 discontinuous at the boundary and regardless of whether it is differentiable in the

first derivative at the boundary.
[00035] In particular, the only boundary condition that needs to be met is
that the difference between the optical power in the central portion 10 at the

boundary and the optical power in the peripheral portion 20 at the bouhdary

10



[ 00034] For exanple, if the power profile is mathematically defined by
a piecewi se function, the profile will typically not be continuous at
t he boundary, and therefore, will not be differentiable in the first
derivative at the boundary. In contrast, if the power profile is

mat hematically defined by a spline function, the profjle wll

typical |y becanostttierivogsaatProvidedbisfpangary sordigen is mebtthglens peripheral

differentiable.in the first deri.yvati v t ' ision
provi ded ot W‘%&i&i} yoggtﬁ&iqols“grx{g‘b‘gr@p% r,tﬁ'ﬁ ‘quﬁgﬂﬁgﬁeﬁ@gﬁgﬁgﬁe of
the profil esif20in 43Rectivg tdwdid tid dorvearfloni either behindithemeted, puthsasiéna
regardl ess of whether it js cont ',nuoushi or .disconti ngegus (51& AL@S the
boundary andorriadiantipiehs reimaydraeang pq e dalynt fAPENISCES ST H e P st
derivative allianbAMRIR ¥rorlA00GST0NnRAR0 bOME BoundefiOnilinior résalsdary

condi tion that needs Is that the difference between .the

optical powesrtifaets dretiee nbdealredofifectsom the visionsyaeB@s g5 thPundary .
optical power in.them%eri pheral portion 20 at the boundary cannot be
too great. PrOMHUPRISINHs boundary condition is net, the |ens

per : phﬁr al pwogmnl 20 yad diffpreavd iil_e)pa'caﬂgm_siNEi mehmmupbmﬁonh haat the | |

pul | the peripheral vision imge in a direction.t rd the cornea
from either beundaey andéhg eticalzpovsR I he PRiaphe pBB‘OP%\ﬁ?alt g‘r?tbog?a:a?%e
retina, depepdi hSBbuts. ¢/ DEHErE Ghe Prafdrablofs ndisater thae

di scont i nui t%“%‘ﬁge%ﬁ%ﬁs’%%‘&% T 146 ¢t he b%ndggﬁ%m It

not result i mbcutBiofRiopsrsorn tetrdet WAGhewn idFigs |.der rroble 12Rethg gpce

system as long as the boundar ondi ti ' : hai i
di fference it GHCrRAVER Fcf%raﬁﬁ%l%gér@ E %1*‘%%‘?%%@% t h'ep%%eljr_riltljar y
and the opti galpcApN&El goRidr B Aelid Whadal ipatly boout 26 Riopterse Whinrrasity

shoul d not be greater than ahout 8.0 DLoO r and preferably is.no
greater thanmebsiie Buodamy sprditien. E%Wﬁ?@eg%@ﬂﬁéi@fgg%gw RAc i%’.“} e?,mnf or

profile 120, .t IS hi&ahnd@@eRptitd) pbier iaehd pealphpat ti on
10 at the boﬁhﬁg&g?gélé)ﬁgrot%ﬂl?e%p%%gl pgwgr ;é(r%])&)t]heppe,ri pherlﬁal ortion 20
at the boundasyioh20anthy babudary i5.081Dihopt @7 Diopipriscihich spsly MRgEt8et he

boundary condition. Fqr. prefile 130, 164 T ' ] per

in the centr gf’“’ﬁ‘@p‘t ‘f%‘ﬁlt‘fg‘ gfm]tkﬁ}sy’ g%@ﬁ%rg;ggﬁég{hﬁ%&gg% ﬁc@ﬁkﬁlme in _

the peri pher ale RafligaRiod0l 0ad: thdtuhdarndad sheioptical ppwabiauhe periphBrabpt er s,

which easily neets the boundary condition.  .Simlarly, for profile

140, the dif pertiencd a hedprndeay lsw%é?ﬂ)oiuh&gﬂ?éo@gﬁtWé‘lcxﬁ?ﬁ"lt%'i%netsl%%at the

boundary andbg‘]m%a&p&jngﬂiémpomer in the peripheral portion 20 at the '
y about O.

boundary is on 6 Diopters, which easily neets the

[00037] The power profile selected for the peripheral portion 20will -
depend on the patient and the amount of vision correction needed or desired. For.
example, if the patient has an uncorrected vision that results in the periphergl
vision image being focused behind the retina, fitting the patient with a lens that
has the profile 120 will provide a relatively large ADD power that will move the
peripheral vision image so that it is focused in front of the retina. If the patient
has an uncorrected vision that results in the peripheral vision image being focused
on the reﬁna, fitting the patient with a lens that has the profile 130 will also
provide a relatively ADD power that will move the peripheral vision image from
being focused on the retina to being focused well in front of the retina. Similarly,

if the patient has an uncorrected vision that results in the peripheral vision image

11



boundary condition. [00037] The power profile selected for the

peri pheral portion 20 will depend on the patient and the anount - of
vision correction needed or desired. For exanple, if the patient has
an uncorrected vision that results in the peripheral vision inmage

bei ng f behi nd h
nas. Che. pr of PPBE k0 TEnfy A7t of st DRFg RGB! Siche Mol R "™

will rove theeRRefilRNa0 il pididerh snEIGEDBpdWeathat will ofethupedplienalf r ont
of the retina. |If the gatlent has an uncorrected vision that results

in the peri pﬁé“roéllln\?g%ﬁ fileimergdn tsidirgetidawad tBHCUA retina, fitting
the patient. 'r,e” élf‘@ﬁtp%@%astegeth haitidel A%Q) ﬂxlrérp%ﬁ@edq{}pﬁﬁbde a

relatively A m)vet e peripheral vision imge from
bei ng focuse&n@haqlhgtheqiroﬁiias showdh e, Baewdte th mwebdpic defofwsanttheof t he

retina. Sim-larly, if the patient.has an.u orr ted vj S|

results in tﬁ‘é“lﬂéﬁ] fﬁgé‘?rh?fts? £SHBR FH’BQ@' OPk?eCr “hyUf ﬁ%‘ﬁ%%rgv Othhﬁg;;?%yrel
front of thegfflthNAerchy fnte'vé}ﬁlnrg*b@nﬂﬁilh@g\hywplhﬁn@loi ghdidrititg thasffédueof
profile 140 will provide a small ADD power that will rmove the

peri pheral viopid-image a little nore in the direction toward the

cor nea. [OOOfﬁbgla]eal I %e h&gﬁﬁ 198589 Bhgo ﬂ.@?lbteldgg&zlﬂbed\gpaWE of

provi ded by ns havi rofl es s results in
myopi ¢ def ocusthematibal fmmtmphéuata:heafte@a orundérytcheditien dmrlbeﬂﬁbswmopl c

def ocus hel ps revet or [ epen r
i nhi biting niflfg'ldyga ‘H/eé?mﬁ ?@Pg\frf/ﬁax%tawgtpé?qeg&ste %109 gﬁllealh&glog
[00039] The P dt ligsited 20th rési{éctaca@helqﬁ&hamwldaemeﬁ@fsltbmrdayseawdamae of
mat hemati cal functions that neet the boundar Conﬁﬁél on%]gw’lcrl bed

above, i ncl udierrgoﬁlies)rn th aerinheral §9qtion%2@ uhiehquddge nefed frrbaltiprgh the
functions. ﬂlé"svrﬁ%&% ﬂ)eO{lﬁdo%uHQ&us at {B'gtbggndg'r); 0. §9P&fbrehBabIBf the first

mathematlcal unctl S finéd the profiles in the
peri pheral pderfivaivs), @.actunl Bhosirfhctepraitably arh aontaiuphs ubie mﬁmeprnofl | es

I e

conti nuous. %ﬂ%%@Enainﬂfawir&lrwm@&ﬁﬁi%u&?s\/duf@ce@ﬁs)lf:ﬂdvﬂﬁlnttmﬂ-aﬁﬂ
di sconti nuous a he boundarx can be desi gned and nanufgﬁjur ed with
f

conti nuous sexdmaplesontcklgnih hpving peticat zonegsy the ¢efiis! ROTUEBHPAA® | enses

Lo 73,00 BN Sol f PRLGETAS BB el ere cefned by
[00040] Likewise, the manner in which lenses having profiles that are
continuous at the boundary can be designed and manufactured with continuous
surfaces is known in the art. For example, contact lenses having optical zones in
the central portions that are defined by polynomials are well known.
[00041] The optical zone provided by the peripheral portion 20 may be
formed on the front surface of the lens or on anterior surface of the lens. The
manner in which lenses can be designed and manufactured to meet all of these
criteria is also known. Therefore, in the interest of brevity, design and
manufacturing techniques that are suitable for use with the present invention will
not be described herein.

[00042] Fig. 5 illustrates a flowchart that represents the method of the

invention in accordance with an embodiment. A selection process is first
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[ 00040] Li kewi se, the manner in which.lenses having profiles that are
continuous at the boundary can be designed and manufactured with
continuous surfaces is known in the art. For exanple, contact |enses
havi ng opti cal zones in the central portions that are defined by

Do bherar “parrbi s e s TR BRLARbAR BRI R U

or on anteri edlecsdd, hamQicafed bR ®1dRNS0. Th@sdl@d%ﬂ%fowwpmﬁlecmaybaﬁﬂa can be
desi gned and manufactured to neet all of these criteria. s als

known. Ther efiogle lenisior fored lppt €ries tEash lensof p gjyen deps isgiesapl] have the Same

manuf act ur i n? \;V&?gg{)gues that are suitable for use with the present
i nvention wiPf e described herein. [00042]Fig. 5 illustrates a
fl omchart thg0dgpr esebhse tﬂub@owezt]irroﬂ]edﬂas béen selevtedita loms is designedrtdance

whi ch . powenagteripbe Grortan el PRRes Bt ofisel Peron PR B e LR
sel ected, as b@&'ﬁ@ﬁ]@%sﬁﬁd@i’t@&gy ﬁ@@k ITmef)WéQﬁé Qéhlglpmﬁéespl’tﬂﬁlbil@ daray

be for a S|ng e I'ens or for a lens series | ens_ of a given |ens
series will beftveare heogsamexqsuied by BopGepsr PEIBTOM IPeoREE IMINETTp® e r

profile has Qes'ie%le§ %\{aggetnggtesaa lle@s']ﬁode? hgﬁﬁé B8 riQs egﬁggefﬁlei%ﬁé leRb &Rl

portion that trcal controf provi y the selected
power profil eu,eselmtbdilﬁbwatmdﬁley bl ock 170. During the deS| gn process,

Focei ves i npl00H B "SGRk SRPGEAET Bde R TR ROGEF TG  he

surfaces thatedebf RAs hitendrRRR A ab hﬂl&@d%ﬂbﬂ?&kﬂ@w&m wiriety dfe.
manufacturing techniques may be used to manufacture the lens or the lens series,
and the technique used w111 typically depend on the type of lensto be |
manufactured as well as the types of surfaces that the lens or lenses are to have
For example, in the case of soft contact lenses, the manufacturing technique may
use molds to manufacture the lens or lenses. Typically, many soft contact lenses -
are manufactured on a manufacturing line that uses processes, materials and
equipment to make the lens and inspect the lens to ensure it is suitable for
‘shipment to customers.
[00045] A different techmque may be used to manufacture phaklc 10C .
lenses. Likewise, a different techmque may be used to manufacture hard contact
lenses. In addition, the technique that is used to manufacture the lens or lenses
may depend on the selected power’ profile. For example, the technique used to
manufacture a soft contact lens having a continuous power profile defined
mathiematically by a polynomial may be different from the technique used to
manufacture a soft contact lens having a discontinuous power profile defined
mathematically by a piecewise function or spline. Persons skilled in the art will

know how to select the appropriate manufacturing technique for the selected lens

design.
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[ 00044] After the | ens has been designed, the lens or the

correspondi ng series of lens are manufactured, as indicated by bl ock
180. A variety of manufacturing techniqgues my be used to manufacture
the lens or the lens series, and the technique used will typically

depend on the type of lens to be manufactured as well as the es of
surfaces thatooﬂ‘%fé | enslt shouldhepaiedthat the epfhy dhat F%?Ct%ﬁ‘ﬁli’ﬁiwgf p‘ioﬁﬁ‘%/ﬁé
case of soft G 1! 1%&! | I {H3Qarh€ ChYt QR dBRYnsUHA
nol ds to mn@?%%@%@ltpﬁgﬁ%gﬂ?;%?b ensgg&t&%/pi cgl ly, :"ynan SO I%S cont act
| enses are nmanffactnes efitheners. Amleises therentity thatmeanufesturesias ppveicustiss

nsur e 11 | SioE QIAPRBPRE Lot prhr. 1 FRapbfe B R B A GR eh e,

t echni que mapsbeThEes sihplerantf @ehdé 6r PbRiEntti¢shay porfes. the pioeedsse, a
different technique may be used_to manufacture hard contact | enses.
I'n addi ti on, representedtbiniihgdtovechat iljustregd i k18- franuf acture the |ens or
enses may JRRGRA ON GG BEhGEd AR iRCRfibi Bas VEK JEXABRI @itn t he
techni que used to manufacture a soft contact |ens having a continuous
power profi | efdeddenederain Hemastiveanbpdyenss qudithatidid iaventipp ipeotdintitedr ent

fromthe technjque used to manufacture a soft nt I [:ng a
di scont i nuou® B%PO‘BPSFQSFSSC&‘QF? ﬁ%rﬁmrrﬁ:toﬁgmﬁl%iﬁgsyggbd §%§$%2%'§e
function or S@ldeefilEEMEORE e Dbl dR6kibdd Helegn Rt exwwhplaryknoposegwnd che
sel ect the appropriate manufacturi n% techni que for, the selected |ens

design. [ 00O®e]tian is nefuingiteskiotbse araiiest Peprenefidiedintheat Wil ects t he
power profile t:h [ r ti , thBWanR&SH whdh fdRer t he
same entity f“l‘*lé??;t géﬁgﬁg&gﬁg%ﬁ.g%&%gg%tdﬁ@g 0 erfaﬁ’e Ieng.. Li kew se,‘rt he
entity that pamtipacfilus e hiewelepdehat providel the paiphetadpprsion phthedenspwith i on
may be, but nged ot .bai, th? sane entity that designs the | ens. Thus,
a single entfE§UEH OPHIRES O ore entities may performthe process

represented by the flowhart illustrated in Fig. 5 [00047]1t should
be noted that the invention has been described with reference to
certain illustrative enbodi nents and that the invention is not

limted to the enbodi nents descri bed herein. For exanple, Figs. 3 and
4 show certain power profiles that have been described herein for
exenpl ary purposes, and the invention is not limted to these
profiles. Persons skilled in the art wll understand, in view of the
di scl osure provided herein, the manner in which other power profiles
can be selected that provide the peripheral portion of the lens with
a desired optical control.
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CLAIMS What is clainmed is: 1. Alens for controlling a |ocation at
whi ch a peripheral vision image is focused relative to a retina of an
eye, the lens conprising: a central portion having at |east one
optical zone that provides opti cal%l%g ol over light rays passing

t hrough the central portion, the c portion having a power
profile that optically controls a |location at which a center vision

i mage | swheciyeR@me@isati ve to a retina of an eye: a peri pheral
portion having at | east one optical zone that provides optical

control over light rays passing through the peripheral portion, the
peri pherlal pd¥ lenefporisantraiinga josgian g5 wdrah aeperipaeraboypsipe dhagp it thgusedirela@ve
| ocati o i i r yision imge is focused relative to a
retina g?ggeﬁ}é@fg.gn%e?ﬁ{mé{gﬁsgﬁ%ng#@cl aim1l , wherein the central
portion extends aarcagtialpodioattaning af teasn che ©ptitat zowf thhthgrolidesopichvanhdbly

toward a periphery of the.cepntral portion that is between abaout 3.5
T LT et er e, CHE L A BB e e SRR RGBT e R PYGAB PATR% 3 PET B
extends a ragidtle @hat lopAEAly dRILR DRIAEIART ¥ WHEK @ dehRr RRSIPISIY 9 fodub&
central portion neets the peripheral portion to a periphery of the

peri pheral pépleliafooretiBodensys nmto about 4.0 nm 3. The lens of
claim2, wherein %gge{ipgﬁﬁlr P&‘Ei%!ﬂa@in Fat{0&R¢ BGEL! Bgzﬁaéonpgl%a&![ (Pe i%e;suﬂo&ical

defined by a mathe unction that 1's continuous ary
wher e t he perbphdropeofight heysqenting thrpuaght the pen@etd pbhtnperipstiphiall portion

portion such that it is sible to .take a first derivative.qf the.
Punct i on. - 41T anae BRTES inoeitc ErtioR  IosStan Hlorieh e BFmsr o
i's a pol ynomighge is%cu?é’derelaﬁﬂé;to@creﬁhﬁéﬂﬂn?e’ye.mer ein f[he power pr ofile
of the peripheral portion is defined by a mathenatical function that

is discontinuous at the boundary where the periphery of the central
porti on Zreet $heHenspedr ¢lpired al whssein iteh cengieh pettian axtends pirpdial dietencgafrome
of the f ' [ ' | e ' [

o ovt e RSt ARb B0 A A58 o BRI ForRPA G RRUER oy

and t he 3opiltialetepo@uen) gprdoatiode4l0 mym}] dnd wploanein thpr edripherabportibre exyerids phadial
portion dat theﬁbou dary differ by no nor han about. 8.0 Di gpters
istance from a boundary where the’ periphery of the central portion meets the peripheral

portion to a periphery of the peripheral portion of about 3.5 mm to about 4.0 mm.

3. The lens of claim 2, wherein the power profile of the peripheral portion is defined by
a mathematical function that is continuous at the boundary where the periphery of the central

portion meets the peripheral portion such that it is possible to take a first derivative of the

function.
4. The lens of claim 3, wherein the mathematical function is a polynomial.
5. The lens of claim 2, wherein the power profile of the peripheral portion is defined by

a mathematical function that is discontinuous at the boundary where the periphery of the
central portion meets the peripheral portion such that it a first derivative of the function is not
obtainable, and wherein the optical power provided by the power profile of the central
portion at the boundary and the optical power provided by the power profile of the peripheral
portion at the boundary differ by no more than about 8.0 Diopters.
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6. The lens of claim5, wherein the optical power provided by the
power profile of the central portion at the boundary and the optical
power provided by the power profile of the peripheral portion at the

boundar di r n f
ol ai m 55 whertbf ier8 g R RL b A0 ARy PoRerbBhE By s oon P B e
8. The lcemml @brthait theZbountiat eind thmeptpﬁv\pcswarméwti@i of tHehmmlprqahebﬁthe
portion is defined b a mat function that conti nuous at
the bouRGERRFralREen @%@P@%%W f‘aﬁyeﬁel%%mapa O%érql%ﬁterﬁeet s the
peripheral portion and that is not differentiable in a first
derivatipve atrpt s BEURARE Ywh A HNRA R BERRIdnG 2k pROMESe RhOYded by
the power profile of the central portion at the boundary and the

optical power provided by the power profile of the peripheral portion
at the Bounda”hylmhisbf elninbb @, wherainrtke pdvear padfdepf &e(pem)hqnalqmstion i9 defitled by

Lrori o adpdtbdhutical ARG Tl O b & Rian B0 Whirs Yoo et R R conuca

provi de@ob%ntrh&tm%énﬂ{dﬁllﬂoﬁl&lf arlddnBat{ie Ihbp«ﬁiﬂe&huﬂﬂé id @Mirdldefieive at the
boundar)é differ no nore than about 3.0 Diopters. _10. The |ens of
0

cl ai m 8boyBFE .aﬁd t"’l‘iefeﬁ*atilﬁ epgal ayermEnadsddy the pawermrpfﬁlé of thecentyy portions
of any i

R b R O D e R AL T
i s a hantithe bnemiaty dh&nlsby n01®ore'lfhal ¢ben158 oDightasm 1, wher e| n the |lens,
when worn on a person's eye provides nmyopi ¢ defocus of the

i ph | t h wt h
e PNTRR! B Bt o phin s Rngrein g Bl Pt RO R drohe oPfhe

person’ %elﬁb%ﬂ? oRtiR dt @{eaﬁcﬁl%dﬁfyfa‘ﬁﬁttﬁe @ﬁindaypma provi@ed By BRL g pRdfile of the
providing a [ens to be worn on a rson's eye that prevents or

nhi bi t s PRYRISTE PRIioprREhE RP P sodlfﬁelhwr B mpff‘gthey@ow dtHorterse net hod

conpri si ng:

10.  The lens of claim 8, wherein the mathematical function is a spline.

11.  The lens of any of the preceding claims, wherein the lens is a soft contact lens.

12. The lens of any of the preceding claims, wherein the lens is a hard contact lens.

13. The lens of claim 1, wherein the lens, when worn on a person's eye, provides myopic

defocus of the peripheral vision image that helps prevent or inhibit growth of the eye.

14. The lens of claim 1, wherein the lens, when worn on a person's eye, ameliorates

effects of myopia.

15. A method for providing a lens to be worn on a person's eye that prevents or inhibits
myopia by preventing or inhibiting eye growth, the method comprising:

selecting a power profile for a peripheral portion of a lens to be designed, the power
profile of the peripheral portion optically controlling a location at which a peripheral vision
image is focused relative to a retina of an eye, the lens having a central portion, the central
portion having a power profile that optically controls a location at which a center vision

image is focused relative to a retina of an eye; and
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selecting a power profile for a peripheral portion of a lens to be
designed, the power profile of the peripheral portion optically
controlling a location at which a peripheral vision inmage is focused
relative to n ens havi ntral rtion
the central g{) dt%&ng% d%glgf? of g Ye%s hgx}iln% he ce tra tpﬁrqgmaang aqqnyhgrgl ort1c|>ri the
| ocat i ompesiphendlipottion haemgelﬁe Sele‘atedlpovvﬁﬁ;geﬁles focused relative to a
retina of an eye; and produci ng a design of a lens having the
central portion and the peripheral portion, the peripheral portion
havi ng tle sdheatcdwdpdalarmgp ofurther comprisiae net hod of cl ai m 15,

further conpr n [ I of | enses
havi ng t he |£%§h§g%Fg§.%&§§%g h%gﬁg?#%ggggac ?wq§§(k£ &rein the
central portion extends a radial distance froma center of the |ens
out war dlyy. t ovgE ghethdAESIRRGI 1%, QheleltEthe esﬁtfa@boﬂ@@ﬁtekeﬁdst Haldial alsﬁﬁweeﬂ a
about 3.5 mllineters ( and about 4.0 nm d wherein the

per i phercahtehef the damns outvendly tawprddi mnpapet@nh@cqmr@hp@lb@mérlgptvmmraéout
the peri rtio

s per i proy SRk ARy POk e By i BERLRNRE BbI TR
nm  18.distdnee rﬁainhad)ouﬁdary awherelﬁ],e m{mphﬁymftthe cmmhlpopronfméees dfe fiefipheral
peripheral . partion . is defined b a mat h tical function that is

P ont | nuGREit> o e RisD G PR PBOBaE REHEr s T8 1 FOCAT por ti on
nmeets the peripheral portion such that it is possible to take a first
derivatijg¢e o i

power prl\g’f il ;Th%]t}ﬁ ?t&&ew%gn elrélgw%%‘?? |tg§tq%§]gﬁg)hfﬁ!eg’lf%elée%ﬁﬂ Oﬁl(%g

f unct i onlefitat by smdihsmetidal tfmmuen tiat s leentrmondatrtiye Mmdayhﬂerqaﬁe mpdn;ﬁreyy off
t he cent al portion neets heral portion. uch t

dor i vat 116 < e Eer S by SeRBheHbatimbRet Rt ihapttl: Pkt s
power p&@ﬁb@ﬁ@obﬁwqﬂﬁxﬁﬁmer profile of the central portion at the
boundary and the optical power provided by the power profile of the
peri pheral portion at the boundary differ by no nore than about 8.0
Di opt er 9. 2(Qhe Thehokbhethinf 17| whareih Ahe wosreiprofilhef apt iperiphepaivmmion is
provi de he ower profile 0%9 he.central rtion.at the ound
Pha "t ho Ebed= BEEmafiaD binster byt s ERlbRte ot 1ogRaRy oindeBF PR
porti on ofithe &atrslqw@taf Weélh tHeqferibMerflloy oM Esuch @iht 3R dedv Rivid (ﬂ@ﬁeﬁfuﬁeﬂon
21. The nmethod of claim 17, wherein the power profile of th

per i pheriaPotsbiainable, pad wheteralie pytics! H%‘Y‘Ffé’f%‘{lii@all’y thg ﬁeW%mOﬁ}%&f thescentral
continu Hﬁ dalar 1S Y thRBHE YiBEERY h! Sﬁ tJf Oiphd: AN
neets t e befﬁp eﬁgﬁ porf*on g ﬁlkﬁgmqﬁslnot:%%?%ere ' %%H%é% i
first dennumuﬁﬂekaumtmEdﬁbuhﬂaoynnaﬂﬂnmhemé@dehemopt|cal power

provi ded by the power profile of the central portion at the boundary

and the optlcal pomerfprOV|ded by the pomer profile of the perlpheral
portion 28t t Héemsthndaatyrlams e whelpimbe ephieal pawsr rpvided By themogist aodile of

the central portion at the boundary and the optical power provided by the power profile of the
peripheral portion at the boundary differ by no more than about 3.0 Diopters.

21.  The method of claim 17, wherein the power profile of the peripheral portion is
defined by a mathematical function that is continuous at the boundary where the periphery of
the central portion meets the peripheral portion and that is not differentiable in a first
derivative at the boundary, and wherein the optical power provided by the power profile of
the central portion at the boundary and the optical power provided by the power profile of the
peripheral portion at the boundary differ by no more than about 8.0 Diopters.
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22. The net hod of claim 21, wherein the optical power provided by the
power profile of the central portion at the boundary and the optical
power provided by t he power profi le of the peri pheral portion at the

boundar )QZQI f fI%r e¥h0rc'i Rhif f 1, w eraepno e ogfmal powgr prov1ded by the power profile of
the central portion at the boundary and the optical power provided by the power profile of the
peripheral portion at the boundary differ by no more than about 3.0 Diopters.
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