APCDI ZED DI FFRACTI VE | OL W TH FRUSTRATED DI FFRACTI VE
REG@ ON Background [001] The present invention relates
generally to ophthalmc | enses, and nore
particularly, to intraocular |lenses (IOLs) that
pr oVAR@DEZETA DEEER ATFIVEGIaWE T FRUSTRATBDIFFRACTIVE
I ntraocul ar | enses are roﬁé@f&ﬁ( inplanted in
patients' eyes during cat surgery to replace the
natural crystalline lens. Sone |ICOLs enploy diffractive
structures to provide a patient with not only a
far-focus power but al so Backgigind ocys  power. Such
ICOLs may al so provide a |imted degree of internediate
vi[e(i)lanlhI@rdséhtt meentibafl fldies pneREY ttb esphifalhiiaelehy¥s, and more

pri nar ens the far and near powers).

[ dﬁgﬁ%‘ﬂ%ﬁ% A %iﬁ\%@r(fo@? HaF provifip EpaRasA ipIeRtecIan

| OLs that can prow de enhanced internediate vision,
arjo02yo litrapdutar i lenska atey routiey 8mplantad fe atich! e§esc Hhrlr@-é‘ataract

that provid I JTpr ove nt ate_image qual it
Wi t"aTﬂ?ﬁ‘g‘F dﬂ%ﬁ tcrﬁ%ﬁj{% gﬂ‘? orSEHe {ks eaplovh fiffractive
NegiictbSioqRovid ipaiicht wifiQsl odipa fﬁ‘-’-i@&%rﬂoWeB BRI near—foaus
enerally relates to diffractive ophthal m¢ | ense

- ( @oyer. Sueh Kilsgpayiajso nreyidy 2 fimied %sm phieteRediatg yifidmne to the

f @efocidprdRrtids bRGE 08 pAMRS 14ds POwaE (ilel %e f‘af‘:ﬁidqﬁ et
to an internedi ate | ocati on between 't he anear

fx@d Jﬁ) artlculﬁrly ggchadlffractlvelens can
3hakhege i preyen sl agtepd for ditacting JO% sthalcrap eeyide gphanced
dijiteredediBteRMidd, @i Blord Petidulelyd@Bk id i 4R HPsdch ?OLS that provide
intermedj ate | ocation. |In many enbodi nents,

dln%}%flogfido’i‘ite&ﬂedéatﬁ dmegeonuabity ‘t"ﬁ@“lt ARy sigpificant &HW@@OTIH% the far
| Dh@hdxedkighe |ocation is achieved by providing a
sufficient difference between the phase del ays

generated by two or nore zone boundaries of the

di ffractive structure. [OI%SI In one aspect, the
_invention provides a diff ophthalmc | ens

(e.g., a diffractive IOL) that includes an optic

h a4 gThmprasmehivaimngeﬁ&ﬁRy felutesato [@diffhetive @phthalafié dbees (e.g.,

\;\gghgc‘tu{yp 30 t C q?(\éclcdt?g’ar %.nIl e}'rar I;ogic %ﬁﬂe ﬁlrgclztgnfgrz? %to{'tl\()g of the

incident light to an mtennedlate location between the far and near foci., More

particularly, such a diffractive lens can include a diffractive structure that is adapted
to direct a portion of the incident light to the intermediate location. In many
embodiments, the diversion of a portion of the incident light to the intermediate
location is achieved by providing a sufficient difference between the phase delays

generated by two or more zone boundaries of the diffractive structure.

[005] In one aspect, the invention provides a diffractive ophthalmic lens (e.g., a
diffractive IOL) that includes an optic having an anterior surface and a posterior
surface, where the optic provides a far focus. A diffractive structure comprising a
-plurality of diffractive zones is disposed on at least one of those surfaces so as to
provide a near focus. Each zone is separated from an adjacent zone by a zone
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plurality of diffractive zones is disposed on at | east
one of those surfaces so as to provide a near focus.
Each zone is separated from an adj acent zone by a zone
boundary that inparts an optical phase delay to the
| einfiRRY thhtl i8fphrts Eﬁ‘ bhtRal pha@é dd18PR the IRIAOMSHEC FLHNE, at least
zone boundaries (two zone boundaries separating one
c dYPsAnseentive rzoae j houndagine (oo ranevieuadariee rsemratmn@@) cagpraon
C Qi¥rh Aidh S4nS Yiokh W@tdlﬂergx#tf{oﬁé coﬂ |1th a_difference
associ ated phase d eas one vvave th ot
t Petwieprtiheie agsosiatgdh phase de@rse?ax & deastrran wabdength pDibe mcldent light
wavel ength (1 A), and prefertably greater than about
1/idgre@€ thary ebean did0 Gavelehdth (e—d.), ardnpréferabhggrestér thbo dbout ¥
1/ 20 wavel ength (20 1) to aB8ut 1 wavelength (12), so
as to diregt a portion of the incident light to a
| seselengh bptideerg, he ransarof aboutf H20 wewélenglio @G} 1) rio about 1
rel ated aspect, the zone boundaries conprise
p avlrigthy (15, ébta%rlﬁ diredt@rprtivh of liesiatidénddighom SEI6¢HtioN Between
tthe ps exhibit .a differential height adapted to provide
I ead B dfigr eat er than about 1/20 wavel ength, and
preferably greater than about 1/4 wavelength, e.g.,
i [008] riangelarf agleot) theldoBO®bmmiaies Bethirist @ phlxakity of steps, where at

T B0 st (St o RAC A UE R R AL r it o

OflifRteRRSgrafte BAR abRR UMW R Eengh, aﬁdSperefaﬁJIyagﬂeht&eﬂaan about %
structure, a, portion_of the steps exhibit decreasing

h&PERNeth, &8- i 4 [ARgE PH#Poyt 1/29) (‘P’P‘é%"é?gﬂ"gt°@i’%‘%taln\‘:’e"e?"1“5% eﬁbelr

Cefdb@itedfhald @154y f ace on which the diffractive
structure is disposed, that is, a portion of the step

ts are apodi zed 08] another aspect, the
dfdﬂ?faleﬁr\? °% @FRECH dFetthag?We %Tgr#@ngz i Blupabifs of Siept jas ¢gne
aboundaes af Reldikedckiveischicre, AtpoHich oF ﬁletsféﬁi exXiifdeRredsing heights
portion, rather than the entirety, of l ens surface

ofs tufimckion 196 1%%?%@1&#@@@ fama é'é?s'éfdltef[clfdb? spifacg R Which the
a I

o ive Whoh R RPUR, he L GO 0 R BB Fre 0o
E)ase del a s for at | east one wavelength in a range

02hda fm aspretithe diflsastive stnchiwg plthe ophthajmicleps comprises a

- truncated diffractive structure that covers a portion, rather than the entirety, of a lens

surface on which the structure is disposed.

[009] In another aspect, in the above IOL, the two consecutive zone boundaries
exhibit the aforementioned differential phase delays for at least one wavelength in a
range of about 400 nm to about 700 nm (e.g., 550 nm).

[010] In another aspect, the optic provides a far-focus optical power in a range of
about 6 Diopters (D) to about 34 D. Further, the diffractive structure provides a near
focus add power in a range of about 2 D to about 4 D, e.g., in a range of about 2.5 D

- to about 4 D or in a range of about 3 D 1o about 4 D. The effective add power of an

IOL when implanted in the eye can be different from its nominal (actual) add power.
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[010] In another aspect, the optic provides a

far-focus optical power in a range of about 6

Diopters (D) to about 34 D. Further, the diffractive
structure provides a near focus add power in a range
ofpopR@dMpld the E&n‘zﬁfi’*@féﬁ 04” tl% co?n&l owdl afld rtlﬁn&ﬁar%orﬁpéw&n the
2.5 D to about 4 range of about 3 D to

alygthea angthe THE cen N@ékqnvtée é@el’ s Efoasive 0dd pewer] €k, wiveminal 4 D
| el BoN&<ah Rlilf 28 fediv o LR
(act ga) add spowélr © Y gé‘éﬁ%&q{l%&’eﬂogo |§%?‘% or 8
t wectiony, rialess pthapyisen indicated, ﬂwep'amaﬂlwwebef \aédarpowe:erefer to the

c

polonfibl Aefal s hddpdith YRAKER ot Ml it Sy Epdi v
3 vibeatifedOLiisimpdmhtcdinviereyé.or t he whol e eye. In the
follow ng sections, unless otherw se indicated, the
regihe a f r

SO YRGS oo GRS ROE e LA pr AR, Some
t lesaregflése of i sweh adateqmds/vancludeh ewnt}tohe linfilati;rs  5ofplaantied silidone,

t . J d { .opti I, .
e N S e L S R T
S weftectient for a @hmculm:éppﬂamom E"bﬂeﬁaniple[‘dﬂ mﬂcmmboﬁiﬁfehts, the optic

o ;?lr‘?el'?‘%‘? P srbriged %ﬁé’l&ﬁ% f ?g&w@ﬂ% 2 BEOIRS e tethy]

r efettmctylaercolmdtonty Yamiiniag Weasofappl | cati on. For exanpl e,
in soma enbodi ments, the optic is fornmed of a

- f 2-ph th
SIORE, B SRR e SRR i i oo
0 @dsze]not mr&nezt inclodasitasd profile tndn extam\aeselepdaa H@ér& @f dsﬁ[biilclty
_a | east ,one qQf .the anterior rB{?sterlor surf

B PRI Y i SO PPN Baeso oo 4 o about —1000,
degr & aQhngaSITbRCLI0Y0 adb6utd-100)0305diR B S ﬂﬁbr@%daimage
conic constant in a range of about 0 to about” -1000
el n a range of about -10 to about -100) or
toricity to provide inproved inmage quality. [013] In

afuashel mashecisped, &ldiffraaivt ioyBhaid A K HisdlRBS thad includes an
di scl gaé;]ad that includes an optic haw;r% an anteri or

sB?tfca N 3% GEIEEPT SHriachy $ aRostetiog irffoey; a1, A Hfpetve structure

dmiﬁisﬁf & plﬁﬁﬁﬁrdf%'iﬂﬁﬁctﬁre%hﬁs%dpb%d% a@ Vbt A€ bof W s Qidfases,
posed on at | east one of those surfaces,
_ w ere each zone is separated from an adjacent zone by a zone boundary The optic

provides a far focus corresponding to the zeroth diffraction order of the diffractive
‘structure and a near focus corresponding to the first diffraction order of the structure.
Further, the zone boundaries are characterized by a plurality of non-uniform step
“heights that provide non-uniform phase delays adapted to direct a portion of incident

light to a location between the near and far foci so as to enhance intermediate vision.

[014] In a related aspect, the non-uniform step heights comprise the heights of at
least two consecutive steps each impariing 2 phase delay to the incident light such that

a difference between those phase delays, for at least one wavelength of the incident

light, is greater than about 1/20 wavelength (-i%ﬂ.) {e.g., in a range of about 1/20
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where each zone is separated from an adj acent zone by
a zone boundary. The optic provides a far focus
corresponding to the zeroth diffraction order of the
diffractive structure and a near focus correspondi ng
t avavbiendth tsdbotli T faafnp@n or der of the structure.
Further, the zone boundaries are characterized by a

pl I it f._npon-uni form st hei ghts that provide
ottt %Feﬁ%“fo@%@%‘g’da |“§¢?°%Fd§ﬁ?a@‘a"6t Ignsy fhecopic Broyides 3 Brfocus
ofopticad pekedttin a lrixgBlof tkbuas DoG abhANR4 PEEWE SR a tlige BF%OS?EL% to

fa[) ftgg:[) so,as tq enhance internedi ate vision. 5[30
| A A8 D) ardia Begs &ocps addpovigbin agmiee of Abast 8D habei B
conprise the heights of at |east two consecutive
sieysd Baafvtherpapdet, the AFRRESE z6lRk aYe ERrdub&ed BF h Rfion of the

i ght .such.t hat di.f.ference between those phase
dé%g’ifé‘,"e f‘gfa‘:ﬁ?‘a? %‘gﬁd‘%ﬁ@vﬁ/ﬁwaeﬁtﬁgt h of the incident
light, is greater than about 1/20 wavel ength (20 A)

( €01G] , Ini sthex aspREs a diffradivd lophthadfhic Bnd\RWE| MDY i @sARd that
1 wavel e%]lgt q? giOl?ﬁL | na rel ated aspect, in the above
dPPFREEE PO WPHCSRENE A antesr strfase 8ud alastosior sriape, €qedh of which is
O pharaerizEd¥Eh bhde ploflANTRe Sftic ??(Q*‘iﬁes @ thi-folusARBEI 8‘%3.3@. ., in
(e.q%., |%§Da rj)n e of about 16 D to about 28 D)p an 5
naLfer gEprouL § 8’0%9@?“ $4Ph apchingldesta dibrstivestctuse ditrosed on
4o oflifd bdface D HRANELRAEs ARBEGcus dtEal Polvbs %g.,'iﬂ & rﬁggg about 2
a‘r?e syrrounded b% a portion of ‘the" respective Surface
t RAP 2Pt ksDNi The ditfracive dmetsnomprise arplutalityonfidéffractive zones,

agPRA3StwoP ofl IWHidA HiME sHRMUAA Witferbf N Ssuficd curviiirel Fk, a
i s, di sclosed that conPrl ses an optic LEW ng an ’
afiffsrepes insg range cof Abeutal 090 &a ehaud 50%Ntd sause acpmtiomdf the light
Wh| [ tier g | . file., The tic
o h 06 PSS 18 ey WY b BRI Ry peIeep Wi e
ofar 4ovd der erhnding Hbromedi®d vidjon. Hodedample de Sorfe embodiments, the

rovi des a near- %

r eavgen affthainoidentlighDotbe dixbnmed to heBhternldadrtdiobfioact i ve
structure conprises a plurality of diffractive zones,

o) i exhi bi t fficientl i fferent
01830 MRl inc BN oftgRatinc: B il shried GRfAiG of ot
dloast bnel GVhe gomb differSbfnotecthapdboet 209 04.4.) i Ahgd dfabout 10%

g S B S o S

[019] In another aspect, the invention provides a diffractive ophthalmic lens (e.g., an

10L) that provides an optic having an anterior surface and a posterior surface, where
the optic provides a far focus (e.g, in a range of about 6 D to about 34 D). A
diffractive structure that comprises a plurality of diffractive zones is disposed on at
least one of those surfaces to provide a near focus (é.g., one associated with an add
~ power in a range of about 2 D to about 4 D). A surface of at least one of the
diffractive zones exhibits an asphericity such that the diffractive structure directs at .
least a portion of the incident light to an intermediate location between the near and

far foci. The asphericity can be characterized, for example, by a conic constant in a
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far foci for enhancing internediate vision. For

exanpl e, in sone enbodi nents, the surface curvatures
of at least two adjacent zones are sufficiently
different to cause a portion of the incident light to
bearife bEsHoRE- 1000 bbdut L 1608! &1B Jin@lrEnde @€ %du?ﬂﬁ(} h9dctk —1dd. 2

rel ated aspect, in the above ophthalmc |lens, the
Slfﬁﬂi(:@ cu%ture tgf at ., | east one of the zones .
diltfer & BYTHIRoEHER logpinge obers or éoge zonebopndagiprfs.gothe radii

albOthe zdfirclitvead HelopBEY bxiby RALE RGustet 036 %o GV RAbIHiS, SPthe
npre adj acent zones. | n anot her

of, gcge Qr 19‘1 I ]
adprEert ?Wetq AvioRatiognbebyesp; the snear @n ffpm dediy eFor example, the
O ppkthénfd 16nd @RS ah 0H) ea}nq{?cludqu)ogB@ ﬂ&m’% AViG Ry %gcegp&s{cﬁor

haan? an anterior surface an posterior sur
wiBtical surfage, sberedhgontigipmuddes a fagfodus c Aplyrality of annplapdiffractive
r 208 affdidBRMALontonl of fh it LHL BEdL S
struct ur AN Mpris ggﬁgﬁ%ﬁéé]?%?? @’%Cgi Ic‘ﬂI‘% e B so as to
z Broside ja qieqr fopnss whieroin eath zone sepapatel fibmtan adiacanuzdnadea zone
t QolaRY 98 1&sNGR orlHRC g, ., 0ne associ at Wit h :
add %y\er %rS} a roafl‘rﬁlge e%gl?s( @b%ﬁf‘ bﬂur%afyo“@b% Eﬁ‘ﬁaj l(ﬁj‘t.“mﬁgﬂtwe
s tir theepdicaifaxistthatéadafinediby the falloeringdthfisiact i ve zones

exhi bits an asphericity such that the diffractive
structure directs at | edsta2pbftion of the incident

i ght. to.an ir%ééerrredi ate | ocation between the near and

| : .

f YFeTpig i dengis the gons, pphey (e lepales: figr eeatraly zoney A degptes the
edAImR wavelig@ (6NiE ' r f 0
o™ (180 6 » 28 oF oouk A0 ol BGET, mdR tngtes o
afostltlengtipef the psagifoqus, aad gy Henotes hwemdins dhithe lcemtal zanes Fofther,

0 0 e e.boundaries (e,g., .the radii _of the
S8t pugta GRREHOn e e ipchamdaty dnithnradid osafion fhet drs
asuffidertly i tat Befiriel 89 tf atlole reldtidk ifsleN buthiv@tespbQive zone so
| ocati on rﬁetween the_near and far foci. For exanpl e,

t Frd© et etHeashi Eottion of ingidept Liglirio befiyectediio pmtarmediata location
ORYtw €en B0/ hedf axtfaf e " BP waR Bfled Q;Q’{h%?ﬁcﬁﬁl 1o&Bbi 68hat another
surface, where the optic provides a far focus. A

pFone 53n differsfroma faat defined by theabpyaselationbies faster il sesethbout
omPRSLEEt soPpse surfaces about an optical axis of the
optic so as to provide a near focus, wherein each

E@nﬁ i s separated froman adjacent zone by a zone
%Hadp puothgr aspectia diffactive pphthalmiedens(is digelosechthbbineltidesyan

B havifidhi @lterlo? 6akidaPl il ' ' bS anti
t I%t. i S %‘?f i ned bgﬁ talje df(ag% @ov?n'\fﬁgmrrl elcgp‘l?% g‘:%dcg’%hc%éopm
provides a far focus. A plurality of diffractive zones are disposed on at least one of

~ those surfaces so as to provide a near focus. The diffractive zones comprise a central
zone having a radius that is sufficiently different from 1}41 , where A denotes a

design wavelength and f denotes a focal length of the near focus, such that at least a
portion of incident light is directed to an intermediate location between the near and

far foci.

[022] In another aspect, in the above ophthalmié lenses, one or more optical suxfaces

. can include a base profile exhibiting a selected degree of asphericity or toricity for
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r.2=ro +2i bf wherein i denotes the zone nunber (i=0
denotes the central zone); A denotes the design
wavel ength (e.g., in a range of about 400 nmto about
700 nn); f denotes a focal length of the near focus,
angoviding eitahed vishe quatyus of the central zone.
Further, at |east another diffraction zone has a

b a with.a radial .l ocatign that differs
RS Vad tﬁ?Cﬁ’FFa?f theriprradonyan e obipied by avfatenemto the
f dollewipg iethiledelesipROCin J6RjuBOIG With the ArdwndsdWREh 3le described

| eas ortion of incident |light to be directed to an
iﬁ?@ﬁﬁgﬂgﬁte | ocati on between the near and far foci.

By way of exanple, the radial |ocation of that another
zone can differ fromthat defined by the above
relation by a factor in a range of about 20%to about
50% - [ 021] In another aspect, a diffractive ophthal mc
l ens is disclosed that includes an optic having an
anterior optical surface and a posterior optical
surface, where the optic provides a far focus. A
plurality of diffractive zones are di sposed on at

| east one of those surfaces so-as to provide a near
focus. The diffractive zones conprise a central zone
having a radius that is sufficiently different fromo
f , where % denotes a design wavel ength and f denotes
a focal length of the near focus, such that at |east a
portion of incident light is directed to an
internedi ate | ocati on between the near and far foci.
[022] In another aspect, in the above ophthal mc

| enses, one or nore optical surfaces can include a
base profile exhibiting a sel ected degree of
asphericity or toricity for s providing enhanced
vision quality. [023] Further understanding of the

i nvention can be obtained by reference to the
followi ng detailed description in conjunction with the
draw ngs, which are described briefly below 6




1 Brief Description of the Drawings [024] FIGURE A is
a schematic cross-sectional view of an I OL according
to an exenplary enbodi nent of the invention, [025]
FIGURE 1B i s anot her cross-sectional view of an I OL

according to an mmﬁ&fonM}M%ti on,
illustrating a diffractive structure characterized by

u phl s for directing _a portion of
TG HGORE I e SR iremestanst yeuar an{lberpomere a

2 qxsmalascﬂmmmem bfthainvatitiew, of the 1 OL of FI GURE 1B
illustrating a plurality of annular diffraction zones
f qppd NGy d ye structur 027] FIGURE 3A is

a 10 ena(?'ﬂgEs%%elg \%i'gét\iflverofmg\s “Wrhgme Eé’ieL‘V f FelOacespitng o an

t @nl’htvdlmwt of therwetitiva)illuafatin@ difﬁé{c@ﬂ& h&&uﬁ@yﬁa%teﬁged by non-
Hﬁ élfgedf?ef”a tlve .Sstructure 028]' FI GURE 3B a

s¢ o0 DgHIo a2 povion of intidént fighEmpintorpetig focus,

FIGURE 4A is a theoretical line spread function (LSF)

cdf2]| EIG@IRBL iam schieniatie ok \iéve of @6 UOLIBFIGURE 1B illustrating a

PTPRE POt G, 495 bt et sractue,

theoretical line spread function (LSF) cal cul ated at
ah027] nFEFURE B Atisn fobematicf side vidw efedifiiaiive Ibm%c&aﬁg frd¢her

t h h d
PP el bV R SO e o b

theoretical optical phase at the pupil of an apodized
dl928] aBHGURE 31is 4 sshématig fieont viens bf the 60L of FIGURE 3X e
structure according to the teachi ngs of t he

Pt FIIURAVAGKT | u
t Pk ORI AR S (e Eet R ohBRY SERH ool SRR on
r Eﬁ?@@@ﬁ&e@qlﬁ éomacmamtmpmmacﬁmﬂm E.iv{agaﬁ ApBlishiPBractive
beichhgoretical optical phase at the pupil of an
apO(TI zéd diffractive 10OL in accordance with one
enbodi nent of the invention, where the abscissa
r B8P SERURE UB isqp dheoratibalt Tinee shreddafumetidn’ (IISF) hﬁlchﬁfbﬁ at an

gi%%ﬁﬁdlat@ skub B a%rqulﬂsfa% len eﬁ:%grﬁﬁlgttg tﬁehtgac?lgltgls gia the invention
having an apodized diffractive structure,

[031] FIGURE 5A shows the theoretical optical phase at the pupil of an apodized
diffractive IOL lacking a frustrated diffractive structure according to the teachings of
the invention, where the abscissa represents the square of the distance from the iens

center, and the ordinate represents the optical phase,

[032] FIGURE 5B shows the theoretical optical phase at the pupil of an apodized |

- diffractive IOL in accordance with one embodiment of the invention, where the

abscissa represents the square of the distance from the lens center, and the ordinate

represents the optical phase,

[033] FIGURE 6 is a schematic side view of a diffractive IOL according to one

embodiment of the invention comprising a diffractive structure having a central
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[033] FIGURE 6 is a schematic side view of a
diffractive 1OL according to one enbodi nent of the
i nvention conprising a diffractive structure having a
central 7 diffractive region with a surface curvature
t hédiffrdctveichioarar a ANee SO
that th dléffractlvg@&frcgﬁft%ﬁ%th%ﬁﬁgﬂf %?erﬁg a €8§?ﬂ% peent
of “Pfi&° i iha dHtragtvglstrugtere srould ditcer spttiart of the maklentIRBAD an
Fl ftdnbedlaté focas, sSchematic side view of a diffractive 1QL
accor ding to anot her enbodi nent of the invention
ﬁE‘E ﬁ:jggRE diffractive structure having a central
zohe] X his 13 schemgtic side tyiaw of asdiffizaties I oddcbmingato dnother
[Oéiﬁs)odiﬁicﬁﬁﬁhg 1ﬂv%ntﬂ)r§%ﬂﬁ;ﬂ§1 iew of . a
fracél ve | QL accor ngano? v\é c%sgfﬂ%?cﬁﬁﬁal zone
th atiexky qnd’ﬁpmlsll@ﬁcam@lﬂ,end or surface on which a
diffractive structure in accordance with the
t €083)i FYSURE 8tiba sk I rior
| sﬁ[r fgge that can e%ﬁﬂ%g% Sfagr\{i egvs&yh edr?ﬂ%gg‘f)e?ﬁi acﬁ%ﬁ %6 another
fmbediment gt jthe Fnysution bavinge an 8nt3501amhr&xde Reswhichtd Affedtive
' th;ﬁu&,?ﬁ@ 1vipaeler Wth.referenc
FI GJRESﬁII%Ach%g 1B, qiaﬁg F%Eh‘li% 02](51}; epop thsBH%eﬁ anf'a posterior
e (FBEE fhsh sansechibian iappherit,iooim some lcakB€ 3 tarit 1R profife?
having an anterior optical surface 14 and a posterior
optical surface 16 di sposed about an optical axis 18.
Wiile in this enbodinent the optical surfaces 14 and
16 are generally convex so as to provide the 10OL wth
a bi-convex shape, in other enbodinents, the IOL can
have other shapes, such as, piano-convex,
pi ano- concave, or convex-concave. The curvatures of
the anterior and posterior surfaces, together with
the index of refraction of the material formng the
| ens, are selected such that the optic 10 provides a
far focus optical power, e.g., in a range of about 6
Diopters (D) to about 34 D (e.g., in a range of about
16 Dto about 28 D). In sone cases, the far-focus
optical power of the lens can be in a range of about
-5 Dto about 5.5 D _




[037] A diffractive structure,20, which is disposed on
a portion of the anterior surface 14, provides a near
focus with an add power, e.g., in a range of about 2 D
to about 4 D (e.g., in a range of about 2.5 Dto

about 4 D oDetatled Deavtfifionlof 8R4 bferreP Hutboddons 4D -
The effective add power of the TOL When T nplranted in

t yar:Ga j f fromjts nom nal (actual)
ag?égo&[é@. ? o?ncgggn%ﬁfﬁ%é%GPFi)ilﬁataF‘oIpIofmt preording to one
c smhediinegoiithe hmdltioﬁ dnchejes aﬂf:bmzbﬁ;v?@edtﬂ_ Jntb%iog OpaRsurfuce
a . can. weaken . s effective a ower ,
N I’ig f’-ﬁ(hgpénsoger%()ﬁ ﬁICEF%é%‘%%Wc%@HuQa@é}@ﬁ@al jagis 4 83 While in this

efimbodimog theasiticplaottes 8 ahd €6 WaQeSerfAK oonkdk §oha§ to pravide the
f ?(I)i%\a%n%lgsect i ons, unl @SS ot herw se i ndi cat ed, the

recrte THREX G 2Rfedf pResmbodinents; BretlRE qaprhiamabther shapes,
(anhua| blaagicorvencslalodbiel 6NSonvelBiElleC A Burvatures of ghe

di-fferenéj fromthe effective add power when th

i APPEL (BBE PPiterigr surfesps togedimg withibe index oDrefantidnuoh the material
| Rmigenhe bk 5! defe¥te®fsull] ¥at | el 3,95 hapthcs 22.
that facilitate pl atgi@nsuéﬂ t)&éf nhggopggg?eé{ﬁwsese?g% kf"ﬁ'és Optical
P §&: 1B Ramee Lbriout 6 %mefé) {D)do aboub 84 B(algi, lih & range of about

ed Blid MHout - i sil.i cone dr.ogel or.
74D ot 851, 830 A Sk 0 0850
r @88A %fiai’@lti'frr:gé&abﬁut péfraction for a particular

application. The haptics 22 can al so be fornmed of

- slaBta] Qifpedt Ak, r : h.as . .
pﬂgl ]met hacr )} | at'e, %%F%%r%%lﬁ ésnélgéoﬁ%ff) R pomien of fhe gpterior
¢ 1feRtoyides paedsfprus 0wt add powlree £oim®e ehnka b ghioat 2 P to

. . : i - h di ts,
kR 3 L g TSk S
|qb01§ndé?)e s diffetine, actdrp;)“@be (herI][BLi \lshenﬁn{pwhfﬁdln%e &ye can be
, -l 2- t t
e L K S o S S e o
aomaal yaret and @Fepireticr bitReent tBe ThrddER 1A 10 Ba@dNGeaRen the

tihe.diffractive structure, 20 i s conposed of a
&pﬁrsg"%ffef?/"e dEPVETr B P PRMIBHED 2dd payess spmicsudt irachDofective

adophwer foy the whols efel thi B folbRAS sedbné, AfsS bABWIE] ﬁﬁ’i‘éﬁed,
%ee gqt%g‘%%at?d c{90r clari ty%. re Fartl cularly, eac

- Z8nE haF addbrowrs Srfenie Gelpeminalk (otorld add pewstadihe lens,
(#hidh can ¢ @iffc2RRERARE SR Dotk WhenZRMRO &3mplanted in the

eye.

[038] The IOL 10 can further include a plurality of fixation members or haptics 22
that facilitate placing it in a patient’s eye. The optic is preferably formed of a
biocompatible material, such as soft acrylic, silicone, hydrogel or other biocompatible
polymeric materials having a requisite index of refraction for a particular application,
The haptics 22 can also be formed of suitable polymeric materials, such as
polymethacrylate, polypropylene and the like. In some embodiments, the haptics 22
can be formed integrally with the optic 12 while in other embodiments; they can be

formed separately and then coupled to the optic. In one embodiment, the optic 12 is
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fromthe second zone 24b) that inparts a phase del ay
to the incident light. As discussed further below, in
this exenplary enbodi nent, a phase del ay generated by
the step 26a separating the central zone (the first

Z ofpfed! SOMN drbiS-IRRGOBEHRARE drS)- %ﬁh{aﬂéﬁ&f Ec!r{/lfa{eofmda% B eny%;hyl

del ay caused by the other ste
t Heethacgate, Whigh ig eeremeny ks %rfs:ryssf directed to an
|nterned|ate | ocati on between the near and far foci.

[ Q48] RefetrdteSto FXGURES X, Wi M dis fratcﬁx?e At L faht 5 composed

dﬁes conpri se a plurality of ' annu ZoNnes
A8raligs ot Bractive 2angs\24|sepazatestifrora boag anpthet by 4 bierahty of steps

oRkI (@Rl sté}:?(hééﬁlt@ afenexagéé‘fﬁé&j%? c%br\#t i he p]c écuéa? s %ﬁl zone is

relation ra+2i A fern i
z SPRaAkshiiram ap pdiacebrone és aistep (@gnstemzsammaung the flenohe 4a

t t {

Rnfife QB0 DG Buut bpBERTE BRs8 e T b R Baliy s

z éﬁéussqdrfugbmbeéqvb oni meeptmplalm embl@Hme, »piak aslgy @enf{ératﬁi by
run en |ight._at center of the

CReoGtb 6 Rbatinfl TR €05 el Fopy e s ooy, s

t ﬁtffcwhfromla plmmle(ﬂc)msad rby hii Rdr steBs h@h%a{t IEl] pottidft bk theSight

el ow, in some . o

CRRAAG b R Girdefenth b Wietote Joagon ey thegees and fr

zfmes can deviate fromthat defined by the above
relation so as to further facilitate directing a

i nci de a nto an internedi ate
| 7 R kA pta Cdrtoind® e eibeipe aotes comptise s iy
amb}' Zongs wibbse Imaﬁdm]eﬁ ai r@dHIDOoEREA relatibé 18k Gﬁﬁcapixlé 0€in
the first and the second d|f action

§%c§§rg all%s ﬁ‘f%eeﬁ’g‘ﬂ‘t"mﬁ Fﬂ?ﬂ"(“h e heights of the
+2iAf Eq. (1)

wherein
i denotes the zone number (i=0 denotes the central zone),
A denotes the design wavelength,
S denotes a focal length of the near focus, and

1, denotes the radius of the central zone.

In some embodiments, the design wavelength 4 is chosen to be 550 nm green light at

the center of the visual response. Further, in some cases, the radius of the central

zone (r, } can be set to be \/lf .

- [041] As discussed in more detail below, in some other embodiments, the boundary
location of one or more zones can deviate from that defined by the above relation so
as to further facilitate directing a portion of the incident radiation to an intermediate
location between the near and far foci,

[042] As noted above, in this exemplary embodiment, the height of the step

separating the first and the second diffraction zones is different from the heights of the
T




ot her steps (which in this enbodi nent are
substantially unifornm) such that the diffractive
structure directs a portion of the incident light to
an internediate | ocation between the near and far

g sher staps (@shinip ineglist mﬁb@t}imér&rﬁecﬁbbﬁ{ﬁdﬂﬁh Runiféieh) Phuss 311% the
’ . e t he. st 26a ,and. t hat generated by

o ke BIATE Ao i of e 0510 i on Iermuggieipdpestion
bé)egfeeaﬂ@rnebham ﬁbﬂiat Edr%Q%mw,edgs gﬂfei’ené? S&Q?eﬁ)t?ﬁﬁ%se delay
pr r reater n abou wavel eng : ,
PesateP e o S%R?gmﬁéﬁaéﬁmat by fashioh e @it stensgin., steps 26b
e. 87'6’ for at |east one wavelength jn a range of about
400 T APeBRART HPOGLIIH20Byavelepeth (- -4 Xamp peferily greter than
enbodi nent, the step heights can b&%defined in

a nce wth tthe following relation: Step height =
bg&%é %‘(‘5‘}""@6??‘ (ﬁ%i {opatleashone wavglengthof thefiecidsnblight, e.g., for
hei ght, A denotes the design wavel ength, e.g., 550 nm
n3t s one vavplengte fin asanigo of iabeitd08nt featopt 79, nan Bynway of
deapds ih Bfe ERbddnid e | 5[21@ Lum surroundi.

t he c%f i ‘wherei n, t’ftgef ktt&ﬂgég%ﬁ a%‘%lgie(rPeas?c?rﬂa"ﬁe with the
r Sgwmgsrelaionit - 0.2 to about 0.2, and for the other
steps, b lies in a range of about 0.45 to about O0.55;
and is preferably about 0.5. [043] The above Eq. (2)
indicates that the step height geparating the central

zone fromits nei gh¥fep height di ffBL&dt fromthe

remai ning step heights. Mre E"3|c“)é’§i fically, the step

hehgéihs ot her than the one separating the central zone
nei ghbori ng zone are substantially uniform

fromit

and p_rbo‘iqﬁ‘i?@s_g'ﬁpéﬁeih@ﬁhﬁphase delay that results in

t he dif fdersitd tﬁ@d&ﬁ@ﬁ%{%ﬁgﬂ'eﬂ,@sﬁ%ﬂhe i nci dent |ight
y

approxi mately equa
n, denotes the refractive index of the optic, and

n, denotes the refractive index of the medium surrounding the optic

wherein,

for the step 26a, b lies in a range of about 0.2 to about 0.2, and

for the other steps, b liesin a range of about 0.45 to about 0.55, and is
preferably about 0.5,

-{043] The above Eq. (2) indicates that the step height separating the central zone
from its neighboring zone is different from the remaining step heights. More
specifically, the step heights other than the one separating the centra} zone from its
neighboring zone are substantially uniform and produce an optical phasc delay that
results in the diffractive structure dividing the incident light approximately equally
between the near focus, which corresponds to the first order of the diffractive
structure, and the distance focus, which corresponds to the zero™ diffraction order. In
contrast, the step height separating the central zone from its neighboring zone

generates a different phase delay, which causes some of the incident light to be
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bet ween the near focus, which corresponds to the first
order of the diffractive structure, and the distance
focus, which corresponds to the zeroth diffraction
order. In contrast, the step height separating the

ceptral zone fromits nei ghboring zone enerates a
di Feere ixangpisaredipg lagatiopbeiamerc the seas andfep fasf. Iphather words, the

i ﬂﬁfféi@fﬁtphhsiegtféﬂayt g%ngl'@ted llBydthJ ?tgﬁ fxg ﬁtooeﬂ;ﬂeell q}tlee&{ﬂﬁgli A8 and its
| ocation between the near an aF foci. I'n other
woetghboringzong) plfarethe sentghetion of dheaneniga rronatodighbtiffravted by the
StEBrabRie S ciRRt : tr e.and its . .

nei ghbor i n%c zon%agfhf‘ {elr;}glkfﬁlg el 20t OBl 65#0 popgribute light to
c &bt pear andotie fach it dirghts sdinf fof detligtit foyantiermediald Toattion \between
st -e ile the.central ,zqne contjn .
¢ e s B Bl B b PR ook 19 g o v
distresturs. sSuvh o Hiffrixaiv isghétuieois dRrdin b6 Fefirad @ la GatfnRRated

b h ,focl =..fhe central .zone ii;s not a

oS HERe lkARE Ghe digiha® Pt pradicn iy dsnierqa etored 0 s
st'frusttated eliffiSetioh” & ieldibdte @t it WR S M fdgHlPdirachBh BAtRnfdoSR to
rg{grred t? as_a "L{.Liﬁtrat,ed diffractive structure”
ald ot BEGY HiP dRideghlight 13 an wicpmerisle dasation betwsesni{hs eapand far
r @fokr Fexthet,Ghé sté@medibeUsdatiol Rcheti L6 RN "to L0 e HlehRlEute
that it _nodifies a regular diffraction pattern so as

t §PCUY; f{}@?‘fgq’sma@f efnggdlpﬁet‘p‘,d@ﬁthght gerverggnegnat the intermediate
| RicRtiorRIden? 1ds0R 8f dsQRarP SUHNRE B hhR I?Pélégﬁt i .nreﬁ'gifl% gag G,

Further, the internediate locatio herein

i@”éﬁgto astlaeintermediate focus, although in _
_ n§ SAPFreTiRRO RGN | theyhitere SrRrertigentie senteherone from its
| digHbOEAE abie ish@ﬁ@&dd%ag?s‘?%é'@%? hé&si! tvw'/e@n%?c fRALRY Second
fgﬁgsﬁas those present in the near and far focCi.

[ BASGCUPH 2Q05HdS EFtio detRisn as totdisctsa pstiow phithetingident Might to the
CRradiaté WG, Aok i ' it et RuEd

(t hat ,ilg, t he st e|o0 Hﬁi?"'& ;’%Q? \f/\%gg@gsteéogﬁﬁﬁ}rf%fmanzangse%%ﬂlade
dinfe 4 Hiegle epntrabsons for gerpaating en dermipdiste famist o direct a
portion of the incident light to the intermediate

| & st i18some NerodBhentO il Sdditidle td hdvide g ﬁq&gr}t%ns cutive step
diffraction zones are nade Into a'si n_g?e centrat eone
f Reighiarapating phasn delass dhatdiffon fromf ape wBothér(hy valwe gemes than a

eRORHIARAL S grehfd RN haY i3 t ] east .
consecut i %/e_grst e_%aﬁﬂélli)g ?s’idg;ene\r{égglﬁ”kga B#%@%’ Béﬁ%ﬂept}f?éqms
ciepFratingf the difsartivarmehef thoJOls diffrattive steaturee atehpediged so as to
theghatd: .eater than about 1/2 vel epgt h),, .
i aisﬁéﬁg bft' tllqlg Elglf} gﬁerﬁgpgﬁf@ (P& hear ancP fa\P@ocl as t?lg pupil size
«changes, e.g., to reduce glare. By way of example, FIGURES 3A and 3B
schematically depict an exemplary I0L 28 according to such an embodiment of the
invention that includes an optic 30 having an anterior optical surface 32 and a
posterior optical surface 34 disposed about an optical axis OA, and a diffractive

structure 36 disposed on the anterior optical surface. Similar to the previous

embodiment, the optic 30 provides a far-focus power, e.g., in a range of about 6 D to
about 34 D (e.g., in a range of about 16 D to about 28 D). Further, the optic 30
includes haptics 38 that facilitate its implantation in a patient’s eye.



separating the diffractive zones of the 1O s
diffractive structure are apodi zed so as to shift the
di stribution of the Iight energy between the near and
far foci as the pupil size changes, e.g., to reduce

glla4d. TRy dW&yctﬂE sﬁ‘%@ﬁiﬁ'ﬁ% is H’bﬁéﬁﬁ@ ag%_ﬁﬂ% &%ﬁﬁagtwe zques 40

schermﬂj &all ict an_exenpl ary accor
sUTERTAr BB Q¢ ﬁ%‘ter by amlwahtv m?etnms a —t4Rat Sinviki (lmléls pearvious

op&ﬂbﬁdlﬁﬁnﬂ"l &héi diffradtiVe 3Rh&le Yen bt £ Alar Z&éﬁ{)gc%% %o%xd%%tqo Iﬁrst

r£§rerlor pti cal surface 34 di spose
2ghRn aa &t fosus qov@spogﬂmam the ge®6: ailepafsibel diffiactive

tfgﬁu@ﬂgerlpg toi f Si r to.the 0
embodi nent &Itlét%g aogﬁe"%% %?‘g‘\aﬁndg@ gﬁfa C%agﬁu% Br(?\ﬁgrgy the

cansecqtlﬁe gtep%ﬁéeea@f 4Bbsuonfgided, @.g.,ab autmadédr Ehs(:ﬁs@:l abov8 in
a urt her,
o TROGROIAIPRP sy b HnbRRellhue Bul s a1 sty divecs o
:j Pprtian ofthe daeident lighp &t argmtenﬁec?ate Iocgtﬂ)g[t@%]s? -tIHéQTear and far foci.
I C 0 ural It 0
AP U8 SASMER ol doidus O R el e Mot rahg g ar

p Bnndeﬂed,tly ey yeryps adidmction 62feir SHidMHl Histande Frobd Be BpEMI BUSOA.
structure generates a near

t di f r act
f oc us g‘gp’r éansh%s Yol i) afyoe‘i“b%de‘?‘f“fts(he hgiehts 04 dhase steps degrease as
athdlrahs‘tmesf mﬁmbﬁsd&w\iﬂbﬁ&et %Is"h%oc?i?artigh IEa@sEQQ shiffl in the
'fcf(ﬁ’éﬁﬁég struture Furt her, difference
(R, 8‘“’6%3( sreeefethie pearaad By chhes the pupid gigt ivamss,
stheps, o B mﬂﬁeﬁﬁmm& cﬁﬂﬁﬁhtﬁigrtéﬂ:e I%hﬂilffrabtfbnachgﬁ%ge '
di scussed above in connection w he previad

@gﬂmd g E at the diffractive structure

d ts'a “OPSTEr ol el FIRYRER3A iagﬁtm,omarﬁlls exemplary
i ertimdireatit ahe step halighte vrigs merbohﬁtﬁneseé\ff thé"asikfrﬁ ve s%&mre 36
Furtbh§ i.n this enbadi ment, the heights o

?@Edﬁﬁccg’ﬁ‘ﬂncﬁé‘éthaﬂl%fouaml leéf(epnsl e., t hey var y
as a fgngt LI ncefrom
opti cal ax%@?fﬁ%ﬁ ﬂhe Ce"gﬁﬁ‘LTogegﬁ ?egorlé])?é?ﬁi){‘&r» ylep 42a):

enbodi nent, the heights, of thogg steps decrease as
their distances fro%q?pn]ée‘@éﬂmm s i ncreBad4a)Thi s
apodi zation causes a shift in the’ distribution of the
| whghtin ener gy bet ween the near and far foci as the
pupil as the nunber of zones
contr i bu%‘sﬁé G‘EWW @HI“WW%PIEW“ET%Q%QW‘{‘ 62apd the
\Mhehpmambﬂenumjddﬁﬁécebaqumao FI GURES 3A and 3B, in this

exenpl,

for tlYe other steps:

Step height =

(nz 5 i Eq. (4b)

wherein,

& denotes the phase height with a value between about 0.45 to about 0.55
(preferably about 0.5),

A denotes the design wavelength, e.g., 550 nm,
n, denotes the refractive index of the optic,

n; denotes the refractive index of the medium surrounding the optic, and
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enbodi nent, the step heights of the zone boundaries of
the diffractive structure 36 can be defined in
accordance with the following relations: for the step
separating the central zone fromthe second zone

(i.e., AhefendBahn apodiRGor@h@ith, = bl E 4a (n2 -n,) 4 ()
wherein b is the phase height with a value in a range

of Qﬁo;%t -0.2 to about 0.2 and the other paraneters
ar@ e LY WRdizati Pagtioph eanchenemplettedp o Skample, in some
heln@8inenBAtht apodiZAtiEf fink ; Lein, b
denotes the ph%se hei gﬁt@%&g%\% uée%lgﬁ\}\l}e%cﬁb%%%tw“h the
0.fallpwing wiation: 0. 55 (preferably about 0.5), A denotes

t he design mavelengt?,_ebg., 550 run, n2 denotes the
refractive index. pf, Yienophic,. ' .. nl depnojes the
refractive i%ex of (¢ her) df’%ﬂrﬁr‘sﬁfvv oundi %é e optic,
a%lS f ,. denotes an apodization function. [048] A
vartEty of apodization functions can be enpl oyed. For

exanpl g, . | ent t he apoqdi zation, i
functi gnde?{;]]t?;. ésang‘ggpéc?gﬁ i dz"ﬂ ZPRP I?ﬁ}'g‘ EWE%S’W"FFFS?C’HBD of
f eeloptibatgxit @ithitheQifadel r.) )CXP rn < r < ramEq. (5)

Q -rn) wherein r denotes the distance of each radial
zone bﬁuﬁ?ﬂ?ﬁ? the gwer haunilary of decariodizaticin zone, which in the above

‘exemplary embodiment corresponds to the inner boundary of the second diffraction
zone,

%, denotes the outer boundary of the apodization zone, and

exp denotes an exponent to obtain a desired reduction in step heights. Further
details regarding apodization of step heights can be found, e.g., in U.S. Patent No.
5,600,142, which is herein incorporated by reference. Other apodization functions
can also be employed. By way of example, alternative apodization functions
disclosed in a co-pending patent application entitled “Truncated Diffractive

Intraocular Lenses,” which is assigned to the assignee of the present application, can
be utilized.

[049] By way of example, FIGURE 4A depicts a calculated line spread function
(LSF) profile, which corresponds to the intensity across the image of a line object, for
an apodized diffractive lens having a conventional apodized diffractive structure in
which all of the step heights are defined in accordance with the above Equation (4b)
-with a single b value (without a significant difference between the phase delays
caused by the first two steps). FIGURE 5A shows the theoretically calculated phase
for such a lens across the lens pupil as a function of the square distance from the lens
center. By way of comparison, FIGURE 4B depicts the LSF profile of an apodized
diffractive lens according to an embodiment of the invention having a diffractive
structure whose steps heights are defined in accordance with Equations (4a) and (4b)

(i.e., a lens exhibiting “frustrated diffraction”) having a larger central zone diameter,
14




the optical axis with the surface, r,,, denotes the
i nner boundary of the apodization zone, which in the
above exenplary enbodi nent corresponds to the inner
“boundary of the second diffraction zone, ru,,

denetemalitiehasd @llayRe WRORGY. sté?{ gfalg ghoil@ Q] {h% %Bh\%gtl%?ap Rhs. And

and _exp denotes an exponent
r ddUERER shaws thethaesgtigatyscalcmlatet loptical nleﬂs@fdr suchedatsdiiog the

f
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apo I zation functions
paens grhibitgd digtinct omhahhnet foad thaTIiSJrﬂﬁ preséht B fiet A%t doBsponding

I dtqg th
B RTINS RN

Wés}ns dfrem(apquitlen oFihGlliﬁ eﬁ&gjﬂ ePirCinferdediab (thASEsLtkded She near
{.&%9 fun LSF rofile, which corresponds to
e |

n 8}1@ n%?c‘ ?é'e nlermedidlevisiena | i ne obj ect, for

an apodi zed diffractive | ens having a conventi onal
ap58] Zladsoghief émhmhmmﬁs sthé Uethtisre dfMoneWd SldrekdneObouhiBies are

ShEREI L B, Uy (TR e gBsedance wi (h the above

Sd@ﬁl’ﬂcﬁbmahﬁrebjd et RNORr R PR il RRRSE ot
%gltﬁ% t he f rst tﬁo st eps)nl thﬁ 5% glltéoiﬁlgdlate location

Yy d, ., fosik efonpaaple, fﬂéﬁ lagation af oener awrogene

t banlieies h e
n cﬂU@iSf er ggrrxll{&léés‘é @git/dt%bgfé—l Bl?:}%ﬁp Uﬁ"g%l){da' 'ﬁ;ft%% g

en
d p‘?rpe‘t“szq) phgut 30%# iIn gorae embodiments, such catifighmtiont ofhe zone
| eonsd vention
havi naﬁ[32 g&gﬁ?r??gtgﬁp%e@{sﬁ??%cﬁ% \Ai%ts}%%shta gebp‘gelwglcalfff’ ¢ by the

#oBe pndsies in erdesotdashicvevd tﬁhst&lmhthffmam@%)th@rgﬁ ixdbther
(émlﬁadlméﬁté BB %c%ﬁgﬁsbéftth Qonefbon? 1 ! edwe i gfiﬁ)aegrflasogmled phase

aV|ng a ar er centra Zone
sielayr gan b?]&@éig@mldety ohtamt mﬁ'us‘Natedtdliﬁﬁﬁtbn tmamy bps;&n@ie the

t QYR FI GURE 5B s
t(hheor eti caf‘l I%@élz?:ﬁ ‘2 %E‘?‘i"%‘ F-EpHY&e Fib/iln ‘Qﬂd?e?ﬁﬁeq Bhthe
2bpesEq.t (1¢ such that the dlfﬁacnve structure would direct some of the incident

light to a location between the near and far foci.  For example, the radius of the

central Zone can be larger than \/1 S, e.g., by a factor in a range of about 20 to about
50 percent.

[051] In some embodiments, the step heights associated with more than one zone
boundary can be adjusted, e.g., in a manner discussed above, to cause the diffractive

structure to direct a portion of the incident light to an intermediate location between
the near and far foci.

[052] Moreover, in some other embodiments, rather than adjusting the height of the
step separating the central zone from its neighboring zone, one or more step heights
associated with other zone boundaries are configured, €.g., in a manner discussed
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- one or nore zone

| ens pupil as a function of the square of the distance
fromthe lens center. Referring again to Fl GURES 4A
and 4B, both of the LSF profiles were calculated for a

pupil dianmeter size of 3 mm The LSF profile
C Qlbb &S PRA R Sheldrib Wve st LEfr ive, |.en .
exhi bits a di gti nc?ﬁgesnt r arﬁq‘{olﬁgleﬂf étcatpg%é na(i%ﬂ:llesm(ﬁ%?m light to

preadetamedipte leeatiogbetysen epemdinddar foci. tHve egamplenhé difipdction
aRedbe b (£ bt ' indicating that the

frust rgglesgétgéf?(r&g%:?ﬁgérgg?ﬁé)r?gmploﬁg%t s a portion of the

I igﬁht energy to an internediate |ocation between the
nd&] Enhepricaethérombogdinetntse o suifmercometuré of erlnestioad diffraction
VizghOR- gik A i ment.s | acations of

e or et 1bd i aﬁ?agg &t %&Jadgp{ gi?féacf%?lélzg?ei Ghhthat the
t iiffrective fstmetarebyoul direds avporfimn of thy isddenas light ravindenatiate

f R . ' ction, thereb irecti r{ion,
S Sty PG et 5 R L LBl
lbdtwia_em tﬂb?ipﬂ&ﬁ[()hﬂd inf ®eorfiOce wétﬁ@&cél@thj%ﬂ%bﬁimehgﬁ?tfincludes an
_ t of one. or re zone bouyndaries can differ

¢ OBHE 49 vl i apiepiorompa) fiaced,pad pgostprior apfioa) syrfice 9. The
i ﬁh éilrareg :’nchmlﬁas aﬁﬁlﬁﬁct?_@%rh@?@@%s %&ﬁon' :Dp&ﬂﬂ% of thg anterior
e [ s,. sych confi guration o e zone boundary

g S‘Eg"’[“?-gﬁge FRUC é‘H‘é’I“W‘g 3o aPifal BRI st 8 g 2 REsesH gt 6 D
ded #bpat BaiSHd aad faeus aﬂ@?@w&?é‘.@gﬁ{d Itﬁﬁge' df a95tﬁ9r]% Edéabout 4D.

raction - ough 1n o r

acghieve a frustrated dif ) ( ]

eﬁ‘E‘b gi‘fﬁ%‘rﬂvg ftpeturen e inclydies gt plurslityz ofh diffsention aohess 54 ¢hat are
Wephra®3 fHdA€ ohe ASURE b9 ST ulf; | i i

c r,?f riag_ur ed t oe obt ai n§ae[?lr] ug?fogtsgggﬁ (‘?hr (ga?ﬁegﬁlfog? %8?/12“‘
o?elté%a’mﬂ gonveponalgiannet er irod nahrergeenrdiag te direteachings of the

dipfk 1t ; : f | by .t he .
ab ovlgfogg{. In( %%m%%%b(%dhg&g’l 4‘? rﬁgg?cﬁl&% s S crtlllj% ' ?‘@ramﬂmd
wBYi# plugnlifseafisubstantially urtifoemistep heiglts. | i ght to a | ocation
bet ween the near and far foci. For exanple, the radius
ofoskhen i : e f1 408 Q. DY a
7 i (8 Bleb G o SRR yyRRPL 8 Bt cigaclion, o P
[ B3¢ P4a)s didigrent (this dieepsn insthistche) Somphdief ifhbdjacstmnt giteg dhe

VWdnb SABY Scit HaPag undary can..be justed, .. .
e.g. H@L & manner il (gdg[gssggc rggg\:/cis’a P%t%lbﬁgtg'gﬁ?é‘%nf radiation
diof dnr intstrhedaate dacatiart betweencthelneae ahd far(focit imNwa of Bfample, the
{ﬂgb%g%ﬁbean%ggt%% Soufr%gel ‘I_:urxl\tfa%{nr:rse gy tﬁé t%vol &?ﬁ@atc{ieenzo%ecg X\zﬁl rc‘a, e.g., in

a tange of about 10% to about 50% , for example, about 10%. Although in this

embodiment, the surface curvatures of the central diffraction zone and that of its

. adjacent zone are configured to di_rect a portion of the incident light energy to the
intermediate location, in aliiemative embodiments, other diffraction zones can be
- configured in this manner to provide an intermediate focus. Further, in some
embodiments, the surface curvatures of more than two diffraction zones can be

adapted, e.g., in a manner discussed above, to direct light to the intermediate location.

[055] In some embodiments, the surface of at least one diffraction zone exhibits an

asphericity designed to cause the diffractive structure to send a portion of the incident
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[052] Moreover, in sone other enbodinents, rather than
adj usting the height of the step separating the
central zone fromits nei ghboring zone, one or nore
step heights associated with other zone boundaries

di .
SUBE R ot Bydtmegitdd BITP InE iSRG S, PRV 7
paehamagically depistsi anciCde i cbmghmng an optie Smh@iﬂgﬁdpﬁ@lor optical
| Q63 DALNEGRLDS tg:gﬁs 17! 3{1 ef ?c%aa( dgﬁ%c T AWERTE 64 is

the diffraction can
péIFSIPer Simikg tethe pfedio83 emhocﬁxﬁéms @tdtﬁfﬁaemq&umtﬁms fotRed

S DI I SRR B ki S e

diWlifecio o6 casente. g5 ulcfmstditaﬁiplaﬂﬁem%ﬂfrﬁdh@ Cﬁle !t@;t)s%{ré bSHAdERA to
0 an

mould ecé ortion Qf the incident
Ster Ffﬁ‘f' daﬁf‘g%t&‘ﬁ &h OBt \wEbadimgats ﬁhfaﬁteafh garf he spbgantially
Bylm\ﬂam of bexapizel b QdnFedtion AR, Caﬂﬂeyantgﬁp'sﬁ cea@2 is
t%@% le %“% i n_.accordance with such an enbo
fhf¥e sbstarislly splxsicplabase grofile. ahe simdrce qpoﬁlc a:lf the
SUdEIft@D&lfﬂ&t}@ﬁ‘ dord (BRI AN hbevePlekfiBles S ﬁ&ﬁnrgggajyf&zed for

QL f her |ncludesad|ffract|ve str
df "é Y 3i§oBic pAstapion agtnge b abont € Pitorbout-l fGEe., iTheange of

ORBGuE - 460 RHA |- ﬁ%? 56 a.t. EU callQCHS dﬂgéfl“%g Lu&gl\{sg{ondéxéerrg? g%ﬁgn of

a_range of about to abo
athg isrcet light eppray fprﬂleanﬁeamyl@t@locabnut 2 Dto about 4 D.
The diffractive structure 52 includes a plurality of

diOfSGL aﬁtdogﬁ eﬁg:f}%rﬁglﬁl?t @1@ §&rf£5 g:rofﬁ@s V\ﬁ 2;&&811& %g&nﬁ%g?o& Zomes

fusiage pl(oﬁ]ep hefvegmthe wmmndams)adth rseieatccbasphencales, e.g.,
nﬁﬁﬂﬁf toP oSt &}ibcﬁgseh Qb sb G4 d{?%:% hgfﬂf %ﬂg%tl AR {eolrg)gauon

In this exenplary e odi ment,
sThig, @wmseom@ te lorepting daviations fr&m the pitaighalinésyfopthe sawtooth-like

:%ﬁ%@gﬁd“ghh? e suer step heights. [054] In this

odi ment ace curvature of the central
diffraction zone (i.e., zone 54a) is different (it is
sl0&&hdn sometanibodiowsts) the rhesa profite off atileast andj aﬁ:metlomépncal

h he .djff
(borfRccs cldiBits £ A1 Woko MRy TG Spiah o pebfide imegved

t\asiemquatite r Fre eiapde, IFK&TaRE@rscm:—meﬁly debﬁtsmﬁmL%B @ccfo@dmg to
85 S0p b S8 Db P B ek i
boptical sgrfacei? and a posterior optical surface 72 disposed about an optical axis 74.
A frustrated diffractive structure 76 according to the teachings of the invention is
disposed on the anterior surface. Further, the postetior surface includes a profile that
is substantially coincident with a spherical profile (shown by dashed lines) at small
distances from the optica} axis and exhibits an increasing deviation from that spherical
profile as a function of increasing radial distance from the optical axis. In some
embodiments, this deviation can impart a selected degree of asphericity to the
-posterior surface, e.g., one characterized by a conic constant in a range of about -10 fo
about —1000 (e.g., in a range of about —10 to about —100), so as to provide improved

~vision quality. In some other embodiments, the base profile of the surface on which
17 '



a range of about 10%to about 50%, for exanple, about
10% Although in this enbodinent, the surface
curvatures of the central diffraction zone and that of
its adjacent zone are configured to direct a portion
Ofthé h@stiaf@l dSRAtHVe StuRNEHR Sthe | Late :
| ocation, in alternative en%(ggt?ﬁéé%ttg? a@t{sﬁ%ﬁﬁﬂca"i‘ surface 20 in
dithip cased frPxhibiaselestnd Beereccafatphgricitstisol as 16 Balancvavisier quiatity.
PIEQYh&He i Bthé bR oARSHLAL Gnd &% an 181 SQUE

enbodi nents, the surface gﬁﬁéraet%?%éesgfca%&eﬁ?ﬁlgﬁ a, {pystrated
didfrgtiiei Bchiem sichcamtigeboud 3PL 6@, can gxhibit i selebmd Megree of

ditS§S B e ki disectalight to.the i.nternedjate .
locatron. - '?g%g]w%“% g%:i%@? e%o%f‘%t?t e af‘?‘?g"%?ﬂd?"gd}ée Bpsterior
atsulfecgs 70 e dfithefIOAdI6icomhaendotubisbplofilean asphericity
designed to cause the diffractive structure to send a

p i O Laeclden i ght..ener to the
RS o Bt SbFAE g ARl g DnBIREOOL Bt e of o
s Etéavial thetian profaleisems fiklering Of thebhedizht, | B wey dexanplk,ahdRDL

hay| I ti,cal .surface nd an anteri.or
oo BOpmBe st RSl iRl By P ad s sxemmis b Hotent
id &No. 8t EhBide tereisi imoi‘[mrat%dbﬁ ﬂﬁ&}fdﬁﬁ@dgg@wé?smﬁﬁﬁlﬁ §ello¥vpfj‘yes
' LIV t.ructur 4 s, forne of . a urality o
et Gt ik MO e chintepei af oioinbt g dough the
plQk.al ity of steps. Wiile in sone cases (e.g., in

this exenplary enbodinent), the steps are configured

t trated diffraction, in Qther enbodinents
t R39E PR bR R etts vHAN Y atiprondivih SoEra R ve
i lennawaliscassed. olg ahoukhmbﬁtdersmﬂlelaéﬁ &rﬂlhegt;&mlﬁlgg—ﬁm@;uth&ed in
characteri zed. a,substantially spherica ase

p&%f? & _“‘i’@@g‘ﬂ%’iﬁa@é 5POPHnEe 2R fintergediae Apqua|can be employed
dinfifvidvally,cor iz GOMbAGRE whh ond QVRNGRE ottRX RlalirdsS BH example, in
asphericity characterized, for exanple, by a conic

CHHS: ARRoOdRents: i adiidiopy to ggafiguring gh wembeight scpgi (tae genral
| Zond fFoAN @S aBhcenfBidl 1o -gblerht@ a8t qgt\éﬁnédé@eo}dcuss, Qhea&lr%a?ure of ftha
cause the diffractive structure to divert’a portion o
1§78l rong e also; b adivatad ingymanner discusset! ebowedd at @ direct a portion
| PG 1ot P Bk 'ﬂtéh-rﬁ%@i% odi ments, the surface
" prof iII es !%f a pllura |_tyt§(g9'di ffraction zones (the
iﬁr@ac@apr ofil es between the zone boundaries) exhibit

: Plct YAVEr lepsog discusgedg abovesian |bar faboicatbsy employing
GhEbERa Mg MBNGuesIAodR id fle krect light to the

i nternmedi ate | ocati on.

[061] Thqsc having ordinary skill in the art will appreciate that various changes can
-be made to the above embodiments without departing from the scope of the invention,
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This corresponds to creating deviations fromthe
straight lines for the sawmooth-like profiles shown

in FIGURE 5B. [057] In sone enbodi nents, the base
profile of at |east one of the I1OL"s optical surfaces
eWﬂapistcﬁirﬁedsi?-l ected degree of asphericity or toricity
so as to proVide inproved vision quality. For

exanpl e, Arlophibinfic Baf)eompdisigd | y depicts an | CL 66
according to. anat her enbodi nent of the invention that .
i ncl udes rﬁ’p%cpﬁ?‘@“%gn HERFORY Sufce And @i Rpsterigh pyrfage, said optic
surface pglviding 2apsiLri or optical surface 72 di sposed
about an%%&%i cal axis 74. A frustrated diffractive

struct ur achive STHAIHG cPBPETIRE 2 BledlitfsliBactiveezones disposed
i nvent i 08y hiSeastlbTseE stftackdso /AN gfoing: aSidkd f@&%‘ herein each
l'u i Fethat

Further, the posterior surface in es a pro
i s subst Zeitafapyratedifin gepdiaoght 2ena by p here wahdary ofiparing an

(shown byptgﬁhgggdeiaﬁﬁb?l}cgg%ﬁ@# di stances fromthe

opti cal axis and ex | creasing deviation from
t hat sphwhereiglat legstdwp lcensaeutiae fenedivinplaries aré nenfipasidrsgeh that

di al dj st f ' b S,
radiral o} %@Eﬁesﬁfggb%lg?wﬂpﬂssghe%ﬁs? éeri%yélog)gt af 4least one

enbodi nment s, ] Ion can |
degr ee oWvawglephidiis gieatpr than abmmt 1420 stae¢lerpth sousfta dérecta. rtion

one char er.: . onji.c .constant in a,fange of
about -1 eoﬁlblgglg&l?m-@ﬁg at‘%n. bge%f’eef‘ﬁmén?aéﬁ@%;af)?‘)%bbout
-10 to about -100), so as to provide inproved vision
quality.l n, so t.her embodi nept.s, the base profile

of the s léag%rggncm ihw[ﬁ%?mt ﬁéﬂf#‘?rﬂg’?r ngthe rphage Aglays
st r pevided by ssattl 80 sesbediive . zond BEurAMR! s Gh L RinkE ¥f about %
surfacef Z%él n, this Caé,%ﬁ can exhibit a sel ecfged 7
- degVA¥IFEMLE ghoutil Wayelength gt o enhance vision quality.
Further, in other enbodi nents, one or nore surfaces of
an #’TQ having a frustrated diffractive structure,

suchr as Tedemriaimcy, whereinsaid zon¢ beyindaries sompriseaiplurality of
degree afepstoricity for enhanced vision quality. For

exanpl e, the anterior and/or the posterior surfaces
70 or 72 of the ICL 66 can have a toric base profile.

[058] | j . r at i ffracti.v

O an TS P onaap 5 o AF bt Ehbufie o fE bulfie o

f i | diffprepidal deighh adaptadetol prghite sy diffigrerat imxhsiphepcitieé phase

IO_? n be formed of Acrysof Natural material. By way
el{y@.

of further exanple, U S. Patent

3. The lens of claim 4, wherein a portion of said steps exhibit decreasing step
heights as a function of increasing distance from a center of the surface on which
the diffractive structure is disposed.

6. The lens of claim 1, wherein said diffractive structure comprises a
truncated diffractive structure that covers a portion of the surface on which it is
disposed.




No. 5,470,932, herein incorporated by reference,

di scl oses pol yneri zabl e yell ow dyes that can be
utilized to block or lower the intensity of blue |ight
transmtted through the 10L. [059] In the above

enmbogdi ne Lous.ways .of .providing a frustrated
a7 nce g tenf BF LR 1" EGR SullgPlerd obPifrelengl 6 T € Sange of
undesbsticidt nedc hbaf 7060wmst ruct ural features utilized in

t he above enbodi nents for generating an internedi ate
focus can be enployed individually, or in conbination
Wi t 8. one The lemofclaint e Wht @it sides leadt @fic WINAERbA.is i¥dut S,
enbodi nents, in addition to configuring the step

hei ght separating the central zone fromits adjacent
zone&.t o gharhabecldmh 1, WRIIRHIRbRic RGHiRs alfirotiy :ﬁgﬂ:ﬁr wer
of the ceg{%sl zone can_ al so be adjusted In a nner

di s¢haiEge Wt 61 toygboup34Pr ect a portion of incident
light to the internediate focus. [060] The vari ous

| enses di scussed above can be fabricated by enpl oying
nmandPact &he Hgs 0f chitn gu eheraio vaid idiffradtive atractufeQfd}iddhas edd
havingeeGhdirRRE ' ' t wll appreciate that
var ipgus .chaﬂ%eéfidghugégﬁg%?% t he above enbodi nents
wi t hout departing fromthe scope of the invention. |Is
Whatyqi s [ | Brirrr L almc_l.ens tising.
an c%pl)'t i c%é;\l/eirﬁﬁgfgﬁm%ln]t’eﬁ]%gg%ilraf?g & 1%5%%%2%"‘1"8’?19&“3
~surface, maigfial. optic providing a far focus, a
diffractive structure conprising a plurality of
diffractive zones di sposed on at |east one of said

sur flac esTlmlemsoftognitP raywtereia ds_ﬁiﬁ%[ocﬁnﬁpddﬁbie \éaﬁh%r&il BorB@ésBs any
zone. S, separat e r n adj acent zone by a zone
bouﬁgg’?tyacpﬁlﬁ’asﬁﬁoﬂ%a ‘gmyg'ﬁgﬁgcal phase delay to incident
light, wherein at |east, two consecutive zone
boungarigas .are configured such that _a difference

bet W&en ﬁf’e‘F’?“‘ig e il avhegeip sad tengieqranpises a9 IOkt | east one
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wavel ength is greater than about 1/20 wavel ength so as
to direct a portion of the incident light to. a

| ocati on between said near and far foci. 2. The lens
of claiml1l, wherein a difference between the phase

del ays provided by said two consecutive zone
boundaries is in a range of about wavel ength to about
1 maV%Ieﬁgﬂnmﬂ@hm¢h@&kvn$n8mgclaln11 wherei n sai d

zone bou r ura s. 4. The
| ens of Eﬁ%{j "T,gra giéﬁorgsfl HJ?CegggaPé% r{%ﬁg&g% i ve
st eps exhi (bfﬁtacfave stiuftier @niptisihg b @hgdlity afl@iplkeevé ones disposed

provi de [ fere helr ssoci at.ed phase
el ays. SO st o BFRid Brfples ‘oo o eimpparang Gom an

sai d step&aemhmhmmydﬁemﬂaﬂnaﬁmstep hei ghts as a
function 05 {ﬂcre ln%(fdiét ance froma center of the
surface SH"RRFERHOVENE 3dptforuscomrgwonding o gegoth diffraction order
di sposedof &id Eﬁlﬂﬁadtleél £oref arl Bed ﬁmus%%@ﬂoﬁdﬁ%kcﬂa 1* diffraction
dlffraCtl%é { e conprises a truncate

di f fract P{FE" ¥ “{eﬁaﬂescovers a portion of the

surface @Medhi 6did |zbnd §oun‘3h%90a§§ @har;(ger?m? Iﬁr ﬁﬂeﬁl of JDon-

claiml1, wherein said at | east one wave
range of unifgsey step deighin ganersbieg) noFoaiform p&se 'lthklyd: ad@tenlf to

claim7, diééb@&eﬂoﬁxo?xaétdimgae %gﬁttgoa "GN Vel galdsnte%ba%ﬁtfar

550 nm 9. The | ens Wher e oAl

provi des O&IWWG@QBC%mﬂMiatqwm in a range of

about 6 D to about 34 D. 10. The lens of claim1,
wherein said diffractive structure provi des an add
powdd. i nTke leanglclain dhontteredn Bid no:ahmﬂtrmﬂst@ helgxts dgrise at

L?gieg%;t\gg : sgh&rve ?P 'FI? nﬁp%{'tglg%% cfel%y to mgﬁent?lght such that

a difference between the phase delays associated with said consecutive steps for at

least one wavelength of the incident light is greater than about ;16 wavelength.

16.  The lens of claim 15, wherein said optic provides a far-focus optical power
in a range of about 6 D to about 34 D.

17. The lens of claim 15, wherein said optic provides a near-focus optical

power corresponding to an add power in a range of about 2 D to about 4 D.

18. The lens of claim 14, wherein said diffractive zones are surrounded by a -

. portion of the respective surface that lacks diffractive elements.
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12. The lens of claim 11, wherein said bioconpatiable
material conprises any of soft acrylic, silicone, and
hydrogel . 13. The lens of claim1, wherein said | ens
conprises an 10O.. 20 14. An ophthalmc I ens,

conprising an optic having an anterior surface and a
posterior, surface, a diffractive structure conprising

a plﬁﬁalWFVH@#MHPPﬁﬁﬁépﬁvémﬁbnes di sposed on at |east
one Of SahbpBbadfi@Sn #AGH: 400R: 08N N0pSERRN Ahftke! LA optic
an adjacent_zone by a zone boundary, “sal d optic

provi di ngreyiding a fasdeeys epficelpopiendi ng to a zeroth

di ffracti,Qf .0 i ' ones and a..
near oo AL s @hipriig § BAFHY SRSl agposea
sai d di f PRatleasy eneefivaid suskives for prosiding axemefobu uptiaslipeser,

are char ' apblurality of non:.uni [m.,st
hei ght s g@%%?ﬂa%ﬁqgags pﬁ%onqﬂasﬁ%éfcﬁ#ﬁ%%vﬁfgléescf’épgk“&%?ﬂ{l% 85@6*“
di rect asyéaceicomvainfesisoes Wemise hipgiion bolight vt @said optic to

bet ween [ e and far., foci.sqQ as to .enhance .
inter medlﬁgtd geé&?cgfoo% ntp .ed‘T‘We%F@Wg%S'FW"‘EP Stithnear, angyfar fapifor
sai d nonenhntiog intainedialeaisgdit S conprise at | east two
consecutive steps each inparting a phase delay to
incident |light such that a difference between the

phage. dellhyRnasHesinATg dheina Gfdrehcs RNEE Clitvhiifes SF ﬁa%; at least

for at |east one mavelength of the incident light iIs
gr e AV SPOTER S A5EE oDabolt K% iogbput S0%6. The | ens of
claim15, wherein said optic provides a far-focus
optical power in a range of about 6 D to about 34 D.
17. 2¥ne leng rof claym R07 Bhexgivesaid twos diffiactive izongsrcowipiss two
a NadhcdhPsdss.optical power corresponding to an add
power in a range of about 2 D to about 4 D. 18. The

| ens of claim 14, wherein said diffractive zones are

sur pouUN AN . r.espective surfac
P2y by e e AR AL 85 o

23.  The lens of claim 19, wherein said far-focus optical power is in a range of
about 6 D to about 34 D,

24.  The lens of claim 19, wherein said near-focus optical power corresponds to

an add power in a range of about 2 D to about 4 D.
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21 19. An ophthalmc I ens, conprising an optic having
an anterior surface and a posterior surface, said

optic providing a far-focus optical power, a
diffractive structure conprising a plurality of
diffractive zones disposed on at |east one of said
surfaces for providing a near-focus optical power,

wher 2%-n aAn bpldisdmicmsofonpaisidg di f f ractive zones exhibit
sufficiengl ifferent surface curvatures so as toQ .
cause a pn‘%lr %(Rt%nha&" 8| 30T csiuﬁ-g‘i‘?t andra PA§RE pprface; gaid pptic
di rect ed providing b firéscoedi at e | ocati on bet ween sai d near
and far fao&f fgr en{lanci n%]sj nt ermedi at e _vi sion. 20.

The | ens “of AU SHEPENIS GOTLSNG & riralits pERigkactive gongs disposed
cur vat ur e adfeastdhélofarhidl s@isdes fdr PROVERMESnehSobil, @ I ange

of about 10%.to about 50% Zl.b%he_len_sehl?)i%OElE:bl’ai m 20,
wher ei n SHIEFR dovHraer ofaditlpask opo AE seid ofiffivdctive ewss exhibits an
adj acent agghafsity shéh thhb Sa - ér.gag{}g | n_sal
opht hal m'_clg,ﬂlaenfc_,y conpr.i gaégagﬁac?%e_.g . #ﬁ%c%}ﬁgg{o? p&%og of
cl ai m 19 neifrat gh tosas igtemmpdiatglogation betiveer safsoneer anid<ari facia
range of about 6 D to about 34 D. 24. The | ens of
claim 19, wherein said near-focus optical power

cor r¥€s pori#s lang of plaimn A% whevedn sdihaspherivityds cfaraeteeivéd B Deonic
to abaitintfn PrandZoraBour b BRBLASY e | ens, comprising an
optic having an anterior surtface and a posterior
surface, said optic providing a far focus, a

-di fhract i . (i Si lurality, of .
di 1 7t e 1e3 bR 55, SRR Sid ' Rl ehassacdtisha by puoptica
sur fpawersinfagangsobehait 6D ta abe@B4 Docus, wherein a surface
of at | east one of said diffractive zones exhibits an

28.  The lens of claim 25, wherein said ophthalmic lens comprises an IOL.,

29.  The lens of claim 25, wherein said near focus is characterized by an add

power in a range of about 2 D to about 4 D.
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‘respe

asphericity such that said diffractive structure
directs at least a portion of incident |ight to an
internmedi ate | ocati on between said near and far foci.
26. The lens of claim 25, wherein said asphericity is
characterized by a conic constant in a range of about
-10 to about -1000. 27. The lens of claim 25, wherein
sai % ar 4oeiighalmicdengreewesinged by an optical  power

'N a rangg dﬁlc ﬁ?&fﬁg alpagl?%%) toﬁtgrfapmgur e ?nd g%dstel-igre %[!%‘t%gnlisuroace,

claim 25, wherein sali c l'ens conpri's
| OL. 29. s¥e | ensopiic cl ai npr@@idingher ei ne sai d figar f ocfasus,

oo S5 S, W BENGEs peh 31950 O e
conpr i si mhowtnaroppfical haisi nf) ssid @icesd @k tOPfrbEad S Héak afobus,
and a po ri.or..optical. syrface,. sajd ti ¢ proyvidin

& Tar fodusre? g 18 orkibe oA eSS otpiiry it it dsradon
di sposed definedrty thd folawilg salitfoaces about an opti cal

axis of said optic so gs to provide a near focus,
wherein at |east one df =Sait@dfones (i) has a boundary
with a rad@eréigcati on defined by the foll ow ng

relation: =r, +21Af wherein i denotes the zone

nunber (i=0 denddemtdshie oathiraler 760 83noteselRRPIIO5ne],
desi gn wavel engtj] f denotes a focal |length of the
near focus, and *98°HBhaEHR Yavelenatli us of the central

zone, and wher eifidendted £RE 1ABHIITRHe R Baliamgd boundary
with a radial location that differs sufficiently from

that defined by % Bewigs #heaadivg ofitherentrdrzone, put at i ve
ect. a portion_ of incident

Do R R B L PR S

sufficiently from that defined by the above relation for a putative respective

zone so as to  direct a portion of incident light to an intermediate location between

said far and near foci.

31. The lens of claim 30, wherein the radial location of said at least andther zZone

differs from that defined by said relation by a factor in a range of about 20% to about
50%.

32, The lens of claim 30, wherein A is in a range of about 400 nm to about 700
nm.

33.  The lens of claim 30, wherein said near focus corresponds to an add power in
a range of about 2 D to about 4 D, |
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said far and near foci. 31. The |l ens of claim 30,
wherein the radial |ocation of said at |east another
zone differs fromthat defined by said relation by a
factor in a range of about 20%to about 50% 32. The
| ens of claim30, wherein Ais in a range of about 400
nmto about 700 rim 33. The lens of claim 30,

wier ei Ansphthalm@dens, Oshsiser r esponds to an add power in
a range of. %bqut 2 Dto about 4 D. 24 34, An .
opht hafthPRUICNAY{Ee anayiggior eptirg! afagsynd @ PRYeiasgptigs! surface, said
anped providaphitgdbeusur face and a posterior optica
surface, said optic providing a far focus, a

pl ur al Pty ofiditfragiive zores dispessd @n stjessteco said surbast to
opRvif as@hdo&idl faces to provide a near focus, wherein
said zones conprise a central zone having a radius

t hat | Wheseipfaid zenes bympriticfafcentenh zorferbavinga fadjus e isesuficiently
d tes.a desitgn wavel ength_and f denotes a foca

| SHETRE Bpm i e (5B Sl prelensth sd 4denesgfoeal on
Ofan b G ld ght._ ] ] ed to an. internediate
Vil 8 ke AR sulfFuf B b a P ngidPh S i Seipen
ofntegmedinte Sorationh betwieen said iwaf anddfarfagige of about 400 nm
to about 700 nun. 36. The lens of claim34, wherein

said near focus corresponds to an add power in a
rd¥nge Tie ledsaftcladi 3upwhdreiut 1 40in’Prange of about 400 nm to about 700

nm.

- 36. The lens of claim 34, wherein said near focus corresponds to an add power in
~arange of about 2 D fo about 4 D
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