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The use of ophthalmc lenses for the correction of anetropia is well known.

For exanmpy® osfidshs f ocal | enses, such as progressive add#&%{@é&%ﬁi
ive

("PAL's"), are used for the treatnment of presbyopia. T

surface of a PAL provides far, 15 internediate, and near vision in. a
gradual , continuous progression of vertically increasing dioptric power
fromfar to near focus, or top to bottomof the lens. PAL's are appealing to
t he 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 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
| ens’ center thickness is increased in conparison to single vision |enses.
This makes the PAL |ess desirable froma cosnetic standpoint to the |ens
wearer. 25 One nethod used to decrease the center thickness of PAL's is to

formthe |ens fromﬁ%g‘b lﬁﬁﬂﬁﬁﬁ- @I’ﬂf?ﬂ?é]f@ig ce the sagittal
hei ght of the |ens ?ul g re)f(rac Ive 1 ndex rrapf]térl a Sgl ncl ude certain

plastics.5Additionally, aluminosilicate or borosilicate glass doped with
certain rare earth netals provi dBieldof the Igventiefir act i ve i ndex nateri al .
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LENSES Fi el cbphﬂxalniiieldnseserinpaﬁcuTirethpummdnprm&stamathbﬂcﬁtﬂe& to nethods for
icular, the invention

manuf act urin tlfo lmc le
provi des a rfg‘ﬂ‘fngﬂmf‘?)? 8&'&’%]?%%‘?3@’ rﬁ#ﬁc I‘? e JRalfriglnses using hi gh
refractiyg index materials. 28 APxi L 2006

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 ang AgmnPodkerr ed
Enbodi nents In the present invention, a nethod and | enses produced by the
met hod ar eyoRsMsk@ded i n which the center thickness is reduced conpared to
conventional 5 multifocal lenses. In addition to a thinn@FTﬂ§ﬁ§?gBhe net hod
of the invention provides |enses having good inpact resistance. In one
enbodi nent, the invention provides a nethod for manufacturing a nultifocal

| ens conprising, consisting of, and consisting essentially of depositing on
1 o at least a portion of a surface of a |lens substrate at | east one | ayer
of a surface formng anount of a high refractive index material, wherein
the 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. In another enbodinent, the invention provides a

mul tifocal |ens produced by this nmethod. For 15 purposes of the invention a
"hi gh refractive i ndeResomptonicfithe Inwenionandity Rrefetred Enbodimentsf r act i ve i ndex of

about 1.7 or great f [ i may. fi.nd its. greatest

utility in the nanlﬁ?ha?}_%fg%t%ﬂﬁ%‘%gw%@%q#@Yglgééip?‘?d&ﬁe%{%g?@ewgﬁur poses of

t he i nventi orproviyed ipwaiphaksdentr ficladsh it redocddebmpared torediventionabns t hat has at
ressive addition surface"

| east one progressive additiqn surface. By _"prqg ( [ ]

or "progre sﬂ%‘é‘“i‘]ﬁﬂﬂg@@*%g@%@%}h@ aatﬂg‘é‘ﬁ‘tl%‘u@ﬁgle&%%ﬂ&mﬁewpﬂ’&v@eﬁavi ng far
and near Vi sijgfiedRIVEY BOintthct REiSARMI ate vision zone of increasing or
decreasing dioptric power connecting the far and near vision zones. 25 In
yet anot her enbodi nent, the invention provides a nethod for manufacturing a
progressive additi I S0P | Sl . i St , sk st i ng
essentially of de%@éhete?dégdlon é?ﬁelsﬁe’gg{mg%&?rd?% %ﬁgtggﬁgoégr ufaf%e 4 Tens
substrate at nhdtifotal lems eoth@rjsing, oénsistiag of, ankcdnsistingregsanialin of dépositihp o
refractive index materia erein th terial i g depasited under
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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

30



WO 03/ 040507 PCT/ US02/ 33204 3 surface a near vision zone and inte (gﬁﬂlate
vi sion zone. |In another enbodi nent, the invention provides éﬂﬁé lpi ced
by this method. 5 The | ens substrate used in the nethod of the invention nmay
be a | ens WO0W&EM@4088pti cal preform By "optical prefornt i sorm@itseshaped,
optically transparent article capable of refracting Iight and suitable for
use in producing a spectacle lens. The |ens substrate incorporates either
all or a portion of: the spherical power 10 necessary to correct distance
vision; the cylinder power; and the prismdesired for the lens to be
produced. Preferably, the |lens substrate incorporates all of the spherical,
cylinder and prism power. The substrate3may be forned by any known nethod
such as nol di ng, machining, casting, or the like, or conbinations thereof.
Preferably, the substrate is injection nolded. 15 The | ens substrate may be
made of any material suitable for use as a spectacle lens material.

| Il ustrati ve snrhcera mhmxﬁlmtonﬂandmiiﬂmmbdihiervisimtﬁona, Imdmetifer empodimensty bonat es,

such as bi sphenol ate coI carbonat es, such as
di et hyl ene gl ED&OEBM 31‘%6%(‘@&"@ allylic esters, such as
triallyl 20 cyanurate, triall yI phosphate and tr| allyl citrate, acrylic
esters, acryl ates nmet hacryl ates, such as nethyl, ethyl, and butyl

met hacryl at es andlaefps € usefl yit 0 YRS MY Peanens|orge and
‘I“aleyatbssats;si@ﬁmes df thednYemt et

conbi nati ons orm™ b from one or

nore of the p‘%osp I ne oyd%g@%sgﬁg_ oseoliﬁn%&wgﬁ% %g%{%%@ a&aé@él}t

6, 008, 299 i nericleaapabdeiofirefrasting llghtlané saitablerfot h}selnypmdﬁengaspectazre léirsef erably

t he substrat teri has 1.50 or greater.

Sui t abl e hi gﬁhggfl? 5‘9’?4’?}%@%8? ‘?@rrl al ragg&é?ggtt@ 8"%8}3‘8&5 ted onto the

isubst r ﬁt €10S gnédaes*antﬂaeom @istafite vision; thesyliader palven afd tiwprisin desteddoe | i ght of

ess than a

e IO EIR NG T RIS R LR
resistant, CeiheficHlYyfinder bt privnd poweerS Thé SfbStrate 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,



roughness of |ess than about 15 nun rns and does not change ggti cal
transparency, 28 APRIL 2006 WD 03/ 040807 PCT/ US02/ 33204 4 reff ARRIL2006
properties, optical clarity, and adhesion to the | ens substrate by nore than
about 5 pevVeexNe4087er a 2 or nore nonths of use in typicapcemgiyasrent al
conditions. 5 Exanples of suitable high refractive index materials are shown
on the table below, which materials nay be used in conbination. The indices
of refraction |isted are typical values in the visible |ight range, the
actual val ues being dependent on film processing, stoichionetry, and

m crostructure. Values for x may be fromabout 0 to about 2 and for y, from
about 0 to about 1.33. ]0 Material R Si“3N42.03 Si OxNy1l.5-2.0 Zr O21. 88
Ta2052. 07 A12031.77 Ti021.9-2.3 Cr202.24 Nb20b2.39 MyOL. 74 1n203-Sn021. 90

Hf 022. 07 Y201. 94 Di anond2. 42 Di anond-|i ke Carbonl. 6-2.2 Carbon
Nitridel.6-2.2 Deposition of the high refractive index material nmay be
carried out rbfracsivg properties, optical clarity, and adhesion to the lens substrate by more than

about 5 percent over a 2 or more months of use in typical environmental conditions.
5 Examples of suitable high refractive index materials are shown on the table below,
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
SiaNy 2.03
SiONy 1.5-2.0
ZrO, 1.88
Tay0s 2.07
AlLO; 1.77
TiO; 1.9-2.3
Cr,0 2.24
Nb;Os 2.39
MgO 1.74
Iny03-8n0; 1.90
HfO, 2.07
Y;0 1.94
Diamond 242
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,



|

conveni ent nmeans. Preferably, it is carried out so that a refractive index
nodul ation or refractive index gradient is formed. A refract2$ARRIESH06
nodul ation is an 15 oscillatory variation of the index as a function of one
of the spatWelo3/e49807di nat es, 28 APRIL 2006 WO 03/ 040807 PCheRey33304 5
typically the z axis over an orthogonal plane, e.g., the x-y plane.
refractive index gradient is a continuous change in the index simlarly
nmeasured. The nodul ation or 5 gradient may be achi eved by any conveni ent

met hod. For exanple, the nodulation may be forned by the alternating
deposition of two different conpositions, such as a nitride and an oxi de of
the sanme netal. A gradient may be fornmed by the continuous alteration of
the conposition of the |ayer as deposition proceeds, such as by varying the
rati o of oxygen to nitrogen continuously rompure oxide to pure nitride or
by 10 continuously increasing the thickness of the |ayer deposited. The
deposited high refractive index material nust be of a refractive index that
differs fromthat of the substrate by at least 0.1 in the wavel ength range
of about 400 tymcailydhézZﬁﬁ)ovatmn bfthagonal pﬂdma,rb g),nthe Ix@ypiand sAﬁaﬂaoﬁ@etmdhx t he

| ayers must diff 15 fr3n1each Otﬁgé i 4 refractive
e i -t he \ERETRL fih o REAGR CpEe b b I B BRI O e OMStaR PT be
recogni zed Dy ghdRieniay Bk BeHidvied b$ khy &cﬁdeméhtfrﬁbﬂmoda%r bhdplé, e AO&1SRK

correction provided by the degosmed hllgh refractive i ndex naterial wll be

a function of maydedemanddy thy alternating)depgsifigy offaoglifferet comppsitions; suchnes s

measur ed al on r -'

deposited in &&@@g@ a?‘?r"?r‘%eg?ﬂ?ﬁéﬁ g{egafrl ﬁ%ed\{eglrtmhﬁg %@&?%rao‘% I've i ndex
mat eri al usedabeatzonsofitheacoeposition afjhe tayewastdepositiom pmmdn, suahi as dlyivaryingr f or m ng
on the lens s stratfe he surface d 5?%5&%based on, the mater,i al, sel ect ed.

The amount of G ¢ #yﬁ?flttlo\%tmgﬁla‘é m pUIs pxide th PUFC THEAE QERY { hat a

surface wifoh aoﬂtmual@lyeﬁ:&em;gjmmdlmsmoamuiyeﬁdépbsmut 200 microns,
preferably 2 to about 100 microns, is fornmed. Typically, an anmount of from
about 10 to about 100 mcrograns wll be used. The layer preferably is at

its 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.

30



thi nnest at the geonetric center of the |lens substrate. Pref eﬁm&aé
t hi ckness of the |layer at the substrate's center is about O : 6 28

APRI L 2006 WO 03/040807 PCTI US02/ 33204 6 The high refractive index nmateri al
deposi t ed "e@oB/#0807be deposited over the entire |ens subBtT/ES®/33208f ace.

Rat her, it may be deposited over the area of the substrate's surface at
which it is desirable to provide an internedi ate vision zone, a 5 near

vi si on zone, or a conbination thereof. Deposition of the high refractive
index material may be perfornmed on the back (eye side) surface or front
(object side) surface of the |ens substrate, or both. Deposition maybe
carried out by any of a nunber of nmethods_including, without 10 limtation,
sputtering, evaporation, chem cal vapor dgposi tion, atomc |ayer

deposition, cathodic arc deposition, ion beam deposition, and the |like, and
conbi nati ons t her eofhe hiph ffactive eidek nidRérikd depokifsd Hebdifotibe @RYositBd 6Vdrdle | S
deposited using a near . 15 contact mask with a |jne-of-sight deposition

met hod, such aSntiplans sbstigie Birfags, Rather: it srpy bederasitedrvsn fiedstfthons i n whi ch
the mean free i hefo jSLQn W th
anot her speci e%?at?ﬁgm%gg@fhoﬁhsz%egﬂ e? wl?;\'g‘ﬁ{ifglolfu Eeﬁﬁ%ggsg%ilo%’%s peci es
is |arger tlanneangisinmens ooneombfination thiegafsi ti on system deposition occurs
in a straight line process fromthe source of the. deposition 20 to the
substrate being coated. A solid netal mask that is in close proximty, but
got _tough! ng, ht he B&ﬁoﬁiglﬁﬁoﬂ;hﬁlﬁfgﬂiﬁ‘dcﬁ@e ﬁiﬁm&htbllﬁﬂ mtb;erﬂeﬂb?ﬁédﬁuﬁ tgei ng
eposited in the are ocke roma straight line view of the deposition
source. The neRaek (&g siigl a?%%(?@ﬁ%“@é%ﬁﬂﬁk@*%ﬁ%wtbte surf ace
and be fixed %eﬁo@ﬁioﬂﬁﬁ&b%&ﬁwﬂiﬁ?\éﬁ oP& higfter bPRethedSine M@ CRithgipe Preci se
process paraneters wi |l depend upon the 25 material to be deposited. In an
al t er nat i vd0 ndimidationssprisering, ey appeplén, chegricdl yaposdepasitiopyatomid layer| aser -

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



i nduced chem cal vapor deposition. A glass or netal vacuun1c§$q§§hig@ sed
to contaifi the | ens substrate, which chanber has a | aser po

about 75 mmin 30 dianeter so that the beam can be focused to all positions
on the subWOrtanessurf ace. The chanber is filled with an POTgEa3net al | i c
chem cal precursor. Suitable 28 APRIL 2006 WO 03/ 040807 PCT/ US02/ 33204 7
precursors are those capabl e of undergoi ng deconposition by specific |ight
wavel engt hs that are accessible using commercially available | asers. The
interaction of the precursor with the laser results in chem cal
deconposition and deposition of 5 the high index material. The rate of
deposition used is greater than about 10 nmsec. |Illustrative precursors
include, without limtation, CH3l, Sili4, N20, TiC4 and the |I|ike and
combi nat i ons BTE@HERSS arethose rapsble op undergaingdrrampesition by speeifip light oss t he

b . . ) i . jred
substrate surface s%a‘?@x%%@cfe&xﬁ@?s%% S?R%rgﬁgglgtabmabﬁr 1086k e iRl ' ©

geonetry and thicKness. nye ositiron nethod, nmaterial is
sel ectivel y radithepecursorpyithdbeleser résultsimsihemitakdacompesitiproandtdepositivsh dfhi ckness.

A | ayer of .t i gh_inde terl roximatel y uni formi hi ckness is

eposi ted Sn in el et migtertiE, fHelzfls of BRAGSH HRieTh FredlSh b AborR ab BhiseE ™ i t hout
limtation, SHuitiative p@cureorefhiolude,iwithouthaithtivnl CHSI, SERON,OPT i@ HAd they the i ke,
or conbi natigns thereof. .The dePo?ri t(led |.ayer, is %Pen, subjected to i on beam
| aser, or andt¥seénd sorabiggtions theecat-t HAE laser heamdnmavest conipprushipcrashtheni gh i ndex

material by albatdddrfaV R Pati@h b at peddBat grifidesthd §dired eﬁéﬁa@ sk maybe
used. 20 In all of th(a-i-l aboyg-descr?baceggedep?)siti oer$ met hogls,g ep sdlﬁtai on may be

control | ed byhigkdessdback mechani smthat enabl es deposition of a conpl ex
surface ggometry conformng to a polynom al or sum of polynom als each
describing a segnent of the surface and snoot hed over at the boundaries by
means of splines dnyetahbiber depdsitiongnetbed, matesial iSueltetvely emedadhtolprodebani sns

| nolude, W thout. LTI LaL] o B 25 hRhhes! Ales- TPARYSSIRAL Malig @ 11 ber
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. Altematively, 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



focused |ight source with a spot size of |ess than about 1 r rably
about 100 m crons, the deposited |ayer thickness may be m%%@@hﬁately

as deposited. The information is fed back to the deposition systemusing a
proporti oD 03/pt08QJr al deri vative process controller. Al PETARII/3BeMy, the
actual focal length of the entire lens 30 at a given position may be
nmeasured using a focused |ight source and detector, the |ight source spot
size being |l ess than about 1 mm The focal length of the lens nay 28 APRIL
2006 WO 03/040807 PCT/ US02/ 33204 8 be neasured and conpared to the desired
focal length at various positions across the lens. 5 As an alternative
enbodi nent of the invention, the dep05|t§d | ayer may extend over the entire
substrate surface and provide correction for higher order, neaning third
order or above, optical aberrations including, without limtation,

spherical aberration,_ oblique astigmatism and conma. These optical
corrections migmeasused Hidsempargd i the desired fasgl lﬂiﬁhédm%ﬂgﬂmgﬁ?sﬁihe a single
layer. Alterng hvely, nore than one |ayer may deposited and the surface

t opography of the interface between the two layers is adjusted to provide
the surface geonetry required to provide the desired optical aberration
correction. As yet ,anot alternative ti.ve index of th

deposi ted | ayer or Fgg/eresrnatwee é F?teogt}iednvepﬁg?qﬁ%d?ﬂ%\ﬁ g?ﬁ?ydem red
optical 15 abé:sttgrﬁi ¢mﬂﬁ@hﬁﬁgﬁ?m& suﬁ‘kvf&nd pmvaieabhfen@rtbﬁﬁggalmide{t he

i nvention provides 3. od for acturing a.lens, ca e . of correcting
at | east one FF{HRS &‘de’é er °BE‘1?IV%PPHWEP‘?%‘8PF @HQWSWBO‘PJ?‘%?@M ng, of, and
consi sting esﬁﬁ@ﬁéa@%éﬁé%n,%li@r?déh@ﬂaﬁsﬁﬁaﬁécdnihasrheﬁeS;Q{cfalédi're&ioﬂ@ rface of

a lens substrate at | east one | ayer of a surface form ng anount a high

ref racti vel0i nerprovidedpy adjusting éheeriﬂed sag heighteofiaginglelayer. ddfsonatively, mmier

condi tions s | east
one hi gher or &?9%6‘3!,{3 ? égﬁ%rtgéj%dﬁﬁgf@gg%ggﬁéhgg{&?% ﬁ%g@i nent of the
invention, a thetWolyelasyadsted to mou@eﬁssshrfaceegibdmetrymecgﬁredarmowﬁé thet he desired

locations of c{esnecf ti’c:all a teggt%%%oggc on. gs 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



25 near vision zones is used, which preform has higher order t]cal
aberrations that need to be renoved. The surface of the per%nggzr?gSped
to determine the sag values, or X, y, z coordinates, of the surface

rel ati ve twoa3n#Ber ence surface in the x, y plan, choosipeg/usel/sse@ at whi ch
sag neasurenents are nmade about every 0.1 to about 1.0 nm The sag table is
divided into a grid covering the surface, the grid being any 30 of a variety
of geonetrical figures including, without limtation, triangles, rectangles
or squares, and the like, the size of each segnent being no less than 1 mm
and no 28 APRIL 2006 WD 03/ 040807 PCTI US02/ 33204 9 nore than 8 mm For each
segnent, the desired object distance fromthe target object distance 5 is
about 45 cm at the near vision zone and ﬁgout 60 cmat the internediate

vi sion zone. The sag val ues for each segnent is determned for all points in
the segnent that will provide the best spherocylindrical correction for the
desired objecinofd #h@RGAn. at that segnment 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

segnent is determ - . I | ne refractive
i ndex of the high E%%é%%g@%@%@%ﬁ%ﬁ%%@%@gtﬂg’%glgg%gﬁﬂﬁecﬁg%cgg val ues
of the poi st sishabote4s ag acthe hem evipiomzone aed abontilr @l athe intérhrediateofisioei ghbor i ng
segnent in order determ ne the discantinui.ties i.n sag.val ues and sl opes
at the bor de?"é‘eoft'rﬂﬁé%,gn‘_'aé‘éeg E’Eﬁ‘f".’ _fgm?’?fés ‘iﬁﬂ'f’%ﬁdﬁgd&" m ﬁﬁisﬁﬁeqt n each
segnent are alhhewBIprovitié thetbd& splibrscsidrical dorebtfon for BRGlecYiddd ifectlistah@duced to
a value less than that can_be perceived by the human _eye, about 0.1 mcron

or |less, and #itha segment, ard,the spherasplindrical 4ad pEEaticcosrectjer reguireddy théyan t hat

can be perceigdy i: if Rletufdy 4 i ut 0.1

degree or | esl\sé. T%e%ﬂgrf %?tﬂ&* giglﬁtdﬁfger%%\?v%glr face %nﬁgxghﬁgg%ﬁéﬁ%ei‘?g

det er mi ned0i never paiitah each segroent fsHistapwinied autt iccamputaditygeking thte aowtteps of the

&r,lficles f] o ][ 5??@%&%’& ve index or the higppeﬁlaléﬁv%mxﬁatm Yo bd gerpggilte%.n srhggagneeded,
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.



changes in sag val ues occur. Once the sag values of all poin
segnent is known, the |layer of high refractive index mat en%?‘ﬁtsmgzg@smed

to the required 25 thickness. 28 APRIL 2006 10 What is clainmed is:

met hod for manufacturing a progressive addition spectacle |ens, corrprl SI ng
depositing on at |least a portion of a surface of a |l ens substrate at | east
one layer of a surface form ng amunto of an inorganic high refractive index
material, wherein the material is deposited under conditions suitable so
that the Weatésslaimefdésns on the |ens substrate surface a progressive
surface. 2. The nmethod of claim1, wherein the inorganic high refractive
index material is _ de 03|ted on the entire surface of the |lens substrate. 3.

The met hdd of AcMgthedsfor gpamifachyinged pregiessive rdgitionc specigrler ens, sompyigingndex

mat eri al db§osntﬁ$|d%0a& %ﬂstfarglmldm AHUPHE: SFANEASIubstehtdit 1&58%1 ir OF B ¥urfade O2,
Ta205, A1203, Cﬁl Ngﬁ%ﬁ 1 n203- SnQ2, 0, di anond,

di anond- ITPIRENE 3FGRY © n‘i“’c ogganiey bigh TEkestivg in sm?tﬁ'é?l etefih dematerplsisahout 0
t o about dépaited ¥ndes caititiins Quitabl@ gttt the Biaterial fole ofBhdRHs Qfbsehtaistitfabe Wher ein
the deposition is cgrri ed out so that a refractive index nodulation is

forned. 5POATSHECHIY of claim 3, wherein the deposition is carried out so
that a refractive index gradient is fornmed. 6. A progressive addition

spectacl e | en uc b tho of claim o) . .1, A _praogressive

26t on 2specaBE MERNEEEF pish e affeisy ecmaizeRischigh rEfasfive dfdey mBeBl Sy oses ve
addi t i on dspmstediand theleptins spriactiod dek lbr;s subgranet hod of claim4. 9. A progressive
addi tion spectacle | ens produced by the nmethod of claim5. 10. A nethod for

manuf acturi ng a progressive addition spectacle |ens capable of correcting
at | east 3one fihghethodrodielaimdubxa}l vioesin ﬁlbiimrgani@highird‘rawgvdiqdezshtataﬁgl ion at

| east a 0 f t o of a
surface f %?‘%dn?&m It %I%gé c@ﬁs‘?st& o(?f %P[IQ% SE(H,% W@?’aﬁ}zofiegﬁﬁ e?(]?)r%h? )éz?j

wher ei n tN’OeOnab@Q, aInz‘Ds-Snl@pon@:edYnm,ddranmdd|dua1m11$1 -liksuicerabh.e nitGd¢ @neh so t hat

the mat el gl Mafi s WerforSWhdrEIGS i§ 3PRR 0% HoufLLAES td dBBul R dbbul £8FL One

4. The method of claim 3, wherein the deposition is carried out so that a refractive

index modulation is formed.

5. The method of claim 3, wherein the deposition is carried out so that a refractive

index gradient is formed.

6. A progressive addition spectacle lens produced by the method of claim 1, or 2.
7. A progressive addition spectacle lens produced by the method of claim 3.
8. A progressive addition spectacle lens produced by the method of claim 4.
9. A progressive addition spectacle lens produced by the method of claim 5.

10. A method for manufacturing a progressive addition spectacle 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 an
inorganic high refractive index material, wherein the material is deposited under conditions
suitable to form so that the materials forms a surface capable of correcting the at least one

higher order optical aberration.



hi gher order optical aberration. 28 APRIL 2006 11 11. The rretzgo @T@&%‘ m
10, wherein the inorganic high refractive index nmaterial is on

the entire surface of the |l ens substrate. 12. The nethod of claim 10,
wherein the inorganic high refractive index material is deposited on the
entire surface of the lens substrate. 13. The nethod of claim 10, 11, or 12,
wherein the inorganic high refractivellindex nmaterial is selected fromthe
group consisting of Si3N4, Si OxNY, ZrQ2, Ta205, A1203, Ti2, C20 Nb20(p,
MyO, 1n203-Sn02, H @2, Y20, di anond, dianond-Iike carbon, nitride and

conbi nati gns t ereo ein Xi abot 0 to about 2 and y is about O to
about 1.38: 14 a&%wggkwel O deieteity es‘ﬁ%ﬁ‘&&ﬁégh éﬁ#&acbveoa@ewa&ﬁglairﬁe met hod
of cl ai mdeosited ofthelehtirelfurfale S BGIAS Sibsgataddi tion spectacl e | ens produced by
the nethod of claim13. 16. A progressive addition spectacle |ens,

conprising a substrate and at | east one layer of a surface form ng anount
of an inorzganixhehhahod of chirh | 10g whegbaX thaBiherghisit agiatedt MdedimatdrRASd a

portion o ate wherein the inorganic high refractive
i ndex e e@f’?l ber%'égges%ﬁbtsg 0} PYbSEHE 17 The Iens of claim 16, wherein

t he i norganic hi gh refractlve i ndex materlal is deposited on the entire

surface of, th ens of claim.16. or wherein the
Chor aani o oreaRed BT slaith Go, 1ot i aviEn e dtedid Rish! ehheyPriis

consi st ngatenﬁal& SettedSir@dXhé ngnlmonsiEaﬁQBf SiKI2 8B)NTj ZE),, TaX¥s, AMm Bi0,MO,

| N203- Sn |ke rbon itrid

conbi nat i oﬁs%séﬁ&vﬁééngn RiS bo’&?% b%nfong lg(ﬁaca§b°% Al #Y ¢ o
about 1. 3®mbitiofitibereef) svhefeirck &iabodtd) towhentélandtyheabmmﬂgaabmlt ﬂu3@h refractive
index nmaterial forns a refractive index nodul ation. 20. The lens of claim

18, wherein the inorganic high refractive index nmaterial deposition forns a
refracti vid i nderrogressivearddition spectacle lens produced by the method of claim 10, 11 or 12.

15. A progressive addition spectacle lens produced by the method of claim 13.

16. A progressive addition spectacle lens, comprising a substrate and at least one layer
of a surface forming amount of an inorganic high refractive index material deposited on at
least a portion of a surface of the substrate, wherein the inorganic high refractive index

material forms progressive surface.

17.  The lens of claim 16, wherein the inorganic high refractive index material is

deposited on the entire surface of the lens substrate.

18.  The lens of claim 16 or 17, wherein the inorganic high refractive index material is
selected from the group consisting of SizNs SiOxNy, ZrO,, Ta;0s, Al,O3, TiO,, Cr,0,
Nb,Os, MgO, In,03-Sn0O,, HfO,, Y,O, 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.

19.  The lens of claim 18, wherein the inorganic high refractive index material forms a

refractive index modulation.

20. The lens of claim 18, wherein the inorganic high refractive index material

deposition forms a refractive index gradient.





