WD 03/ 040807 PCT/ US02/ 33204 METHOD FOR MANUFACTURI NG MULTI FOCAL LENSES 5
Field of the Invention The present invention relates to nmethods for

manuf act worig/omsbt i f ocal ophthalmc | enses. |In particul aPCTtuse23320ent i on
provides a nethod for the manufacture of thin nultifocal |enses using high
refractive index materials. 10 Background of the Invention The use of
ophthal mc | enses for the correction of anetropia is well known. For
exanple, multifocal |enses, such as progressive addition |lenses ("PAL'S"),
are used for the treatnent of presbyopia. The progressive surface of a PAL
provides far, 15 intermedi ate, and near vision in a gradual, continuous
progression of vertically 1increasing dioptric power fromfar to near
focus, or top to bottomof the lens. PAL's are appealing to the wearer
because PAL's are free of the visible | edges between the zones of differing
dioptric power that are found in other 20 nultifocal |enses, such as

bi focals and trifocals. However, an inherent disadvantage in PAL's is

ety due Lo ¢ e L NEEARSHOR ARG PER RGO R GRA pser, zone, (he

This makes the PAL |ess desirable froma cosrretl c standpoint to the |lens
wearer. 25 One nethod used to decFieRlsH thdmvestidner thi ckness of PAL's is to

formthe lens froma high refractive inde Fﬁterl to redfu(%w@ihe sagittal
hei ght of the | enbie pressa Wermogﬁeka&eﬁrt%aeﬂw S fQy Rl ulty ude certain

pl astics. Addbg?ﬁﬁ%ll&%{safsﬂpdrﬁgﬁﬁﬁ 3 ?@eﬁnﬁﬂ?BQfd%§hlrhé‘tﬂ6cFé)glt@és doped with

certain rare hi'g efractive 1 ndex materi al .
However, a ngafhfexireios tiinmultifoes datses/esing bigh hefeaetige invdek mraderidlo r educe t he

center thickness of a nultifocal |ens
10

Background of the Invention
The use of ophthalmic lenses for the correction of ametropia is well known.
For example, multifocal lenses, such as progressive addition lenses (“PAL’s”), are
used for the treatment of presbyopia. The progressive surface of a PAL provides far,
15 intermediate, and near vision in a gradual, continuous progression of vertically

increasing dioptric power from far to near focus, or top to bottom of the lens.

PAL’s are appealing to the wearer because PAL’s are free of the visible
ledges between the zones of differing dioptric power that are found in other
20 multifocal lenses, such as bifocals and trifocals. However, an inherent disadvantage
in PAL’s is that, due to the incorporation of the power for the near vision zone, the
lens’ center thickness is increased in comparison to single vision lenses. This makes

the PAL less desirable from a cosmetic standpoint to the lens wearer.

25 One method used to decrease the center thickness of PAL’s is to form the
lens from a high refractive index material to reduce the sagittal height of the lens.
Useful high refractive index materials include certain plastics. Additionally,
aluminosilicate or borosilicate glass doped with certain rare earth metals provides a
high refractive index material. However, a need exists for alternatives to these

30 methods to reduce the center thickness of a multifocal lens



WO 03/ 040807 PCT/ US02/ 33204 2 Description of the Invention and its
Preferred Enbodi nents In the present invention, a nethod and | enses
produced W9 oBloersnet hod are provided in which the center PhiraknzsR4 s
reduced conpared to conventional 5 multifocal lenses. In addition to a
thinner lens, the nmethod of the invention provides |enses having good

i npact resistance. In one enbodi nent, the invention provides a nethod for
manuf acturing a mnultifocal |ens conprising, consisting of, and consisting
essentially of depositing on 10 at |east a portion of a surface of a |lens
substrate at | east one |layer of a surface form ng amount of a high
refractive index material, wherein the material is deposited under
conditions suitable to formon the | ens gubstrate surface a near vision
zone, an intermedi ate vision zone, or a conbination thereof. In another
enbodi nent, the invention provides a nultifocal |ens produced by this

met hod. For 15 pur posRsscrtionref thelnyientiomand itsfrglrred Emhodiments ndex nmateri al

is a material having a refract.ive inde [1.ard NE

met hod of the invéﬁ‘lgﬁeé’ﬁesf‘?gﬁn‘ﬁ”&? nﬁ’éﬂeg}oééig Ieiéet%p%# ?ﬁcéd;%%tgégéhn@gua{%cture
of progressi \bgo‘%jéai h Wit hl tBO 8@ fer thiRknédd iPRERSedebmphredito ¢emtentbnalby
“"progressive 20 addition lens" is nmeant a lens that has at |east one
progressi ve addiifocarerses: flagdditipy to a ghigperdens; (re methnd: 9idne dyeptierpproypdes
"progressive surface" is.meant a.co ani nuous, aspheric surface having far
and near vi siGesAAYEG goR%HPAS FEISIHSET at e vision zone of increasing or
decreasing dioptric power connecting the far and near vision zones. 25 In

yet anot her enbodi ment, the invention provides a (yf'&od for . manuf acturing
a progressive addin preremhodEneinthe iryeaEon EE’H&*’%?W&‘E OF IMuASHEING 3 ng
essentially of  d itin t § EdrRRtiRS eRetidifyP6Edepbsifing 6AS
substrate at q%tﬁ?ﬁﬁ%ﬁgo@gﬁgpgo?hg&é{lﬁ ?%ca;g %orn‘ilﬁégeaﬁount of eg ﬁi g
refracti vg i pdiexst ApbRIohal a sitfgdeaifra lens substrate at least one layer of a surface

forming amount of a high refractive index material, wherein the material is

deposited under conditions suitable to form on the lens substrate surface a near
vision zone, an intermediate vision zone, or a combination thereof. In another
embodiment, the invention provides a multifocal lens produced by this method. For

15 purposes of the invention a “high refractive index material” is a material having a

refractive index of about 1.7 or greater.

The method of the invention may find its greatest utility in the manufacture
of progressive addition lenses. For purposes of the invention, by “progressive
20 addition lens” is meant a lens that has at least one progressive addition surface. By
“progressive addition surface” or “progressive surface” is meant a continuous,
aspheric surface having far and near vision zones and an intermediate vision zone of

increasing or decreasing dioptric power connecting the far and near vision zones.

25 In yet another embodiment, the invention provides a method for
manufacturing a progressive addition lens comprising, consisting of, and consisting
essentially of depositing on at least a portion of a surface of a lens substrate at least
one layer of a surface forming amount of a high refractive index material, wherein

the material is deposited under conditions suitable to form on the lens substrate
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the material is deposited under conditions suitable to formon the |ens
substrate 30 WO 03/040807 PCT/US02/33204 3 surface a near vision zone and
an i nt er e0i0a40807 si on zone. I n another enbodi nent, the POTASDE/ER204€r OVvi des
a lens produced by this nethod. 5 The | ens substrate used in the nethod of
the invention may be a lens or an optical preform By "optical preforni is
meant a shaped, optically transparent article capable of refracting |ight
and suitable for use in producing a spectacle lens. The |lens substrate

i ncorporates either all or a portion of the 'spherical power 10 necessary
to correct distance vision; the cylinder3 power; and the prismdesired for
the lens to be produced. Preferably, the | ens substrate incorporates all of
the spherical, cylinder and prism power. The substrate nay be fornmed by
any known nmethod such as nnlding, machi ni ng, casting, or the like, or

nmbi f
Tho | ons. SUBBHRGE Soatyisisn %6 AR f kIR EPh Son InrBct Srolmige 10

spectacle | %lnﬁ%ﬁfd;ﬁbwdédd]eﬁ& pduce byathisrmethed.i ncl ude, wi t hout
limtation, glass, polycarbonates, such as bi sphenol A polycarbonates,

al lyl didl ycoI carbonates, such as diethylene glycol bisallyl car bonat e

(CR39TM "l Iyl i, 45%5§%ua§&md%ﬂkfm&h$abféenﬁ%ﬁﬁw a9 be a'1bd drth

phosphat e and tr| rate, acrylic esters, acrylatés, nethacrylates,
such as net t@;shcalq,t\—émhn Bydoﬁiwayprefmthaengphmmlamdd oamqllyatt@sparem yrenics,
0

D ef or m may ABiEle GARRRlS o FTRCBAG NE 470, SBILAe (1 a G TLBATHBE BRPRAIAER osed i n
:Jg:‘ tereg nfte at 5, P& bste inforfOBted (Rhér BRSO Higwloh Biciphetial pbsveent i rety by
10 necessary to correct distance vision; the cylinder power; and the prism desired for
the lens to be produced. Preferably, the lens substrate incorporates all of the
spherical, cylinder and prism power. The substrate may be formed by any known
method such as molding, machining, casting, or the like, or combinations thereof.
Preferably, the substrate is injection molded.

15
The lens substrate may be made of any material suitable for use as a

spectacle lens material. Illustrative materials include, without limitation, glass,
polycarbonates, such as bisphenol A polycarbonates, allyl diglycol carbonates, such
as diethylene glycol bisallyl carbonate (CR-39™), allylic esters, such as triallyl

20 cyanurate, triallyl phosphate and triallyl citrate, acrylic esters, acrylates,
methacrylates, such as methyl, ethyl, and butyl methacrylates and acrylates,
styrenics, polyesters, and the like and combinations thereof. Additionally, the
preform may be formed from one or more of the phosphine oxides disclosed in
United States Patent No. 6,008,299 incorporated herein in its entirety by reference.

25  Preferably the substrate material has a refractive index of about 1.50 or greater.

Suitable high refractive index material is selected and deposited onto the
substrate so that the material: 1.) has an absorption of visible light of less than about
10 % at the thickness at which it is used, preferably less than about 5 %; and 2.) is
30 capable of forming a scratch and impact resistant, continuous, film with a surface

roughness of less than about 15 nm rms and does not change optical transparency,



25 Preferably the substrate material has a refractive index of about 1.50
or greater. Suitable high refractive index material is selected and
deposi t edwonBo4ashe substrate so that the material: 1.) h&asTarsozakoes ption
of visible light of |ess than about 10 %at the thickness at which it is
used, preferably less than about 5 % and 2.) is 30 capable of formng a
scratch and i npact resistant, continuous, filmwth a surface roughness of
| ess than about 15 nmrnms and does not change optical transparency, WO
03/ 040807 PCT/ US02/ 33204 4 refractive properties, optical clarity, and
adhesion to the lens substrate by nore #han about 5 percent over a 2 or
nore nonths of use in typical environnental conditions. 5 Exanples of
suitable high refractive index materials are shown on the table bel ow,
which materials may be used in conbination. The indices of refraction
listed are al ues
bei ng depen&?ré? tl&eﬁﬁrp %ﬁ?}hg@% %%tlaysaﬁtr?y hﬁ%? J(l)tlf‘eg o:ngﬁgﬁlsﬂfggbg&%%g?g%??thg}ﬁ ure.

Val ues for aoiey pereht o ab@umdae mOnthalmﬁuSe 2 typidalfemvirpnmentelnscadidiens.0 t o

about 1.33. 10 Material_ R N4, 2.0 Si OX r . 88 Ta205
2.07 A1203Bxamies of gpiabledigh fsga“é}ﬁ?@ Xé’&ateﬂggé%e 52‘0’3‘@ 0‘1\36693%1%‘2? ow,
which materials may be used in combination. The indices of refraction listed are
typical values in the visible light range, the actual values being dependent on film
processing, stoichiometry, and microstructure. Values for x may be from about 0 to

about 2 and for y, from about 0 to about 1.33.

10

Material RI

SizNg 2.03
SiONy 1.5-2.0

ZrO, 1.88

Tay05 2.07

AlO; 1.77
TiO; 1.9-2.3

Cr,0 2.24

Nb20s 2.39

MgO 1.74

Iny05-Sn0; 1.90

HfO, 2.07

Y,0 1.94

Diamond 2.42
Diamond-like Carbon ‘ 1.6-2.2
Carbon Nitride 1.6-2.2

Deposition of the high refractive index material may be carried out by any
convenient means. Preferably, it is carried out so that a refractive index modulation
or refractive index gradient is formed. A refractive index modulation is an

15  oscillatory variation of the index as a function of one of the spatial coordinates,



In2C3-Sn2 1.90 HF02 2.07 Y20 1.94 Di anond 2.42 Dianond-1|ike Carbon
1.6-2.2 Carbon Nitride 1.6-2.2 Deposition of the high refractive index

mat eri al wayw3bbesearried out by any conveni ent nmeans. PrefPemraisoy332ds i s
carried out so that a refractive index nodul ation or refractive index
gradient is formed. A refractive index nodulation is an 15 oscillatory
variation of the index as a function of one of the spatial coordinates, WO
03/ 040807 PCT/ US02/33204 5 typically the z axis over an orthogonal pl ane,
e.g., the x-y plane. Arefractive index gradient is a continuous change in
the index simlarly neasured. The nodul ation or 5 gradient nmay be achi eved
by any conveni ent nethod. For exanple, the nodul ation may be forned by the
alternating deposition of two different 6onmpositions, such as a nitride
and an oxide of the same netal. A gradient may be formed by the continuous
alteration of the conposition of the |ayer as deposition proceeds, such as
by varying the ratio of oxygen to nitrogen continuously from pure oxide to

Geposi t e, TaBeal g B0 RIGRE IR DERS cl, DR Dby "R el iyE ARk e

deposi t ed. X mat nmust
refractive igdawnt itsfaaiondmicfue blsarfgemmhehadiem:mhﬁy mstbatrctht @hd)lyxodmlaum 0.1

in the wavel ength range of about 400 to abogjt 2:0 re tpan one
| ayer is Bepgefieaumay he ashighe by a¥ copyenqeat megod, Sior eXamp N east

0.1 units of refr YaN& m%mlffefegﬁcdaﬁ osamwsuéﬂgs jo0
about 750 nrﬁnafp ?CiHe\é%g tﬁ%@%@é\??ggﬁgy those ordinarily s p led in the art
t hat the opthigide sdranexidecof the sawiedeetabyA ighesliané pmsnbteefqnmcyby thefcpatmuoue i ndex
alteration of the composition of the layer as deposition proceeds, such as by varying
the ratio of oxygen to nitrogen continuously from pure oxide to pure nitride or by

10 continuously increasing the thickness of the layer deposited.

The deposited high refractive index material must be of a refractive index
that differs from that of the substrate by at least 0.1 in the wavelength range of about
400 to about 750 mm. If more than one layer is deposited, the layers must differ
15 from each other by at least 0.1 units of refractive index in the wavelength range of
about 400 to about 750 nm. It will be recognized by those ordinarily skilled in the
art that the optical correction provided by the deposited high refractive index
material will be a function of the product of the added sag height, or layer thickness

measured along the z axis, and the refractive index of the material deposited in the

20 form of the layer.

The amount of high refractive index material used be a surface forming
amount or an amount suitable for forming on the lens substrate the surface desired
based on the material selected. The amount of high refractive index material used

25 must be such that a surface with a thickness ranging from about 0 to about 200
microns, preferably 2 to about 100 microns, is formed. Typically, an amount of
from about 10 to about 100 micrograms will be used. The layer preferably is at its
thinnest at the geometric center of the lens substrate. Preferably, the thickness of the
layer at the substrate’s center is about 0 microns.
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material will be a function of the product of the added sag hei ght, or

| ayer thickness neasured along the z axis, and the refractive index of the
mat eri al Woposiesed in the 20 formof the | ayer. The anouRCTAfS02B3Izhd
refractive index material used be a surface form ng anount or an anount
suitable for formng on the lens substrate the surface desired based on
the-material selected. The anount of high refractive index material used 25
must be such that a surface with a thickness ranging fromabout 0 to about
200 mcrons, preferably 2 to about 100 microns, is forned. Typically, an
anount of from about 10 to about 100 microgranms will be used. The | ayer
preferably is at its thinnest at the geofretric center of the |lens
substrate. Preferably, the thickness of the |ayer at the substrate's

center is about O picrons.. 30 WD,03/ 0408 PCT/ US02/ 33204 6, The hj.gh
refract : \S/e i ngex ngieehlgléseﬁa‘étbvﬁslpg%mﬁ@@&%%“ g8 Bgﬂ%ee@pé?%qd ct"l"?\‘é{h%enti re

| ens subst rate%ti?éjfeﬁééiﬁ)strﬁégtﬁﬁafce. RlatHER Vit Hﬁg@@ﬂ@ﬁdsﬁt@(ﬂo@f@ﬁe iRgopsiRa of the
substrate's surface at which it is desirable to provide an internedi ate

vi si on zone, sab8ratgasurficsabwhizhitas desirableiomsovide avmtarmediats visibagoss,tai on of
the high refractive index matelg.i al. r’r@é g.& perfornmed on the back (eye side)
surface or’® f M5At VIFGRZER% OL# (IMDIAYQILIETeR,. { he | ens substrate, or both.
Deposition nay be carried out by any of a nunber of methods including,
w thout 10 limtation, sputtering, evaporation, chenical vapor deposition,
atonic | ayer depodPeposition efthpbisthorefretiveaipdey mpisral manboperfermsgesithe on, and

the |ike, an conbi | ops_thereqgf.. In. f e_hi gh i ndex
material is g’éﬁlﬁgﬁyf g@%i,gqrﬁg,e d ﬁ%rg[&‘)bjf%t Séggr}fs ‘é#?ceér?gg}[\(erﬁ\%ﬁ{]ﬁ%gu{ll h%lj-.bo -'si ght
deposi ti on mesdpasition Hly baSarsied bhEby Ay 6f a number of methods including, without

10 limitation, sputtering, evaporation, chemical vapor deposition, atomic layer

deposition, cathodic arc deposition, ion beam deposition, and the like, and

combinations thereof.

In one useful method, the high index material is deposited using a near

15 contact mask with a line-of-sight deposition method, such as sputtering or
evaporation. Under vacuum conditions in which the mean free path, or average
distance traveled before a collision with another species or the deposition chamber
wall, of the depositing species is larger than the dimensions of the deposition
system, deposition occurs in a straight line process from the source of the deposition

20 to the substrate being coated. A solid metal mask that is in close proximity, but not
touching, the surface prevents the deposited material from being deposited in the
area blocked from a straight line view of the deposition source. The mask may have
the geometry to imparted to the substrate surface and be fixed or the mask may be

moved across the lens surface. The precise process parameters will depend upon the

25 'material to be deposited.

In an alternative method, selective deposition is carried out using laser-
induced chemical vapor deposition. A glass or metal vacuum chamber is used to
contain the lens substrate, which chamber has a laser port at least about 75 mm in

30 diameter so that the beam can be focused to all positions on the substrate surface.

The chamber is filled with an organo-metallic chemical precursor. Suitable



evaporation. Under vacuum conditions in which the nean free path, or
average distance traveled before a collision with another species or the
deposi ti owoshamser wall, of the depositing species is |aPgerushnzd04 he

di rensions of the deposition system deposition occurs in a straight line
process fromthe source of the deposition 20 to the substrate being coat ed.
A solid netal nask that is in close proximty, but not touching, the
surface prevents the deposited material from being deposited in the area
bl ocked froma straight line view of the,deposition source. The mask nmay
have the geonetry to inparted to the su%strate surface and be fixed or the
mask may be noved across the | ens surface. The precise process paraneters

wi Il depend peeutsérs@re thbseapalé af widerdsing @eosigosidion by specifit lighthat i ve

met hod, selective deposition igs carried out using |aser- induced chem cal
vapor deposi Vivhengthsghatsse ancessihle psipg coimmcetialhbetailpble lases. t1de insractpm t he

| ens substr i I S 3 in 30
di anet er soac%fﬁlell? E‘{Eﬁ?@gﬁ?ﬁ}ﬂ%%r%a%g%sglé%gle%{epﬁ&gPF&En(éoﬁﬁlﬁ%nagﬁgﬁ%{) ?Sri@or[s%st rate

surface. 5 Thie biyhnihésx inatefiall Thd ravetoli depositiqgaed isegradtér tha hiegtit d8lnnpseec ur sor .
Sui t abl e WD 03/ 040807 PCT/ US02/ 33204 7 precursors_are those capable of

under goi ng dBBERIDSIPIIYFOBYNSBES ivithout l%?tlomlgﬁgﬂ*@@siﬁp%ﬂé th&cessi bl e
usi ng comrenGieal iV obaidiah ﬁijegfé e 1a50hdaRE & H%Bntimougﬂ%ﬂfcp(%g sor with

the | aser results 1 n chemca conposition an eposition the high

i ndex mat er isabstraté eurfaat én opattbapasd 4t ampeed tut provigiee dteatesiréd pecalpeityt anto
nmsec. |l éﬁgi{{lat I ve precursors include, without Iimtation, CH3l, SiH4,
N20, Tid 4 & |ike and conbinations thereof. The | aser beamis noved
continuoysly across the substrate surface in a pattern and at a speed that

provides the desired geonetry and thickness. 10
In yet another deposition method, material is selectively removed to produce

the desired surface geometry and thickness. A layer of the high index material
approximately uniform in thickness is deposited on the substrate surface using
vacuum deposition such as, without limitation, sputtering, evaporation, chemical
15 vapor, plasma, or the like, or combinations thereof. The deposited layer is then
subjected to ion beam, laser, or another energy source that is capable of removing
the high index material by ablation, vaporization, or the like. A near contact mask

may be used.

20 In all of the above-described deposition methods, deposition may be
controlled by a feedback mechanism that enables deposition of a complex surface
geometry conforming to a polynomial or sum of polynomials each describing a
segment of the surface and smoothed over at the boundaries by means of splines or
other fitting routines. Suitable feedback mechanisms include, without limitation, a

25 reflectance measurement using a fiber optic light source and detector. Using a
focused light source with a spot size of less than about 1 mm and preferably about
100 microns, the deposited layer thickness may be measured accurately as deposited.
The information is fed back to the deposition system using a proportional integral
derivative process controller. Alternatively, the actual focal length of the entire lens

30 ata given position may be measured using a focused light source and detector, the

light source spot size being less than about 1 mm. The focal length of the lens may



In yet another deposition nethod, material is selectively renoved to
produce the desired surface geonetry and thickness. A |layer of the high

i ndex natwoitalo408appr oxi mately uniformin thickness i s dep®€Titsd2/33204 he
substrate surface using vacuum deposition such as, without limtation,
sputtering, evaporation, chem cal 15 vapor, plasma, or the |like, or

conbi nations thereof. The deposited layer is then subjected to ion beam

| aser, or another energy source that is capable of renoving the high index
mat eri al by ablation, vaporization, or the like. A near contact nmask may
be used. 20 In all of the above-descri bed deposition nethods, deposition
may be controlled by a feedback nechani smthat enabl es deposition of a
conpl ex surface geonetry conformng to a polynom al or sum of polynom als
each describing a segnment of the surface and snoothed over at the

boundari es byenEaRgre@fangRbinpAed & the AbHRM HédlIdpeh sOHEHONE BosittstaelsEthe
f eedback mechani sns include, without limtation, a 25 refl ectance

measur enent Uderisng a fiber optic light source and detector. Using a focused
| ight source with a spot size of |ess than about 1 mm and preferably about
100 nicroﬁ%, the deposited | ayer thickness nmay be neasured accurately as

deposited. The i {Oim@idnifive smbednRACH the ilvestisie RRS ddposile B Pdramayusi N a
proportional integral derivative process controller, Aternativély, the
actual focal exiendprerdhe enlére sehsirpis suefaes AW rapvide gprreqiiopder higber ardsr, be

d [ . f ' . . L.aht ..
ot 3o bei ng | BeeRnp g By bOMoe MHEA B dtFL TR Rine. Vo i) Vg P
03/ 040807 PCHjHdHeal b3A@tion, Bbhiguemeigmkitsn,and comapatest bticaheorfRGossaday ocal

| engt h at various,£ositlons across the lens. 5 As an alternative
enbodi nent® obe pravidedyrdivsing theaddedengi height ph g singlgalpyer. Alternatively, more

than one layer may deposited and the surface topography of the interface between
the two layers is adjusted to provide the surface geometry required to provide the
desired optical aberration correction. As yet another alternative, the refractive index
of the deposited layer or layers may be varied in order to provide the desired optical

15 aberration corrections. Thus, in another embodiment, the invention provides a
method for manufacturing a lens capable of correcting at least one higher order
ocular aberration comprising, consisting of, and consisting essentially of depositing
on at least a portion of a surface of a lens substrate at least one layer of a surface
forming amount of a high refractive index material, wherein the material is

20 deposited under conditions suitable to form a surface capable of correcting the at

least one higher order optical aberration.

In carrying out this embodiment of the invention, a perform having a
progressive addition surface with the desired locations of the far, intermediate and
25 near vision zones is used, which preform has higher order optical aberrations that
need to be removed. The surface of the perform is mapped to determine the sag
values, or X, y, z coordinates, of the surface relative to a reference surface in the x, y
plan, choosing points at which sag measurements are made about every 0.1 to about
1.0 mm. The sag table is divided into a grid covering the surface, the grid being any
30 ofa variety of geometrical figures including, without limitation, triangles, rectangles

or squares, and the like, the size of each segment being no less than 1 mm and no



extend over the entire substrate surface and provide correction for higher
order, neaning third order or above, optical aberrations including,

wi t hout |woimBasisen, spherical aberration, oblique asti gnmRCITAarsp2/33204 cona.
These optical corrections my 1o be provided by adjusting the added sag

hei ght of a single layer. Alternatively, nore than one |ayer may deposited
and the surface topography of the interface between the two |ayers is
adjusted to provide the surface geonetry required to provide the desired
optical aberration correction. As yet another alternative, the refractive
index of the deposited | ayer or layers nmay be varied in order to provide
the desired optical 15 aberration corrections. Thus, in another enbodi nent,
the invention provides a nethod for mandf acturing a | ens capabl e of
correcting at | east one higher order ocular aberration conprising,
consisting of, and consisting essentially of depositing on at |east a
portion of aUEE?HgéélﬁFLa | ens substrate at |east one |ayer of a surface
form ng amount of a high refractive index material, wherein the material is
20 deposited under conditions suitable to forma surface capabl e of
correcting the at Fofr emhtsegmenthihgldesirarabgact distancafrombthe tagetarject distaace yi ng

out this enbodinment of t i nvention, a r f or.m havi ng. r.ogr essi ve
addi tion §u_rfsaﬁlé°%415ﬁ_mc ﬁgﬁgggair Ve @@glap@ﬁgoug]émcmeatftﬁ%n%rﬂﬁg YfigPe and
25 near Vi si 9pheZ Of\RSsal aliBE thr ¥l eBriRhefk et iR d BordPhoifts 38 theR bR
aberrations that need to be renoved. The surface of the performis nmapped

t o det er m nethahwild prpvidedthe best splerocylipdrical eoredtion dorthe desiradmbjent distanee

ag measur endiing SpEechna b §iroshubdest snd idislicoRROB AARRLAL G " able
is divided i phowdat’isré&semption) THehBfferhéciaenedsied anil doplied sagyaldds off a

variety of geonetrical figures including, without Iimtation, triangles,
rectangl 9 everspeoiat atcach segmangis| Jekaminedand ro-gogpuied dy taldpgrinie aesounly no

less than 1 mgr@ﬁlgctigg iﬁ’c\‘?&%’tl%"}ﬁ@l?%fﬁﬁféé&ﬁ@% el tobe deposited. The sag

values of the points bordering each segment are compared with those of neighboring
segment in order to determine the discontinuities in sag values and slopes at the
borders of each segment.

15

The sag values of all points in each segment are altered until the

discontinuities in sag values are reduced to a value less than that can be perceived by
the human eye, about 0.1 micron or less, and discontinuity of slope is reduced to a
value less than that can be perceived by the human eye in the form an image jump,

20 about 0.1 degree or less. The best fit for the new surface in each segment is
determined in relation to the spherocylindrical surface and the steps of the process
repeated as necessary and through as many iterations as needed, until no further
changes in sag values occur. Once the sag values of all points at each segment is
known, the layer of high refractive index material is deposited to the required '

25 thickness.



nore than 8 mMm For each segnent, the desired object distance fromthe
target object distance 5 is about 45 cmat the near vision zone and about
60 cm at wbesjosiser nedi ate vi sion zone. The sag val ues foPC#AsSh2/3RMENt 1S
determ ned for all points in the segnent that will provide the best
spherocylindrical correction for the desired object distance at that
segnent and the spherocylindrical and prismatic correction required by the
| ens wearer's prescription. The difference in neasured and conputed sag
val ues of 10 every point at each segnment is determ ned and re-conputed by
taking into account the refractive index of the high refractive index
material to be deposited. The sag valuég of the points bordering each
segnent are conpared with those of neighboring segnment in order to
determ ne the discontinuities in sag val ues and sl opes at the borders of
each segnent. 15 The sag values of all points in each segnent are altered
until the qifgNELDMtLes in sag values are reduced to a value Iess than
that can be percerved by the hunan eye, about 0.1 micron or |ess, and

di scontinuity of slope is reduced to a value |less than that can be

per cei ved by the human e in_the.form i e junp, .20, abqut 0.1 degree
br 1 ess. STha- bestA MmO &9t T ediing wittors Tels domuiising AcPPEting gk &t m ned i n
relation tojd.be, 566k BEY SUrRE bfflens YWikRat ANhst HiR 1§}eera§agﬁrf£&qvoﬂﬁmg_es S
repeated as necessary and through as many iterations as needed, unlTil no

further chamgest dfia leglyrefrattivesndexcmateridh) wehetefireths ampterédl isedepotiteal undpoi nt s at
each segnent is. kno he | a f hi efractive index material is
dopos: tad + EoRdionsafete Ban B Fha Rox SoHE GurBRARFH PoRR A0/ Ha204 10

What i s cl ajf@sheldfute vision zone, or a combination thereof,

10
2. The method of claim 1, wherein the high refractive index material is
deposited under conditions suitable to form the near vision zone and the

intermediate vision zone.

15 3. The method of claim 1, wherein the high refractive index material is

deposited on the entire surface of the lens substrate.

4. The method of claim 2, wherein the high refractive index material is
deposited on the entire surface of the lens substrate.

20
5. The method of claim 1, 2, 3, or 4, wherein the high refractive index material

is selected from the group consisting of Si3Na, SiOxNy, ZrO,, Ta;0s, Al,O3, TiO,,
Crz0, Nb,Os, MgO, In205-Sn0,, HfO,, Y,0, diamond, diamond-like carbon, nitride
and combinations thereof, wherein x is about 0 to about 2 and y is about 0 to about

25 1.33.

6. The method of claim 5, wherein the deposition is carried out so that a

refractive index modulation is formed.

30 7. The method of claim 5, wherein the deposition is carried out so that a

refractive index gradient is formed.



5 1. Anmethod for manufacturing a nultifocal |ens, conprising depositing on
at least a portion of a surface of a |l ens substrate at |east one | ayer of
a surfacewbosnuesgr anmount of a high refractive i ndex natePcalusoms®o£i n t he
material is deposited under conditions suitable to formon the |ens
substrate surface a near vision zone, an internediate vision zone, or a
conbi nation thereof. 10 2. The nethod of claim1, wherein the high
refractive index material is deposited under conditions suitable to form

t he near vision zone and the internediate vision zone. 15 3. The nethod of
claim1l, wherein the high refractive index material is deposited on the
entire surface of the lens substrate. 4. The nethod of claim2, wherein the
hi gh refractive index material is deposlited on the entire surface of the

| ens substrate. 20 5. The nethod of claim1l1, 2, 3, or 4, wherein the high
refractive index material is selected fromthe group consisting of Si3N4,
Si OXNy, Zr@2, Ta20b, A1203, Ti02, Cr20, Nb205, MO, 1n203-Sn02, Hf 02, Y20,
di anond, di anond-1ike carbon, nitride and conbinations thereof, wherein Xx
is about O to about 2 and y is about O to about 25 1:33. 6. The nethod of
claimb5, whe¥-ein AH@UW&@JGN piedueed barthe awthodiofslpimhag, 3or4.ef racti ve i ndex
nmodul atiop is formed. 30 7. The nethod of claimb5, wherein the deposition
is carried out so that a refractive index gradient is forned. WO 03/040807

PCT/ US02/ 33204 1A rBultifocalilehs frodwded lbgnbe pietddofdlany st he met hod of claim 1,
2, 3 or 4.

10. A multifocal lens produced by the method of claim 6.
10 11. A multifocal lens produced by the method of claim 7.

12. A method for manufacturing a lens capable of correcting at least one higher
order ocular aberration, comprising depositing on at least a portion of a surface of a
lens substrate at least one layer of a surface forming amount of a high refractive

15 index material, wherein the material is deposited under conditions suitable to form a

surface capable of correcting the at least one higher order optical aberration.

13. The method of claim 12, wherein the high refractive index material is
deposited on the entire surface of the lens substrate.

20
14. The method of claim 12, wherein the high refractive index material is

deposited on the entire surface of the lens substrate.

15. The method of claim 12, 13, or 14, wherein the high refractive index material
25 is selected from the group consisting of Si3Ny, SiONy, ZrO,, Ta,0s, Al,Os, Ti0s,

Cr20, Nb,0s, MgO, In;03-Sn0,, HfO,, Y20, diamond, diamond-like carbon, nitride

and combinations thereof, wherein x is about 0 to about 2 and y is about 0 to about

1.33.

30 6. A multifocal lens produced by the method of claim 12, 13 or 14.



5 9. Amltifocal Iens produced by the nethod of claim5. 10. A nultifocal
| ens produced by the nethod of claim6. 10 11. A multifocal |ens produced
by the nmewbadoafsorl aim 7. 12. A nethod for manufacturing &Crarns2/zaepabl e of
correcting at |east one higher order ocular aberration, conprising
depositing on at |least a portion of a surface of a |ens substrate at |east
one | ayer of a surface form ng anount of a high refractive 15 index
material, wherein the material is deposited under conditions suitable to
forma surface capable of correcting the at | east one higher order optical
aberration. 13. The nethod of claim 12, wherein the high refractive index
material is deposited on the entire surface of the |lens substrate. 20 14.
The method of claim12, wherein the highl¥efractive index material is
deposited on the entire surface of the |lens substrate. 15. The nethod of
claim12, 13, or 14, wherein the high refractive index material 25 is

sel ected fromthe group consisting of Si3N, Si OxNy, ZrQ2, Ta205, A1203,
TiCr2, Cr2017.No2@5multlal leng phhdbedddsy the iktho®@6d clginab®ind, di anond-1i ke
carbon, nitride and conbinations thereof, wherein x is about 0 to about 2
and y is about 0 to about 1.33. 30 16. A nmultifocal |ens produced by the
met hod of claim 12, 13 or 14. WD 03/040807 PCT/US02/33204 12 17. A
mul ti focal |ens produced by the method of claim 15.



