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REFRACTIVE INDEX GRADIENT LENS

Field of Invention

The present invention relates to optical products such as optical lenses and
semi-finished lens blanks having a ~ontinuous progression of power from the
5 distance focus to the near focus, and more particularly to refractive gradient
progressive multifocal lenses having a reduced amount of unwanied peripheral
astigmatism, and refractive gradient bifocal lenses without a wide blurred blended

area defining the add zone.

Background of the Invention

10 Commercial multifocal lenses come in a variety of materials and are
generally made of plastic or glass. These lenses come in many styles. sizes, and
can be of a lined, blended or progressive design. Of these designs. lined bifocals
have long been used by those requiring near vision correction. The lined bifocal
segment is fused in the case of glass. or molded in the case of plastic. In either

15 case, the bifocal segment line is noticeable and represents the junction of near and
distance optical portions in the lens or a semi finished blank providing the
distance focus and near focus. Bugbee (U.S. Patent No. 1,509.636), Meyrowitz
(U.S. Patent No. 1.445.227).and Culver (U.S. Patent No. 2,053.551)teach fused

_ lined bifocals or multifocals. While lined bifocals have been used successfully for

20 many years, they have several drawbacks. First, they are extremely noticeable and

. thus are not cosmetically appealing; second, the segment line creates a blur when
looking- from far to near objects and vice versa: and third. there is an abrupt
change of focal length when looking from far to near objects and back again. No
optical area is provided with intermediate power (focal length) at all, unless a

25 lined trifocal is used.
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Progressive addition lenses are a type of multifocal lens which incorporate

a progression of power changes from far to near correction. creating a progressive
vision transition from far to near power and back again. Progressive addition

10  lenses represent an attempi to solve the problems discussed above. Although
progressives solve several deficiencies of lined or blended bifocal lenses. they
require other compromises in optical design. which in turn compromise the visual
function of the lens optic. as discussed below. Progressive addition lenses are

invisible, and provide a natural transition of power from far to near foci.

15 Methods of making progressive addition lenses are disclosed. for example,
by Harsigny (U. S. Patent No. 5,488,442), Maitenaz (U. S. Patemt No. 4,253,747),
Maitenaz (U. S. Patent No. 3,687,528). Cretin et al. (U. S. Patent No. 3,785,725).
Maitenaz (U. S. Patent No. 3,910.691). Winthrop (U. S. Patent No. 4,055.379),
Winthrop (U. S. Patent No. 4.056.311).and Winthrop (U. S. Patent No.

20 4,062.629). These lenses. however have certain deficiencies which are inherent in
their design. A first deficiency is that only a relatively narrow reading channel
width of about 3-8 mm. defined as the space between two meridional imaginary
lines characterized by astigmatism of +/-0.50 diopters or more. This reading
channel represents the progressive tramsition of focal lengths from far to near.

25 enabling one to see from far to near in a somewhat nawral manner without
experiencing the abmpi change of power of a lined bifocal. A second deficiency is
that progressive addition lenses can only provide a relatively narrow reading zone
which is about 22 mm wide or less. A third major deficiency is the unwanted
peripheral astigmatism which is created due to the nawre of the progressive

30 . optical design. This unwanted peripheral astigmatism creates significant visual
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Numerous attempts have been made to solve the inherent problems

10  discussed above with lined. blended. trifocais. and progressive multifocals.
However. no other commercially viable options have been found. The ophthalmic
lens design disclosed in Frieder (U.S. Patent No. 4.952.048)and Frieder (U.S.
Patent No. 4,869.588) addresses some of these deficiencies. but tails to provide a
satisfactory solution due to both manufacruring difficulties and poor cosmetic

15 appearance at moderate to higher add powers. Although these patents disclose a
lens with several improved features, in the moderate to higher add powers from
+1.75 w0 +3.00diopters. this lens caused the front (convex) surface defining the
periphery of the near power zone to bulge anteriorly and thus cause a visible
optical distortion on either side of the reading zone. This feature significantly

20  reduced its commercial appeal. Furthermore. difficulties in manufacturing this

lens made the lens less commercially viable.

Maeda (U.S. Patent No. 4.944,584) discloses a refractive gradicnt lens using
a first partially cured substrate layer. A second uncured resin layer is added and
diffusion occurs between these two layers during curing to create a third diffusion

25 layer'having a refractive index gradient which varies continuously between the

refractive indices of the first and second layers. To achieve this diffusion layer,
the assembly containing the second layer is heated at specified temperatures for
20-26 hours. The time required for curing to form the diffusion layer makes this
procedure unattractive from a commercial standpoint. Furthermore, it is known

30  that the process disclosed in Maeda. which includes demolding a partially cured
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power in the add power zone. This added thickness on the anterior surface of the
lens tends to detract from their cosmetic appeal and adds additional weight to the

10 lens. Several solutions to this problem have been proposed.

Blum (U.S. Patent No. 4.873.029) describes the use of a preformed wafer
having desired multifocal segments formed thereon and adding a resin layer of a
different index of refraction onto the surface of the preformed wafer. In this
approach, the preformed wafer is consumed during the molding process so that

15 the pfefonned wafer ultimately forms part of the lens. While this approach

produces a cosmetically improved lens, the process requires hundreds of gaskets
and back convex spherical and toric molds. These molds ultimately make the
concave side of the finished lens. Furthermore, with this approach the bifocal or
multifocal zone is not invisible due to the signiﬁcam refractive mismatch needed

20 and the lack of a transition of refractive indices of various materials.

Various patents disclose refractive gradient bifocal. muitifocal or
progressive lens styles. e.g.,Dasher (U.S. Patent No. 5,223,862). Maeda (U.S.
Patent No. 4,944,584), Yean (U.S. Patent No. 5,258,144), Naujokas (U.S. Patent
No. 3,485,556),Okano (U.S. Patent No. 5.305,028). Young (U.S. Patent No.
25 3,878.866),Hensler (U.S. Patent No. 3.542.535).and Blum (U.S. Patent No.
4.919,850). However, the commercial production of refractive gradient multifocal
ophthalmic lenses to date has not been commercially successfui due to chemistry.

technology, manufacturing and cost limitations.



WD 97/ 42530

PCT/ US97/ 06035 distortions for the user. Manufacturers are
interested in limting the anmount of unwanted astigmatismin order to
enhance the vig 2& formance. and thus i ncrease the

| evel s of their ? erent designs. In practice, all progressive | ens

desi gns represent conprom ses anong having a lens with the 5 w dest

possi bl e channel, the | owest anmount of unwanted astignatism and the

wi dest add power zone._ A fourth major def|C|en()E/3 g fflculty of
RV

properly fittil8gEYrARe2paPatent: A-RP‘E%“&“ prodr peaner difalpses
deficiency is theqhQyy ta%@l'hﬂﬁgle lens having Qrblfdcﬁlt brﬁgasﬁkﬁﬁﬁc %Haoéi‘{?%ebb’ackhese
desi gns. Nunerous attenpts have been. nmade to sol ve the

i nherent probl esrancav sideliof theskont epicslewafer prafome d Sotnecdigelases tcuring @desin and
rogressive nu QIR ons
prog dltn t%.ﬁ g%h'tl% gldﬁ%’féggme}ﬁﬁéx ngesfﬁgﬁ&{ it tf?:Ll %a?é'r%?étﬁxaﬁ’ Q)tn‘:

have been foun esign dISC osed
(U. S. .Pat ent5 Nothe 4a8i62f theSjramdogticale defer (pkbfGm using aan:(me:aNo back convex

4,869. 588) add f th def d
sati sf act Z)?y ;gr?‘s S'Z??Yolgue@g cgtrrﬁ‘g[tsﬁ'r?‘r%w{ﬁ? aﬁ&g:afe’ﬁfﬁa% eﬁ?‘? |rt“'¢5\‘(§)J ’E‘fr‘lgk\’“ o‘gr :

cosnetic 15  afiafficand GEmbdEr @&ehabmdab,{‘uf@hﬁrbaddremm.s. Although t hese
patents disclose a |l ens with several inproved features, in the
noderate to higher add powers from + 1.75 to +3.00 diopters, this

| ens caused the frorh i&e oy the) abavé,l R GLdRdRaBIO 1 B hald1@ progressive multifocal lens

which would allow the end user a wide and natural progression of vision when

10  looking from far to near. being substantially free of unwanted peripheral
astigmatism, having a wide reading zone. requiring a smaller inventory of skus
(stock keeping units) and being relatively forgiving and easy to fit for the patient.
In addition, it would be desirable to have a progressive multifocal lens which has
substantially the same thickness as a single vision lens of equivalent distance

15  prescription. and which cosmetically is almost invisible in appearance. Also, it is
desirable to manufacture sucn optical products in a way that reduces the amount

of processing time.

Summary of Invention

The present invention solves these and other inconveniences of the prior
20  art by providing an optical product such as a composite refractive gradient
progressive multifocal preform, lens or semi-finished lens blank and method of
manufacture which provides for simply, quickly and inexpensively manufacturing a
compbsile refractive gradient progressive multifocal optical preform, lens, or.semi-
finished lens blank. The optical product, such as a lens, comprises a composite of
25 at least three different layers, including a base layer having a region of varying
thickness which can be either depressed or raised. a transition zone and an outer
layer. Each of the layers of the composite are separately applied and are bonded

to an adjacent layer or layers. In addition. each layer has a different and distinct
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present invention is substantially free of unwanted peripheral astigmatism,

incorporates a wide reading zone and is relatively forgiving and easy to fit for the

10 patient. and possesses a cosmetic appearance which is substantially invisible.

In addition. the present invention drastically reduces the number of front
optical preforms that must be inventoried. For example, assuming add powers of
+1.00to +3.00diopters. sphere powers of +4.0to0 -4.0 diopters. cylinder powers
of plano to -2.0 diopters. 3 base curves of the lenses, right and left eyes; and

15 assuming the astigmatic power is added as is disclosed by Soane
(PCT/US93/02470) on the concave side of the front optical preform, then for
each type of material it would be necessary to inventory the following skus:

1. for bifocal lenses - 9,720 different front optical preforms for
astigmatic bifocal correction are required, based on 180 different astigmatic

20 degrees x 3 base curves x 2 eye decentrations x 9 bifocal add powers x 1 material:
and

2. for single vision lenses - 540 different front optical pretorms for
astigmatic correction only are required. based on 180 different astigmatic degrees
x 3 base curves x 1 material.

25 Thus, in the above example Soane would require 2 total of 10,260 front
optical preforms are required, in addition to back-up inventories that may be
required for each sku. In contrast, the present invention requires only 540 skus
and only 3 pairs of molds based on 180 different astigmatic degrees x 3 base
curves x | material. Furthermore. Soane would require that numerous gaskets

30 and molds to be used and would not produce a bifocal or multifocal zone as

. cosmetically invisible as the presemt invention because of the significant refractive
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mul tifocal |enses, these lens styles are also thicker than single vision

| enses of indgx,migiateh ngeded apndeth el of ajtrapstion dayer O 13ysFpu Pt different
provide for addide0f@ kxS power in the add power zone. This added
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di fferent index o,frf)efr,a,tio nto the surface of the preformed wafer. In
this approggﬁ—ﬁ%ﬂg!ﬁgﬁm 1 I i s consumed during the nol ding
process so that 15 the prefornmed wafer ultimately fornms part of the |ens.

VWil e this approach produces a cosnetjcally i r’rproved | ens, the process
requires hundreds ofF'é}as‘kEtascmss section view of an optical preform according to the

S present invention.
FIG. 2 is a cross section view of an optical preform having a transition
layer.
FIG. 3 is a cross section view of an optical preform positioned against a
mold. '
10 FIG. 4 is a cross section view of a mold positioned against an outer layer.
FIG. § is a cross section view of an optical product according to the present
invention.
FIG. 6 is a cross section view of an alternate embodiment of the present

invention.

15  Detailed Description

FIG. ! illustrates a base layer which is an optical preform 10 containing
both spherical and astigmatic prescriptions being made of a material having a
refractive index of 1.49 and having a spherical convex surface with a modified
region 20 which has been modified by mechanical means to form a surface

20  depression which approximately defines the boundaries of the progressive

multifocal zone. The modified region 20 could be made on either the convex or
concave surface. However. in this embodiment the modification is performed on
the convex surface. The astigmatic curves or toric surface 30 is located on the
concave side. For this reason the appropriate toric optical preform is selected and

25 rotated to the appropriate astigmatic axis for the particular prescription needed
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e. (., Dasher (U.S. Patent No. 5,223,862). Mueda (U.S. Pat ent No.
4,944,584), Yean (U.S. Patent No. 5,258, 144), Nauj okas (U.S. Patent No.

3, 485, 556) , Ckaand the).oBricdbamedificaton 5. REHTORB on\tbe fpnf CorBex Rafaat inbe 25
3,878.866), Hensler (U S .Patent No. 3.542 535).and Blu U S ,Patent No.
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5 Although, for purposes of illustration, mechanical modification of the
surface is disclosed, it should be under. tood that any method which would create
the needed alteration to the surface geometry would work. For example, by way
of illustration only, the surface depression can be accomplished by a variety of
methods which include stamping, burning. sculpturing, grinding, ablating, and

10  casting. The method of obtaining the surface depression is somewhat dependent
on the cure condition of the preform. as well as the composition of the preform
material. For example. in order to grind the preform, the preform should

generally be in a fully cured or hardened condition.

The modified region 20 is formed on the optical preform 10 to create a

15 surface depression which will generally define the boundaries of the progressive
multifocal zone. The desired geometry of the depression can be caiculated using
known optical formulas pertaining to refractive index. In gemeral. nd = nd, +
n,d,, where n is the overall refractive index of the optic, d is the thickness of the
optic. n, is the refractive index of the optical preform, d, is the thickness of the

20 optical preform. n. is the refractive index of the added layer and d, is the
thickness of the added layer. The power at any point is determined by the overall
or effective refractive index at that point. which in turn is controlled by the depth
of the cavity or depression at that point from the surface contour (sag depth). and

the refractive index of the cured resin filling the cavity.

25 Depending upon the modification method used as well as the material of
the optical preform, once the modification is performed and the desired surface
topography is achieved, the newly altered surface may be further modified bv
polishing. surface casting, or other methods known in the art to smooth over a

roughened surface. In a preferred embodiment, the mechanically altered surface
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- of allylics, acrylates, methacrylates. stryenics and viylics, such that the glass
transition temperature is between approximately 50°C and 200°C and the
10 refractive index is between approximately 1.44 and 1.56. For example. such
materials may include poly(diethy! bis allyl carbonate), poly-(bisphenol A
carbonate) and poly(styrene)-co-(bisphenol A carbonate diacrylate)-co-(bisphenol

A carbonate dimethacrylate).

Materials for the transition zone may generally include copolymers of
15  allylics. acrylateé. methacrylates, stryenics and viylics. such that the glass transition
temperature is between approximately 50°C and 100°C and the refractive index is
between approximately 1.52and 1.65. For example. such materials may include
poly(poly oxy methylene diacrylate)-co-tethoxylated bis phenol A carbonate

diacrylate)-co-(furfuryl acrylate).

20 The refractive index of the transition layer 40 is purposely formulated to be
mismatched to the refractive indices of the preform 10 and a subsequently applied
outer layer 50, in order to achieve a transition midpoint of the refractive gradient
being achieved. This technique is used in order to render the progressive
multifocal area as invisible as possible. In addition. when the transition layer 40

25  is applied to the preform 10, it can prepare the surface of the preform 10 for good
bonding with the next resin layer to be applied and can significantly smooth out
surface irregularities which might remain and be visible once another resin layer is.

applied.
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di'stinct materials may be used. or the refractive incex of the coating may be formulated to
5  be closer to that of the optical preform or to that of the next resin layer to be
applied, or may not even be needed. As shown in FIG. 6, an alternative
embodiment of the present invention may have at least one additional transition
layer 40. with the transition layers being placed on top of each other after partially
or fully curing each layer. Each transition layer 40 has a different refractive index
10 such that the layers collectively form a transition zone 45 which has an effective
refractive index that is approximately the geometric mean of the optical preform
10 and the outer layer 50. Having a transition zome with an effective refractive
index approximating the geometric mean makes the transition of refractive indices
less abrupt and thus make the finished multifocal zone more invisible, Although'

15 the effective refractive index should approximate the geometric mean. a variation

of +/-.03 units produces acceptable results.

Suitable materials for the outer layer 50 may generally include copolymers
of allylics, acrylates, methacrylates, stryenics and viylics, such that the glass
transition temperature is between approximately 60°C and 225°C and the

20  refractive index is between approximately 1.56 and 1.70. For example. such
materials may include ethoxylated bisphenol A diacrylate. ethoxylated bisphenol A
dimethacrylate, ethoxylated 1,4-dibromo-bisphenol A diacrylate. bis(4-
acryloxyethoxyphenyl)phosphine oxide. 1.4-divinyl benzene. bromostyreﬁe. and

vinylcarbazole.

25 In other embodiments of the present invention, an additional resin layer or
layers may be interposed between the base Jayer and the transition zone. Also.,
additional resin layers can be interposed between transition layers in the transition
zone or between the transition zone and the outer layer or lavers. This additional

layer or layers should have a surface energy that sufficiently matches adjacemt

10
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PCT/ US97/ 06035 refractive index which allows for a progressive

mul tifocal |ens havi ng a wi de and nat ural progression of vision when
| ooki ng from%r fear. Interposed between a base 'aﬁﬁ’ms@?lﬁisoi’é‘
outer layer is a tran5|t|on zone conprised of at |east one ransition

| ayer. The transition zone has an effective refractive index which is 5
i nt ermedi ate between the refractive indices of the base and outer | ayers.

Preferably, the effective refractive jndex pproxi matel y t tric
mean of ey &7 gl s Fstraranebrogiee, s el Biede of ehtint {fife Uriatine
addition, the ligps. of the present invention is substantially free of

unwant ed peripheral astignmatism i ncorporates a wi de readi ng zone and
is relatively forgiving and easy to fit for the 10 pati ent. and possesses

a cosmetic appear angQumplit in e ﬁru&%teanémﬁédxmemnwesc'nmsﬁm la\_rf% 40 is ap?llcd by

addition. the present invention drastically reduces the nu
optical prefor rsushing: thalayehway alserkieoaniplied borthesxtarhmiaues a'sasi)m lﬂgwaduj thower s

g;I I nder +|§0V\grtsa?[ +§°r08?ag{|8%gn§&fmc H‘ggsdl 0 e;céatm?; Eg)s&al é goéy ﬁﬁ%%rs

| enses, right amerd efay beywsed. and 15 assum ng the astigmatic power
added as is disclosed by Soane (PCT/ US93/ 02470) on the concave SI de of

the front optical preform then for each type of material it would be
necessary to invent @nye ihe ihasiicaiaygr 88 dsapplied to the convex $urface dfQhe lpficacal
lenses - 9,720 pgéfgxfrr? rl%nghef tﬁ'a%rs]}tlog plta;ug'a grp?';fg{agﬁ' pamally cured. The curing
process may be performed with any known curing method including a thermal
10 cure. UV cure. visible light cure. or combination thereof. in the absence or
presence of oxygen using the appropriate initiators. atmospheric environment. and
curing source. In the preferred embodiment. the transition layer 40 is partially
cured in an oxygen free nitrogen environment using ultraviolet light within the
range of approximately 250-400 nm. However, use of visible light within the range
15 of about 400-450 nm in an oxygen free nitrogen environment also may be used.
When a UV source is used for curing, the optical product can be rapidly
manufactured since the curing time for a transition layer can be less than five

minutes and generally will not exceed an hour.

As shown in FIGs. 3 and 4, once the modified region 20 is formed in the
20  optical preform 10 to achieve the desired surface topography and the desired
transition zone 45 is applied. the oprical preform with the transition zone 45 is
ready to be provided with an outer layer 50 which is preferably formed by casting
a resin onto the transition zone 45. The outer layer 50 is formulated to have a
refractive index significantly different from the optical preform 10 material. In the
25 preferred embodiment, the resin of the outer convex layer 50 is formulated to
have a refractive index of about 1.66;the optical preform 10 material has a
refractive index of about 1.49; and the refractive index of the transition layer 40 is
a constant of about 1.57. Thus, the 1.66 refractive index convex outer layer 50 is

cast from a resin onto the 1.574 refractive index convex transition layer 40 which

11



astigmatic bifocal correction are required, based on 180 different
astigmatic 20 degrees x 3 base curves x 2 eye decentrations x 9 bifocal

add powers x 1 material: and 2. for single vision

| enses - 540 (i Eﬁﬁnt front optical preforns for astigna

correction on ?L%r required. based on 180 different astignﬁ??%mﬁgﬁﬁges

X 3 base curves x 1 material. 25 Thus, in the above exanpl e Soane
woul d require a total of 10,260 front optical preforns are required,
in addition to back-up inventories that may be required for each sku.

In contrast, theaffixedtnthei hyd@mefrastive dudek rapsical nprefobm0O1&k This is prefesabdy aiohyy 3

pairs of nolds,; . di ff.erent .asti.gmati c degr ees, x 3,base
curves x 1 mat é'??@fgxﬂ%ﬂ’rl%ﬁ%'rnﬁnar Sngle Jigion %’gflﬁfhr@a@i &fewﬁﬁgt’s Wo@sca@'ag‘ﬁet s
30 and nol ds desiredeowsre dorivex! cuputute rato fheosptical preforfrodehavinig thel {radsiioal

zone as Qs ically invisible as.the present in tion pbecause of
the signifi can?ayfgﬁ{"aif gl\ggconvex curvature of tthe op%cﬁ preform Y(? Ps aspherllc::) in design,
6 5 heOappictriate single vision mold selected for SurfaceCasting the outer convex

PCT/ US97/ 06035 A ) . . .
surface will be an aspheric design rather than spherical design. This outer

curvature will control the desired distaiice power achieved. Appropriate
techniques for providing the cast layer are described in Blum (U.S. Patent No.
5,178,800) (“800"), Blum (U.S. Patent No. 5.147,585)(*585", Blum (U.S.

10 Patemt No. 5,219,497) (497", and Blum (U.S. Patent No. 4.873.029) (‘029").
however, using a single vision mold. The contents of these patents are
incorporated herein by reference. Thesc techniques are also commercially

available from Innotech. Inc. by way of its Excalibur® SurfaceCasting® system.

The mold 60 used to cast the outer layer 50 can be made out of any

15 applicable material allowing for proper cure. By way of example only,
electroformed nickel, glass. and plastic disposable molds can be used. Prior to the
curing process, the resin used to cast the outer layer 50 can be dispensed into the
mold 60, dispensed into a cavity 70 between the mold 60 and the preform 10, or
provided in the form of a partially cured polymeric layer included with the mold

20 60 or antached to the optical preforrn 10. In embodiments where the outer layer
50 is produced from a partially cured polymeric layer which is later cured, the
transition layer 40 or layers which produce the refractive index transition zone 45
can be attached to the partially cured polymeric outer layer 50. In this case. the
partially cured polymeric layer and attached refractive index transition layer 40 are

25 then cured and formed onto the optical preform 10. Although the preferred
embodiment does not use a gasket while casting the outer convex curvature onto

the optical preform, in certain embodiments a gasket may be used.

When the transition zone includes a plurality of layers. the refractive index
of each layer is selected so that the transition zone has an effective refractive

30 index that is approximately the geometric mean of the preform and the outer

12



I ndex m smatch needed and the lack of a transition |ayer or |ayers of

di fferent refractive i ndex. Brief Description of the

Dr awi ngs FIG 1 is a cross section view of an optical preform
according to t{porRs39 Pr€SeENt i nvention. FIG 2 iﬁ%ﬁﬂéb"r/%ﬁs
section view of an optical preformhaving a transition ayer .

FIG 3 is a cross section view of an optical preformpositioned against a
nol-d. 10 FIG 4 is a cross section view of a nold positioned

agai nst an outer, | ayey. FIG.5 is a cross sectiaqn, view, of
optical product l%y_é’&o:iéi WY ?foextaﬁlglepf“é%eﬁme pre?omﬁ_ ﬁ?/seﬂt”r'%f?gve ixlex” of about EB&
6 is a cross seGhiQhe YUY IHfer s 2l reAdiivE En@XDECUbIRNT . 70, the hefridtive Siflices of

i nventi on. .

three transition layers in a transition zone may be about 1.54,1.60 and 1.66 as the

layers progress from the preform to the outer layer.

5 The transition zone 45 is comprised of a distinct and separately applied
layer or layers, wherein each layer has a different refractive index and is
formulated so that the transition zone 45 has an effective refractive index which is
intermediate and approximates the geometric mean of the refractive indices of the
optical preform 10 and the outer laycr 50. The refractive index of each transition

10  layer in the transition zone is generally constant throughout the entire laver.

During the cure step, the partially cured transition layer 40 as well as the

SurfaceCast resin outer layer 50 become cured to the desired degree to form a
refractive index gradient progressive multifocal optical lens. or semi-finished
blank. In the case of the preferred embodiments. the refractive index gradiemt

15  varies from about 1.40to 1.66, with different thicknesses of each material being
defined by the geometries of the convex surface topography of the modified
optical preform, the concave spherical and astigmatic surface topography of the
optical preform and the single vision spherical concave mold surface which adds
the desired outer convex curve onto the convex side of the modified and

20 customized optical preform to achieve the desired power. Innotech s
SurfaceCasting commercial product typically applies a surface layer in a manner
so that the distant power of the desired prescription is not substantially changed.
However, in the present invention the outer layer may or may not be confined to
leaving the distant power substantially unchanged. Furthermore. unlike Innotech 's

25 commercial SurfaceCasting technology and the technology of the 800, %85,
029 and 497 patents. the progressive addition multifocal region of the present
invention is not added by way of a multifocal mold but rather is created due to
the altered surface topography of the optical preform 10 as well as the refractive

index gradient which results from casting a spherical or aspheric surface onto an

13



15 Det ai | ed Description FIG 1 illustrates a base | ayer
which is an optical preform 10 contai ni ng bot h spherical and
astigmatic prescriptions being made of a material having a refractive

i ndex of 1. 4gxﬁnﬂ h%\éi ng a spherical convex surface with a nodified

regi on 20 whith’h&%3%een nodified by mechanical neans to foffTASEHsce 20
depressi on which approxi mately defines the boundaries of the progressive
mul ti focal zone. The nodified region 20 could be made on either the convex
or concave surface. However, in this enbodinment the nodification is
performed on altered; purfase rfopographyt whish iy specifisally) altared: e gause differentovarging

surface 30 is ﬂuﬁﬁﬁés?%f% ehjaftiv radiggcave side. For this reason the
nﬁ prefeogm 'S’

appropriate toric optica sel ected and 25 rotated to the
appropriate astigmatic axis for the particul ar prescription needed

Referring to FIG. 5, once the casting process is completed. the composite
refractive gradient progressive multifocal lens 100 is removed from the mold 60.
5  The newly formed composite lens 100 can be post cured in the mold or outside of

the mold by techniques which are well known in the art.

The method of the present invention can be used to make optical preforms,
optical lenses, and optical semi-finished blanks. Resins used to form any and all
layers can be photochromatic if desired. so long as the proper refractive index is

10 achieved for the particular layer. In addition. although the preferred embodiment
has been illustrated by using resins to form the layers. it is understood that the
layers of the compaosite can also be made from a glass or a combination of resin

and glass.

The outer layer of the newiy formed composite lens 100 can be surface
15 treated in any manner used in the optical industry, including applications -of anti-
reflective coatings, scratch resistant coatings, tints, photochromatic coatings and or
photochromatic impregnation techniques. soil resistant coatings, etc. Furthermore,
in-mold transfer of various coatings can also be utilized as part of the fabrication
process as opposed to being applied after the lens or semi-finished blank is -
20  fabricated.

The present invention provides bifocal add powers and the desired
decentration for the right and left eyes, and establishes the correct optical toric
axis. These results are preferably accomplished by modification of the convex
surface of the optical preform. In other embodiments of the invention, the

25 modification to the geometry of the optical preforms can be made by modifying
the concave side of the optical preform in the same or similar manner as the

modification is done to the convex surface. In this case, the optical preform

14



WD 97/ 42530

PCT/ US97/ 06035 and the optical nodification is perforned on the
front convex surface in the correct orientation relative to the
desired astig is. Not only does the nodi fied regi-QRisshochRKe

i nto account e as I'gmatic axi s needed but also at the appropriate
and different decentration | ocation for each of the right and left eyes.

5 .. Al t hough, for purposes of illustration, mechanical nodification
of the surface is dlsclosed it should be under tood that any net hod

whi ch woul d cr efface modification 3ad fasiing| 378 PEFoBREG ONithe canmaYS sie i S ppycal

voul d vork. FOrprepfiPAsCoppBled @ the front shle bf IthSbpdal PRy, the surface
depressi on can ‘be acconplls ed by a variety of 10ds whi ch incl ude
starrp:jng, burning. scul pturing, grinding, ablating, and 10 casting. The
met hod of obt ai ni ng e p - ,..LS 0, n

the cure condition o lt&fﬁﬁl&@ oortﬁ]eq %@E&H t@h@%g%%ggﬁ‘ﬁ@ﬂ%#dm%gm ot
preform ni¢ epiicl préform ecearhel made mthredemaim depth rmhdtdtenprrefandmhgh&ﬂe

f howl d f ul d d d dit .
The ot £1ed r gpavie.t et s miftgsA, Foecrd ol rutting, b Peropr, wrtsld s
surface depr essdummleebdem | Thigeindomd ko adtehbmeniy e Bsprogtaad esutedf curitiure,
progressi ve

...U

but also to add additional confining geometry in the region of the bifocal or
multifocal zone of the finished lens. By using this approach. it is possible to use
materials having a smaller index of refraction differential than the materials used

10  in the preferred embodiment.

15



mul ti focal zone. The desired geonetry of the depress OWNQQQO
usi ng known optical formulas pertaining to ref- actlggg

i arr T T

nferr] is the refractlve i ndex  of thet optical *pre
t hi ckness of the 20 optical prefdtm n[err] is the refractive index of

t he added | ayer and d2 is the t hi ckness of the added | ayer. The power
at any point is determined by the overall or effective refractive

i ndex at thatWhet igtclaimedcls: in turn is controlled by the depth of the
cavity or depression at that point fromthe surface contour (sag depth).
and the refractive index of the cured resin filling the cavity. 25
Dependi ng Wpon t hel.nodi An optidad iprodech) admpsisingas wel | as the material of

the optic pref or ce the, nDd fic tlon .S, performed and the desired
surf ace Y t opdy n]’%fﬁﬂ?y?rshaé{@ﬁlae @H"’ EV%é%eg anfl (A TEBIPN QT ARHRE nay be
further madi fihREndy: pol i shing, surface casting, or other methods
known in the art to snmooth over a roughened surface. In a preferred

enbodi mentd, t he mABh@HETC ARYSF havingractecend: refragtive index different from the first
8 5 refractive index:; and

a transition zone bonded between the base layer and outer layer, the
transition zone including a transition layer covering at least the region of varying

thickness, wherein the transition zone has an effective refractive index which is

o 00 N h

‘intermediate between the refractive indices of the base layer and the outer layer.

2. The optical product of claim 1. wherein the transition zome includes
a plurality of transition layers, each of the transition layers having a different

refractive index which differs from the refractive indices of the base layer and

BOWON e

outer layer.

[y

3. The optical product of claim 1. wherein the effective refractive index
2 of the transition . zone is approximately the geometric mean of the refractive

indices of the base layer and the outer layer.

4, The optical product of claim 2, wherein the effective refractive index
2 of the transition zone is approximately the geometric mean of the refractive

indices of the base laver and the outer layer.

1 5. The optical product of claim 1, wherein a surface depression is on a
convex surface of the base layer and approximately defines a progressive

multifocal zone.

1 6. The optical product of claim 5. wherein the second refractive index
2 of the outer layer is greater than the first refractive index of the base layer.
_\\"'_
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PCT/ US97/ 06035 nechani cal |y abraded t %E’ﬁﬁ@@@%”ﬁﬁhﬂh

S S ot o ¢ SR, o o e BAVERn <] e

I ncl udi ng the no regi on 20 't® formha transition | ayer 40 which
conprises a transition zone 45. In an alternate enbodiment, the transition

| ayer 5 can be applied to only a portion of the preform 10 which

i ncludes at |east the modi fied regi on 20. ] _Suj tabl e
materials fbr the opti calheppptical pradugt ggﬁé’mﬁl yherginy Ugefisomiiaciive, index of  of
allylics, agrylat t | and viylics, such that the

gl ass Qt rgﬁsﬁfé qﬁ%@%)ﬁﬁ\rgl% 2 t"[(a’\r/\k/ese:?l approxi mately 50[err] C and
200[err]C and the 10 refractive index is between approximately 1.44 and

1.56. For exanple, ?UCh The OWCE’PE;FJ&%;?%{:}%%% &Lé}g% B! byl ¥lriv! Bl | V!

car bonat e) , poI y- ( bi'sphen
pol y( st yr enk) - cbthe hiutgrhdmel isapprotimartye chGaorly‘ma.t e) - co- ( bi sphenol A
carbonat e di net hacryl ate). Materials for the transition zone

may generally include copolynmers of 15 allylics. acryl ates,

met hacryl ates, strygni csTrRNgpiichl piddtict SUERInG Baivhdrbi Gk Rt defradtfiet in@k of
tenperature_is between approxi mately 50[err] C and 100[err]C and the
refractive ?ndd% fage layer is approximately’ 1.4

1 : 10.  The optical product of claim 9. wherein the second refractive index

2 of the outer layer is approximately 1.66.

1 11. A composite ophthalmic lens. comprising:

2 an optical preform having a refractive index and a region of varying

3 thickness;

4 an outer layer having a refractive index different from the refractive index

5 of the base layer; and

6 a transition zone bonded between the optical preform and outer layer, the

7 twansition zone including at least one transition layer covering at least the region

8 of varying thickness, wherein each of the at least one transition layer has a

9 different refractive index which differs from the refractive indices of the base layer
10 and the outer layer, the transition zone having an effective refractive index which
11 is intermediate berween the refractive indices of the optical preform and the outer
12 layer.

1 12.  The ophthaimic lens of claim 11, wherein the effective refractive

index of the transition zone is about the geometric mean of the refractive indices

tJ

3 of the optical preform and the outer layer.

1 13.  The ophthalmic lens of claim 12. wherein a surface depression is on
2 a convex surface of the optical preform and approximately defines a progressive

3  multifocal zone.

Thls Sheet Has Been Rep laced 17
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bet ween approximately 1.52 and 1.65. For exanpl e.
I ncl ude poly(poly 0X iacryl ate) -

phenol A carbonate d| acrvl furfuryl Re )N

The refractl Hgﬁ?( m“ ! yer 40 is pur pos pel gt ed to
be m snma 9*1 to thle\“\ s ndi ces of the preforr ]
subsequently applied *oufer | ayer 50, in order to achieve a transition
m-dpoint of the refractive gradi ent bei ng achi eved. This technique is
used in order to render the g{rogres& ve mul tifocal area as invisible
as possibld. In addftiohhe Rl lensaefsqlaimo}d.|vehperin Al pfractives indgplof &kt t o
the preform 1feri jayelRR € r for good
bonding with t eerned;(,t reg(s}|&§&‘I’igﬁgrtﬂ chn@@q?&&a{fgﬁ%B ‘?Ja?sq;%m icantly
snmoot h out surface i rregul arities Whl ch m ght remain and be visible

gnce anot hefr resin lg.ayei'he' %phthalmicaqgrlsl oefd claim 14. wherein the refractive index of the

2 optical preform is approximately 1.44to 1.56.

1 16.  The ophthaimic lens of claim 15, wherein the refractive index of the

9

outer layer is approximately 1.56to0 1.70.

1 17.  The ophthalmic lens of claim 16. wherein the refractive index of the

]

optical preform is approximately 1.49.

1 18.  The ophthalmic lens of claim 17. wherein the refractive index of the

(S8

outer layer is approximately 1.66.

1 19. A method of manufacwuring a composite optical product, comprising
2 the steps of:

3 a) providing a base layer having a refractive index and a surface

4  depression:

5 b) applying a transition zone of resin to at least the surface depression
6 of the base layver, the transition zone having an effective iefractive index different
7  from the refractive indices of the base layer and an outer layer, wherein the

8 ransition zone includes at least one transition layer, wherein each of the at least
9 one transition layer comprises a resin and has a different refractive index which
10 differs from the refractive indices of the base layer and an outer layer. and
11  wherein each of the at least one transition layer is partially cured before

12 application of a subsequent transition layer;
13 c) applying an outer layer of resin to at least the transition zone, the
14  outer layer having a refractive index different from the refractive index of the base
15 layer and the effective refractive index of the transition zone, wherein the effeétive
16 refractive index of the transition zone is intermediatc between the refractive

17 indices of the base Jayer and the outer laver; and

This Sheet Has Beer1 Replac 18
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\Ié\gT?LYJ/Sg/SggHmnl "II" III" "III " |||| Al t hough the ref ract |ve i ndex of the

transition layekr 40 Ms #ornulated to ] mum i nt er nal
reflection fregdagsynterface, other ,5@.:5& ﬁaAtﬂﬁNn LT
surface nodification techniques, or R@gfgurrs de of different
materials may be used, or the refracti ] re—¢oati ng may be
formulated to 5 be closer to that preform or to that of
the next resin |ayer to be,. applied, or may not even be needed

shown in FI'& 6, an9hl teFPFERS e transition emﬁcﬁ"ﬂe%’}/ero'lgy?rhtg pﬁ?(g’é;ﬁn‘t F‘f‘ﬁk}eélnt i on
may have atigl eq,?,hcgqﬁoa&@ tional transition | ayer 40, with the
transition layers being placed on top of each other after partially

or fully curing each |ayer. Each transition |layer 40 has a different
refractive ijndex 10 3¢ Sughe thidiodt BPcllaﬂf{qgswﬁé}{:ineﬁxE'éf@LIYvef fRErdtdve! 88 bf tHen
zone 45 which has an effective refractive index that is apfpl’OXI mat el y
t he geonetri2c rizaasition zoRe ipghout she peantesrienmean of the refsastivé dndieaserf theypese 50.
Having a tr nsi; effective refractive I ndex

appr oxi mat i %g t#e?%&?ﬂeteom& ?@gﬂ makes the transition of refractive indices
| ess abrupt and thus make the finished multifocal zone nore invisible.

Geomot i c ndan, & va at KB mecrod” o ity SB0RHyR Bamp G bR e pE pplne e

resul ts. 2 outer layer toSLkleIsiii‘,d eurvafugs.i al s for the outer |ayer 50 may
general ly include copol yners of allylics, acrylates, nethacryl ates,
stryenics and viylics. such that the gl ass

1 22.  The method of claim 21. wherein the outer layer is a partially cured

e opti cal

2 polymeric layer.

1 23.  The method of claim 19, further comprising the step of partially

(3%

curing the transition zone before applying the outer layer.

24.  The method of claim 21, wherein the transition zone is partially

2 cured using light having a wavelength of approximately 250-450 nm.

1 25.  The method of claim 24, wherein the transition zone is partially

2 cured using ultraviolet light having a wavelength of approximately 250-400 nm.

1 26. The method of claim 24, wherein the transition zone is partially

2 cured using visible light having a wavelength of approximately 400-450 nm.

27.  The method of claim 20, wherein the outer layer is applied to the

2  ransition layer by surface casting.

1 28. The method of claim 20, further comprising the step of applying at

2 least one resin layer between the base layer and the outer layer.

/
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transition t ween approximately 60[err] C and 225[err] C and
the 20 ref”“ﬂ'l ml"mtum" bet ween appr oxi matel y 1.56 and 1.70. For
exanpl e. such' tnatery al*s may include eth bi sphenol A

di acryl at e, ted bi sphenol te, ethoxyl ated

1, 4- di br ono- g?(gp e'Lr’lsgl A diacryl ate, PCTAISSI0G03s
acryl oxyet hoxyphenyl ) phosphi ne oxi

nzene. bronnstyrene.

and vi nyl car bazol e. 25 ot her enbodi nents of the present
i nventi on, n additional resin | ayer or | ayers may be interposed
bet ween t he base Iag r aftcFormpesite, QRlthalmis, lonsy gompyisieg: addi tional resin

layers can pe inter gogpacdd GHhriyean ﬂa'irﬁi'&sd bt ﬁ&lJ&anﬁE)ﬁ o'f'ag;;rt]ﬁn}a egﬂﬁ' 4d a%%}hl <

zone or between the transition zone e outer ers.
addi tional 3 surfagg«eprgssiomyam s cmalsdrtamv@f the shasef iaayer ehb‘smg’;act hiapression

2SL gf ficiently nglehbhaff) Hefifhe a progressive multifocal zone. said optical preform having
5 a spherical power or an astigmatic power or both;

an outer plastic layer having a refractive index of approximately 1.66:and

a transition zone bonded betwern the optical preform and outer layer, the

transition zone including at least one plastic transition layer covering at least the

0 00 NN

surface depression, wherein each of the at least one transition layer has a different
10  refractive index which differs from the refractive indices of the base layer and the
11 outer layer, the transition zone having an effective refractive index which is about
12 the geometric mean of the refractive indices of the optical preform and the outer

13 layer.
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rovi de the desired
Al t hough in

I (e s e o

the preferred enbodi'ment the transiti {nginap@OREOPRENT
br ushi ng, the LRy Sﬁ gy al so be appligd byGRMé'lTEPechm ues rg, éﬂ“

in the art. 'For exanple, such te I'n coating, dip coa |ng,
spr-ay coatl ng or ot hers may be used. Once the
transition layer 40 is applied to theAMENDEDeGLAIMS f ace of the optical
prefor m 10, the 5}&%“%& bﬂhlaa% m%Qlaa;% pgﬁ&&f BRlon Beicbel1byy qo1 8d: o7lhe
curing &NQME 30155 Addedst hod

i ncluding a thermal 10 cur@ma n&%’l@ms%rﬁ:'hbﬁg}éd' {pbhgesyl e, or combination
thereof, in the absence or presence of oxygen using the appropriate

initiators, atnosgheric dayi rDierophthalmiziéhs of claim 18,Uwhierein thOrefracive indextdf ¢he

preferred enbodi ngnt thﬁ érrsan3|tetr| %thlez%gfer

r cured in
an oxygen free mn?r ogen e ment Uusi nbac%letmrdg’fl?@ﬁe‘%plugla%m\'}\ﬁ thin the

range of approxi mately 250 400 nm However, use of visible light within the
range 15  of aboyt 400-430 rvmeoamﬂnm%ﬁgemime me}eim@reﬁe&%{nearm% al so
may be used. When a UV source Is used curing, the optical product
can be rapidly 2 %HM?,‘H}F@H’@‘FW%%‘%QQ ng time for a transition

| ayer can be | ess than five

) '16.  The ophthalmic lens of claim 15, wherein the refractive index of the

2 outer layer is approximately 1.56 to 1.70.

1 17.  The ophthalmic lens of claim 16, wherein the refractive index of the

2 optical preform is approximately 1.49,

1 18.  The ophthalmic lens of claim 17, wherein the refractive index of the

2 outer layer is approximately 1.66.

| 19. A method of manufacturing a composite optical product, comprising
2 the steps of:
3 a) providing a base layer having a refractive index and a surface
4  depression;
5 b) appl);ing a transition zone of resin to at least the surface depression of
6  the base layer, the transition zone having an effective refractive index different from
7  the refractive indices of the base layer and an outer layer, wherein the transition zone
8 includes at least one transition layer, wherein each of the at least one transition layer
9  comprises a resin and has a different refractive index which differs from the
10  refractive indices of the base layer and an outer layer, and wherein each of the at
11" least one transition layer is at least partially cured before application of a subsequent
12 transition layer; |
13 c) applying an outer layer of resin to at least the transition zone, the
14 outer layer having a refractive index different from the refractive index of the base
15 layer and the effective refractive index of the transition zone, wherein the effective
16  refractive index of the transition zone is intermediate between the refractive indices
17 of the base layer and the outer layer; and REPL AQEMEN[ SHERT
21
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Fl Go. eilﬂllﬂllﬂﬂlﬂlnlllﬂlllf m)d|n19|t el T oqroTIs " the 20 optical

preform* 18 t& athieve the desired uﬁf"&z"et’q ;gr":"%y and the desired
transition fhasg S applied, the bt i c&F hth on zone
45 is f‘gggy to be provided wt ~50 whi cﬁtrh%%“é erably
formed by casting a resin onto the transition zone 45. The outer | ayer
50-is forhul at ed 29@ hafv eorpposite ophthgimicclensy eomprilsing:si gni fi cantly di fferent

fromthe pptical orm erial.. ln the 2 referred odi ment, the
resin of ?he out e 85“@@‘85@?“%" regraFPYenﬂ?%:t i&p[a%xlmaﬁely ﬁa*?ear}@afefractlve
i ndex of Zbosirfade Gépressidn of Aldofivdx sRffedendfithel bhsedyer, itid suifade depression! ef racti ve
i ndex of about 1.49; and the refractive index of the transition |ayer 40 is

a constarft otPPESKmRtely dsfininga progressive mugiiforal 2pag, isid optical Prefersm having it er

layer 50 §s phemag erf({rqmagui,ﬁaﬁlcq,og,g;@,w 1.574 refractive index convex
transition | ayer

11 6 an outer plastlc layer having a refractive index of approximately 1.66; and

7 a transition zone bonded between the optical preform and outer layer, the

8 transition zone including at least one plastic transition layer covering at least the

9  surface depression, wherein each of the at least one transition layer has a different
10  refractive index which differs from the refractive indices of the base layer and the
11 outer layer, the transition zone having an effective refractive index which is about
12 the geometric mean of the refractive indices of the optical preform and the outer

13 layer.

1 30. A progressive multifocal optical lens or semi-finished blank comprising an
optical preform having a region of varying thicknesses and at least two layers providing

a refractive index gradient.

31. The optical product of claim 1, wherein a raised region is on a convex

2  surface of the base layer and approximately defines a progressive multifocal zone.

32. The ophthalmic lens of claim 12, wherein a raised region is on a convex

2 surface of the optical preform and approximately defines a progressive multifocal zone.

33. A method of manufacturing a composite optical product, comprising the
steps of:

a) providing a base layer having a refractive index and a surface having a
raised region;

b) applying a transition zone of resin to at least the raised region of the
base layer, the transition zone having an effective refractive index different from the

refractive indices of the base layer and an outer layer, wherein the transition zone

00 ~N O U b W N e

includes at least one transition layer, wherein each of the at least one transition layer
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\Ié\gT?L/SgﬁimHuHI “I“ "Ill " |II i's af fi xed to fli ve index opti cal

pre orm40.¢ Thi sm sspreferably done S-‘NGAiPO)Fm:hPATWa lI e using a single
vi si on spherigalo;gdsgl 60 which is seliect eq;nmtfﬁﬁt th PEPGeoBENzO UL er
convex curvature onto the optical pré At e transition

| ayer 40. |f the convex_curvature of the op tlcal preform10 is asgheric I n

design. 59 (R@PESHASEHN anddasa ﬁ@e@nvegmswe idpawhish differsdramythe seffaclive cast i ng
the outer gon\{ﬁiﬁces of the bast) l&ﬁ? End/n Auté?‘fay@tn aﬁ’tﬁ@ﬁ@élh CadhTiit bt laaktae t han

spheri cal design |s out curvature wll control the desired
di st ance pdwertragsitiprelayer is #\Mﬁlaﬂr eured beforetaenlmlmg subsequand rawsitiey t he
cast Iayer 2ar§ described in Blum (U S. Patent No. 5,178, 800) ("800"),

Bl um (U. S.}2pat®§t No. 5, 147,585) ("585"), Blum (U.S. 10  Patent No.
5. 219, 497)1@" 497"), c)ind ﬁbplymgucﬁxter%}teeoﬁreﬁbtoatlﬁ?ﬁhﬂﬁﬁ)s(tioﬁ%@ﬂq the outer

oot por atldd NSFEPH TP BMIE: Ssdt ot IR TRt i St RO R P o 1

avai l abl e 1Br Ofthd éﬁwﬁmhfradtm indBy of¥BY trfsitioh Zodex GAbrelauhd efective refractive

‘SurfaceCasting[err] syste The npl d_60, used to_ cast the

outer | ayéd® sandex h&e twaﬂtémbmne iintgredipte berwesn therefipctiveindices affthe basg\i ng f or
proper curg. %ey\@mtggoﬁgﬁ%emgnly, el ectrof orned nickel, glass, and
pl astic di sposabl e nol ds can be used. Prior to the curing process, the

resin usedBt o cast d) he ewringthe Hansitios @onsand butetliaygsde peaduees fnished optical npl d
60, di spquedwl%g a cavity 70 between the nold 60 and the preform 10, or
provided in the 1tormof a partially cured polyneric layer included with the
nmol d

34. A composite ophthalmic lens, comprising:
an optical preform having a refractive index of approximately 1.49 and a
raised region on a convex surface of the base layer, the raised region approximately

defining a progressive multifocal zone, said optical preform having a spherical

1

2

3

4

5 power or an astigmatic power or both;

6 an outer plastic layer having a refractive index of approximately 1.66; and

7 a transition zone bonded between the optical preform and outer layer, the

8 transition zone including at least one plastic transition layer covering at least the

9 raised region, wherein each of the at Jeast one transition layer has a different
10  refractive index which differs from the refractive indices of the base layer and the
11 outer layer, the transition zone having an effective refractive index which is about
12 the geometric mean of the refractive indices of the optical preform and the outer

13 layer.

1 ~35. The method of claim 19, wherein said transition layer is provided by

2 brushing, spin coating, dip coating, or spray coating.

REPLACEMENT SHEET]
10 0CT 1997

\.\
- This Sheet Has B

I ™ 0 b

AMENDED SHEET (ARTICLE 19)




20 60 or attached to the optical preform 10. In enbodi nents where the

outer |ayer 50 is produced froma partially cured polyneric |ayer
which is later cured, the transition layer 40 or |ayers which produce
the refractive in% x.transition zone 45 can be attached 5
partially cure&mﬁ’ﬁyﬁéric outer layer 50. In this case. the I’‘[9r’ﬁém}?t'rmtmisaIIy

cured polyneric |ayer and attached refractive index transition |ayer 40 are
25: then cured and forned onto the optical preform 10. Although the

preferred enbodi ment does not use a gasket while casting the outer
convex curvature onto the optical preform in certain enbodinents a
gasket may be used. When t he qupsition zone includes a
plurality of layers. the refractive index of each layer is selected so
that the transition zone g§s an effective refrafive 30 i ndex that is
approxi mately the geonetr mean of the preforn{and t he outer

12 - WO 97/
PCT/ US97/ 06035
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| ayer. By way of exanple only. if the preformhas a refractive index of

about 1.50 and the outer |layer has a refractive index of about
1.70,the refractive indices of three transition layers in a
transition zon about 1.54, 1.60 and 1.66 as the éﬁ?

progress from ﬁr@%rggor mto the outer |ayer. 5 T%e %ﬁgo??l on
zone 45 is conprised of a distinct and separately applied | ayer or

| ayers, wherein each |layer has a different refractive index and is
formul ated so that the transition zone 45 has an effective refractive index

which is i ntermedi ate and approxi mat e A&e geonetric nean of the
refractive indices of the optical preform 10 and the outer |ayer 50.
The refractive index of each transition 10 | ayer in the transition zone
is generally constant throughout t g‘__ Duri ng
the cure step, the partially cured > i —~<4Q_as well as the
SurfaceCast resin outer |ayer 5! e_destxed degree to form
a refractive index gra-' ois or
sem -fini shed & ank. the
refractive index grats ¥ S

di fferent thicknesses N ;n ~. 5 Al onetries
of the convex surface ' 2 : pFOr m e
concave spherical and gt i ¢ surface topography of the .ptlcaij
preform and the singks i%i on spherical concave nold surface whith addyy_

t he desired outer coMveX curve onto the convex side of the nodified and

o
=

50

FIG.5

10

FIG. 4




mﬁﬁiﬁ:ﬁr zed opti cal loref o(rjm to ach| eve the desi rmmrgl'?rﬁcgég ;l’!;
mrer ci al  pr oduglemiyppieatt=r=tpp '~-*v s a ayer in a
a

m nglm t the distant ed pﬁu ion is not

subsfanti &l | ¥ changed. Ho t i nvention the outer
| ayer nmay or nay not be confi ne ‘he di stant power

substantiglly unchgnhge Furt ’ ot ec S.25. mmepgi al -
Sur f aceCast i ng t echnol o e&ﬁﬂﬁ%ﬁ@j:)' FT‘Fé" %d'efrgg%ve index °¥g"?9 and
497 patengs. tBPthﬁH%éfe@ﬁcﬁw anEPSPl ¢ difticR preforie Present

i nvention'is not %ed y way of a multifocal rqu butneather Is created
due to t he al tered surface topography of the optical preform 10 as
well as the refract dex |et h regults fro ast a
spherical lor asphéc s’{}}q%ghagwfcble $,0 cla{t]n l)ehwﬁeregnt ere ract{vertx]n ex O%ng

13
PCT/ US97/ 6038 "w ptétot3s Approximately 1.44 to 1.56.

5
-

16.  The ophthalmic lens of claim 15, wherein the refractive index of the
2 outer layer is approximately 1.56 to 1.70.

17.  The ophthalmic lens of claim 16, wherein the refractive index of the

2  optical preform is approximately 1.49.

18.  The ophthalmic lens of claim 17, wherein the refractive index of the

2 outer layer is approximately 1.66.

1 '19. A method of manufacturing a composite optical product, comprising
2 the steps of: ' |
3 | a) providing a base layer having a refractive index and a surface
4  depression; _
5 b) applying a transition zone of resin to at least the surface depression of
6  the base layer, the transition zone having an effective refractive index different from
7 the refracti.ve indices of the base layer and an outer layer, wherein the transition zone
8 includes at least one transition layer, wherein each of the at least one transition layer
9  comprises a resin and has a different refractive index which differs from the |
10 i'eflfactive indices of the base layer and an outer layer, and wherein each of the at
11  leastone transition liy.er is at least partially cured before application of a subsequent |
12 transition layer;
13 ©) applying an outer layer of resin to at least the transition zone, the
14 outer layer having a refractive index different from the refractive index of the base
15 layer and the effective refractive index of the transition zone, wherein the effective
16 refractive index of the transition zone is intermediate between the refractive indices .
17 of the base layer and the outer layer; and is Sheet Has Been Replaced.
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the casting: prg ’ the ¢
100 is ﬂmgromthe

i ent progressivg
nol d 60. The newly forned == JD can be post cured in the
nol.d or outS|de of the nol d by techni ques which are well known in the
art. 1 29Themmp@51@f0phﬂmltpxcdsmtcommamgt on can be used to make
opti cal preforns, enses, .and optical sem-fi anks.
Resfns used to for FH’QR?“j eéf‘f‘ having a feftactive indpx g aWBfM&Xﬁ&W%“‘*
desired, sp | SittacaucbRRsiBh ORY canibk ok fithelBiseliyet Ot the
parti cul ar I ayer. ebgﬁﬂl tion, ¢ thou %&%he prefeerred gnstﬁ)ﬁgbc?afﬁeisﬂfn as
been illustr aappi'obrynaldyrdgﬁnmglawprogmsiwe multifecalazoae ssaid dbptical prefermmamigtmat

t he ayers of the conposi.te ¢an al so be made froma glass or a

conbi natio%1 O§pl}eg§§lrpowerora§rﬁ§t1§lp§§gpowerorboth The outer |ayer of the

new y forrmed conpo %ﬁ,;_lqﬁ@ ner
used in tﬁ optica ﬁ@!ﬁ“&%&ﬁgf‘“&. %g app |ca%&:egn°sft£ ﬁ;ﬁn‘[ﬁaiefy 1:86; 4hd
reflectiveg coatings traaﬁmah@bne bondetl betweenahe optical prefosin aﬂ@btxmﬂaﬁn;amec
coatings and or phot ochromati c.i npregnati on techni ques. soil

resi st ant &oatrasfition @w inglyding at leastone plastic transitiondayer severing ak least theyus
- coatings can gl p0e %@p&%ﬁl&ﬁ,z\gger@ﬁl &3h of Me 4tl&ast S8L tEREES layer has a different

10  refractive index which differs from the refractive indices of the base layer and the

11  outer layer, the transition zone having an effective refractive index which is about
12  the geometric mean of the refractive indices of the optical preform and the outer
13  layer.

30. A progressive multifocal optical lens or semi-finished blank comprising an
optical preform having a region of varying thicknesses and at least two layers providing

a refractive index gradient.

1 31. The optical product of claim 1, wherein a raised region is on a convex

2  surface of the base layer and approximately defines a progressive multifocal zone.

-32. The ophthalmic lens of claim 12, wherein a raised region is on a convex

2 surface of the optical preform and approximately defines a progressive multifocal zone.

33. A method of manufacturing a composite optical product, comprising the .
 steps of: .
a) providing a base layer having a refractive index and a surface having a
raised region; |
b) applying a transition zone of resin to at least the raised region of the
base layer, the transition zone having an effective refractive index different from the

refractive indices of the base layer and an outer layer, wherein the transition zone

R - NV S T S

includes at least one transition layer, wherein each of the at Ieast one transition layer

» -. : t
This s th ropacery ST 2 \ | ||||

04 pec o0

Nate: . | ' AMENDED SHEET




-~

‘and e§t abl i%hds the correct

process as opposed to bei ng applied after the lens or s —f | shctaﬂ
AR

uﬂmmm&mm desired jsm@;;);{a RITENT flopvfﬂtem%énd | ef t- eyes,
These

pti C@RANWEQ axi s esults are
preferably acconplished by di-fi-eatd +=re! convex surface of the
optical pref Obm?ﬁ&sﬁtrgﬁﬁ ARITRACH dTEBie Rrablive lhaekewmbmanffe%dﬂn%ﬁ%e  refractive
nodi fication to the geonetry of the optical preforns can y

modi-f yi nglO indides of thedaselayércad ah outer laypt,iapd whereid eacinaf mhd ttdeasam or
simlar ti ond|bs done .t 0. the;. vex surface. In

this casel é-a%tlnqr{;layerd? ak ls?sﬁpanla y cured before appllcatlon ofa sugsequent transition

14 yQ. 97/ 42530

PCT/ US97/ 06035 :
13 0 applying an outer layer of resin to at least the transition zone, the outer

14  layer having a refractive index different from the refractive index of the base layer and
15 the effective refractive index of the transition zone, wherein the effective refractive

16 index of the transition zone is intermediate between the refractive indices of the base
17  layer and the outer layer; and

18 d) curing the transition zone and outer layer to produce a finished optical

@ 19  product.

34. A composite ophthalmic lens, comprising:

1
2 an optical preform having a refractive index of approximately 1.49 and a
3  raised region on a convex surface of the base layer, the raised region apprdximately
4  defining a progressive multifocal zone, said optical preform having a spherical |
5 power or an astigmatic power or both;
6 an outer plastic layer having a refractive index of approximately 1.66; and
7 a transition zone bonded between .the optical preform and outer layer, the
o 8 transition zone including at least one plastic transition layer covering at least the
J 9 raised region, wherein each of the at least one transition layer has a different
10  refractive index which differs from the refractive indices of the base layer and the
11 outer layer, the transition zone having an effective refractive index which is about
12 the geometric mean of the refractive indices of the optical preform and the outer
13 layer. |
1 35. The .rhe;tﬁ;)d of claim 19, wherein said transition layer is provided by
2  brushing, spin coating, dip coating, or spray coating. |
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opti cal ed to the front side of the optical preform

Al so, in c MHM“WIIHWE nents, the surface topography nodification of
the optical prefortm #ansbe* nade with a tain depth [3

allgned 5 opposite a bifocal or nmultifocal zone of

appropriate sur urvat r [ dcne to add not only the
appropri ate outgﬁ"gﬁr% ﬁB@tSﬁiﬂgﬁ“‘@%Eg ‘a

R ddi tli opg MﬁRf"b??:l
geonetry in the region of the hillf.ocal mul tll f dcgl zone of

finished lens. By using this approach It is possiblgt
having a smal | ell- i ndéa opticalgirodust, compdisinger ential th n the materials uged

10 in the preferred bganayerm%wng a first refractive index and a regxon of varying thickness;

5 an outer layer having a second refractive index different from the first
refractive index; and
a transition zone comprising at least one layer bonded between the base and
outer layer, each of the layers having a different refractive index and which differs
from the refractive indices of the base layer and the outer layer wherein the
10 refractive index of each of said at least one layer is substantially constant throughout
the layer and the transition zone has an effective refractive index which is
approximately the geometric mean of the refractive indices of the base and outer

layer.
15 2. The optical product of claim 1, wherein a surface depression is ona
" convex surface of the base layer and approximately defines a progressive multifocal
zone.

3. The optical product of claim 2, wherein the second refractive index of
20  the outer layer is greater than the first refractive index of the base layer.

4 The optical product of claim 3, wherein the first refractive index of
the base layer is approximately 1.44 to 1.56. '

25 5. The optical product of claim 4, wherein the second refractive in;‘lex of
the outer layer is approximately 1.56 to 1.70.

6. The optical product of claim 5, wherein the first refractive index of
the base layer is approximately 1.49. '
30
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7. The optical product of claim 6, wherein the second refractive index of
the outer layer is approximately 1.66.

s 8. A composite ophthalmic lens, comprising:
an optical preform having first refractive index and a region of
varying thickness;

an outer layer having a second refractive index different from the
-refractive index of the optical preform; and

10 a transition zone comprising at least one layer bonded between the
optical preform and outer layer covering at least the region of varying thickness,
wherein each of the at least one layer has a different refractive index and which
differs from the refractive indices of the optical preform and the outer layer, the
refractive index of each of the at least one layer being substantially constant
15 throughout the layer and the transition zone having an effective refractive index

approximately the geometric mean of the refractive indices of the optical preform
and the outer layer.

9. The ophthalmic lens of claim 8, wherein a surface depression is on a
20 convex surface of the optical preform and approximately defines a progressive
multifocal zone.

10.  The ophthalmic lens of claim 9, wherein the second refractive index
of the outer layer is greater than the first refractive index of the optical perform.
25
11.  The ophthalmic lens of claim 10, wherein the first refractive index of
the optical perform is approximately 1.44 to 1.56.

12.  The ophthalmic lens of claim 11, wherein the second refractive index
30 of the outer layer is approximately 1.56 to 1.70.
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-10- .- What is clained is: 1. An optlcal

pr odug PLMEMEN[‘ g AGEMENT SHEET
havi nfa first refractive i pdex—and -a rogion. ol varyrmg—thatqKijess: an
out er ond refhm@rmwra-lAQQEEle e first
ret ract ﬂ'ﬂ[" “mm'l I@J tra SI ti OREEDRGEROrrpr' $iln 53%16‘8&&?9 onell ayer
onded '+ betweem t ke base afFg—oorer—ayer—egch havi ng a
d| fferent refractive index and which differs fromthe refracg§ive indices
of the base | ayer and the outer | ayer wher efm the—refraet+wel i ndex of

each of said at lea aye subs ntl con t rou

the layer and the tran t|o ?ﬂ@‘%‘&&?‘&?ﬁ Fi/é% é\‘a@{é‘t écqv%d@%xof
whi ch is approxi nﬁk%ﬁc&l'ﬂ&f&?@ﬁ%ﬁdﬁmﬂem of the refractive indices of
t he base and outer | ayer

s 14.  The ophthalmic lens of claim 13, wherein the second refractive index
of the optical perform is approximately 1.66.

15. A method of manufacturing a composite optical product, comprising
the steps of:

10 a.) providing a base layer having a first refractive index and a surface
depression; -

b.) applying a transition zone comprising at least one resin layer to at
least the surface depression of the base layer, the transition zone having an effective
refractive index that is approximately the geometric mean of the refractive indices of

15 the base layer and the outer layer, wherein each of said at least one layer having a
different refractive index which is substantiaily constant throughout the layer and
which differs from the refractive indices of the base layer and outer layer, and each
of the at least one layer is at least pﬁxtially cured before application of a subsequent
layer; '

20 c.) applying an outer layer of resin to at least the transition zone, the
outer layer having a second refractive index different from the refractive index of the
base layer; and

d.) curing the transition zone and the outer layer to produce a finished
optical product.

25

16.  The method of claim 15 further comprising the step of molding the
outer layer to a desired curvature.

17.  The method of claim 15, wherein the outer layer is a partially cured
30 polymeric layer.
R —
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2 The opti-cal product of
convex surface of the bas
nmul ti Tocal zone. The
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wa ressive
ajm 2, vvherei n e second

ref racty outer layer is_jgreaterftha@g rgfractive

I ndex ” 'ngmﬂ 'MB 4. The optlcal proaluL"t of ¢ a| m 3 erein the
first re kgactl of the base layer is approxi lito 1.56.
5. The optical product of claim4. wherein the qerond refracti\e i ndex of
the outer layer is apgr oXiTg Method oPainP15s, Rurfiikr comprifing thestep bt padtially Oduct
of claim 5. wherein the first refractive | ndex OP % base | ayer I's

appr oxi mat el y 1.cuging the transitibneoop befoed applying the outerdayat m 6. wherein the

second refractive index of the outer layer is approxinately 1.66. 8.
The optical product of claim1l. wherein a raised region s on a convex

surface of the base l@yer Fefmeihbd of claih €5 Ywherélft theeansition 2066 @Sdriidlly cured
mul ti focal zone.

using light having a wavelength of approximately 250-450 nm.

]
T

20.  The method of claim 15, wherein the outer \ayer is apphed to the
transition layer by surface casting.
10
21.  The method of claim 15, further comprising the step of applying at
least one resin layer between the base layer and the outer layer.

22. A composite ophthalmic lens, comprising:

15 an optical preform having a refractive index of approximately 1.49
and a surface depression on a convex surface of the optical preform, the surface
depression approximately defining a progressive multifocal zone, said optical
preform having a spherical power or an astigmatic power of both;

- an outer plastic layer having a refractive index of approximately 1.66;

20 and

a transition zone comprising at least one layer bonded between the
optical preform and outer layer covering at least the surface depression, wherein
each of the at least one layer has a different refractive index which differs from the
refractive indices of the optical preform and the outer layer, said refractive index of

25 eachof'the

at least one layer being substantially constant throughout the layer, and the
transition zone having an effective refractive index which is approximately the
. geometric mean of the refractive indices of the optical preform and the outer layer.

30 23.  Theoptical product of claim I, wherein a raised region is on a convex
surface of the base layer and approximately defines a progressive multifocal zone.

—
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9. Atconposite ophthal mic |ig

EEN
refractive index and a i

an optlcal preforn)'i%aw Eﬁyt

i | atjer
havi ng a second ref, r\am ve bR f i me% g i.ndex of
t he om a transitiopgzone conprjsing at |eastf dqne | ayer
bonde ',m,m m optlcal pref orm and out er| | jay&ré bidRei?p9g |a
| east thetregl an varyi ng thickness. wherein each of t he 4t |l east one
| ayer has a different refractive index and ich differs Trom|the
refractive indices of the optical preform and_the quter |ayert the
retractive index of each of the at |east one |ayer being substantially
const ant t hr oidfhout Theraphthajmic Iamjoﬁqh;mt& arherein 3 misedregion\is agaan

ﬁ

effective refra e_i pdex pr.oxi,ma t he geon an.of the
retractive indi g‘;&'g’&fwﬁ%ﬁ 5@? Bﬁ?’d G 8¥ ’ﬁifﬁl{ ﬁ%ﬁ'}?ﬂfé’ iye 10.
The opht hal msc in@itifocal zéreai M 9. \/\herel n a surface depression is on a convex

-surface of the optical preformand approximately defines a progressive
mul ti focal zone. 11 . The ophthalmc I ens of claim10. wherein the second

refractive index of eo EHI?EQ{E *H?s ?ﬁ':{e iye
I ndex of the optical i%ref%ﬁn&hwgq g*.?ﬁ° e E@ g C %n&?ﬁ.glhg
wherein the firstestepsbfacti ve i ndex of the optical preformis approximtely

1.44 a.) providing a base layer having a first refractive index and a surface
10 having a raised region;

b.) applying a transition zone comprising at least one layer of resin to
at least the raised region of the base layer, the tramsition zone having an effective
refractive index which is the geometric mean of the refractive indices of the base
layer and an outer layer, wherein the each of said at least one layer comprising resin

ts and having a different refractive index which is substantially constant throughout the
layer and which differs from the refractive indices of the base layer and an outer
layer, and each of the at least one layer is at least partially cured before apphcatxon
of a subsequent layer;

c.) applying an outer layer of resin to at least the transition zone the

20 outer layer having a second refractive index different from the refractive index of
the base layer and the effective refractive index of the transition zone; and

d.) curing the transition zone and outer layer to produce a finished

- optical product. '

25 26. A composite ophthalmic lens, comprising:
an optical preform having a refractive index of approximately 1.49
and a raised region on a convex surface of the optical preform, the raised region
approximately defining a progressive multifocal zone, said optical preform having a
spherical power or an astigmatic power of both;
30 an outer plastic layer having a refractive index of approximately 1.66;
and
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)
to-1.56. - . 13. The ophthal
refractive index of the out I
The ophthalmic lens of clai . '
the opti cal ﬁr eformis apptoxi rratel 15 The opht

)

| 24 \
glpglr (r)nxﬁﬁtuml 'ﬂ"lmmnlﬂmﬁa Th(raegg)ﬁfh:ir% l:nldgs I)f 2(%%” et el Insa

rai sed regi on'is"or® a*convex surface of the gptTTar_ prefor mang
approxi mately defines a progressive nultifocal jzone. :
-12- 17. A method of manufacturing a conposite optical product.

conpri sing the stepsaafnsition iorﬁrcempdslﬁgaﬂe&bﬁ&ﬂe“@&fbohded egwéer the dptical
refractive index Q@{]d a surfacc, depression; applying.a trgmtlon

zone conpri si ngPreformeand owerdayeg covering %;’/’&WQ"P"&?&Q n, iwhereig,
depression ofs t BAefiRdfie s has a differedt1efrdcti?e Mdek Ad WHich Gt Word the! f €CL I Ve

refractive index
refractive indices of the optical preform and the outer layer, said refractive index of
each of the at least one layer being substantially constant throughdut the layer, and
the transition zone having an effective refractive index which is approximately the

geometric mean of the refractive indices of the optical preform and the outer layer.
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Sheet Has Been Replaced

il i




subsequent
transit Fom

The et hogrPin lﬂhgk§£F

t he tran5|t1on zon ore applying the outer |ayer.
of cl admadtembayet havng rassicomd rafnactiviesipdexi differented using i ght

f%r@ Y‘?ﬁgﬁ?% {,%@%gl;&@@o 450 nm 22. The nethod of

havi ng a
claim?21

geonetric nean of the refrac-
outer |ayer,. - wherei n

tive indices

2 1 different refractive index &%ﬁlﬁb@%&[‘gﬁ gﬁ%
3gﬂggquyg‘o t the Iayg

6 - and whi chdi-ffers..from-the

Iayer lappl yi ng an outer | a)

A WA
Zonhe.

s of §hd base | ayer and outef |a BPLAGHAENT SHls
=at }l east partially cureg D

oSG he

escBpfeY eps@qut -datpagad a&
Gimigsi n: pogedd Dl togensed

the outer |ayer having anﬁtﬁmﬁg(s)ef;n@cﬁwammm .....
di ffeggent fron1the refractive index of the basgell Ayt angpaged ..d.¢ paged ng.
the tr t}of légﬁgdahd the outer layer to produce a f|n|s optlcal
oSt A opticallprotiidtoct ofystisiawi7 f urt her poampys pawiibe BENBT
nmol di ng, the outer layer tq a desired curvature Hae
wiePass iaetoharingay

~

g

Sfurther conprising the step of par

st gefracyye ndey and adrpgigRef c Iayer

20.
tially curing
21. The net hod

Is partially cured using visible

light hawaigsiio®vebaeoEbneprising at least one layer bonded
between the base and outer laver. each of the layers

having a different refractive index and which differs

from the refractuve indices of the base laver and the

outer layer wherein the refractive index of each of said

at least one layer is substanually constant throughout

the layer and the transition zone has an effective

refracuve index which is approximately the geometric

mean of the refractive indices of the base and outer
layer.

2. The opucal product of claim 1. wherein a surface

depression is on a convex surface of the base layer and

approxumately defines a progressive multifocal zone.

3. The optical product of claim 2. wherein the second

refracive index of the outer layer is greater than the first
refractive index of the base layer.

4. The opucal product of claim 3. wherein the first
refractve index of the base layer is approxamately 1. 44 to
1.56.

5. The opucal product of claim 4. wherein the second
refractive index of the outer layer is approximately 1.56 to
1.70. |

6. The opucal product of claim 5. wherein the first
refractive index of the base layer is approximately 1.49.
7. The optical product of claim 6. wherein the second
- refractive index of the outer layer is approximately 1.66.
8. The opucal product of claim 1. wherein a raised region

is on a convex surface of the base layer and approximately

defines a progressive multifocal zone.

LN L ' |



appr oxi mat el he nmet hod of clai m 17 wher ej SﬁE

out er | ayer H"I“ﬂ mmmm” l"l t he nsition layer b \Vé%ﬁ ET
. The neth ¢l atrm 17.*furth er conprising the ep of appl yi ng at

Ieast one reS|n Iayer bet ween t he base | ayer and the outer |ayer.

25. The

by brushi n;‘ﬂgg, PhoBsite! bguh‘f‘ﬁf‘ﬂ;% fe & %d@gg{,{&n | ayer i s provi ded

I'p coating. or coati ng. 26. A
co][TpOSI t eapbp mau:m rtmmmimnﬁrsawmhmalc prredex mapal i g a
refractive |

n ap oXi ) 1 49 and a surface depression on a
convex ngén E hﬁ"éﬂgl g&‘ICT;?

yym the surface depression

appr oxi maggl Budf 1aves. t@a@mgrae%&t\/ﬁdm'éﬂi?ﬁe' fRaex difRirgpt) cal
pref orm havi ng cal . power a(n Fower of  bot h: an
outer pl ast ite rwixc W‘écrmfa‘bﬁ éhtnﬁﬁklcéﬂ BPRIOSEL. angately 1. 66:
and  a traa@xsmgmbﬁc’ﬂsnec’%w@mqn@ 1O Yné PR PBIREed

between the opucal preform and outer taver covering at
lcast the region of varving thickness. wherein each of
the at least one layer has a different retractive index and
which differs from the retractive indices of the optical
pretorm and the outer laver. the refractive index of each
of the at least one laver beine substantially constant
throughout the laver and the ransition zone having an
cecuve retractive tndex approxinuately the geomerric
mean Of the retractive indices of the optical pretorm
and the outer laver. _

10. The ophthalmic lens of claim 9. whcrcm a surface
depression is on a coavex surface of the optcal preform and
approximately defines a progressive multfocal zoae.

11. The ophthalraic lens of claim 10. wherein the second

refractive index of the outer layer is greater than the first
refractive index of the optical preform

12. The ophthalmic lens of claim 11. wherein the first

refractuve wndex of the opticnl preform is approximately 1.44
to 1.56.

13. The ophthalmic lens of claim 12. wherein the second

refractive index of the outer layer is approximately 1.56 to
1.70.

14. The ophthalmic leas of claim 13. wherein the first

refractive index of the optical preform is approximately
1.49.

15. The ophthalmic lens of claim 14. whercin the second
refracuve index of the outer layer is approxumately 1.66.

16. The ophthalmic lens of claim 9. wherein a raised
region is oo a coaveX surface of the optical preform and
approximately defines a progressive multifocal zooe.
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between the optical preformand outer |ayer covering at | east the
surface depreSS|on wherei n each of th&23

. at | east
different refractive i ndex which differs fromt hepﬁ}?‘gﬁagﬂ?j&q
the optical pRef oAm,ﬁeg-, ofh

¢nHLE 5‘:{0@}/&% %d refractive index of each
f the at t b t FalffRRBRYE 2 APUFLoughout
'(tlhe I :ygr %ﬁ%&l? q(f&%é'ﬁ’-ﬁé] l}%@ &\ﬂ ng anI Zf 2 oughou

fective refractive index
whi ch is appra; ¢ refractlve i ndi ces of
t he opti cal pr)g‘m idﬁn‘ghﬁ Esﬁng'Zter a@ﬁﬁ'ﬁ?{}#r}p

manuf act uring a p‘&‘?@‘éﬁs%ﬁﬁduct conpri si ng the steps of: a.)
provi ding a bs h r and a surface
having a rai sed’ia V?nghﬁ\({)iﬁsﬂx(;[? Eﬁhc &;ﬁﬁf’éﬁg %ﬁcﬁh@nﬁéﬁﬁm sing at

| east one | ayer ‘aY<T ‘afatr15§

aqsa@cptmmmofemcrb@@m .the base
| ayer. the anmwnzmmc fhawm & cfFéapvé efy

I ndex
which is the geaspkhiG t lﬁg éﬁ‘i‘ﬁ? &@1 | nd| ces?%q@cmd@* he base
| ayer and an outer Ia t o,Qf therefragst one | ayer
conpri sing resin4 %Qf ¢ baisef daper amlr&mwmgrn feyeshi ch is
tsEbstantlaI :cy C?W-hCX‘Cm eheht dfhreagdhapt Ilém b@égr 2 pg ﬁP%d ffers fromd
e refrac i ase layer .and .a ou an

each of the at Ikeﬂellfg?l'ﬂﬂ P?@?g.‘l&\}{ ‘ﬂﬂ % Wi‘ar‘ﬁ%@%’aﬂu )’c@lQQd bef or e
appl i cation of aS&¥ 81@[ esghouly the layer and which differs from the

refractive indices of the base layer and outer layer. and

cach of the at least one layer is at least partially cured
before application of a subsequent layer:

C.) applying an outer layer of resin to at least the transition
zone. the outer layer having a second refractive index
different from the refractive index of the base layer: and

d.) curing the trapsition zone and the outer layer to
produce a finished optical product.

18. The method of claim 17 further comprising the step of

molding the outer layer to a desired curvature.

19. The method of claim 18. wherein the outer layer is a
partially cured polymeric layer.

20. The method of claim 17. further comprising the step
of partially curing the transition zone before applying the
outer layer.

21. The method of claim 18. wherein the transition zone
is partially cured using light having a waveleagth of
approximately 250—50 am.

22. The method of claim 21. wherein the transition zone

is partially cured using visible light having a wavelength of
. approximately 400—450 om.

23. The method of claim 17. wherein the outer layer is
applied to the transition layer by surface casting.

24. The method of claim 17. further comprising the step

of applying at least one resin layer between the base layer
and the outer layer. .

25. The method of claim 17. wherein said transition layer
is prov:dcd by brushing. spin coating. dip coating. or spray

coating. - REPLACEMENT SHEET
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c.) applying an outer ‘l.ayer of resin_to at |least the transitio ,
outer layer having a second refractT¥2~i ndex di ffRERLACEMENfgﬁéﬁ
refractive_index of the base |ayer and the effective refractive index of
t he t r ansi 0o\ £OMAPOsHE @phtbg{mm@ lens. comptisingi zone and outer layer to
produce i ical d 28.. A.CcQNpos ht hal mi ¢ | ens.
conpri si ng?ﬂaébglctalp %C?meglrar\rﬁhg\#ﬁs&ém&‘fcr é%‘?ﬁggeosf{i ?‘\ﬁgﬁ&f)‘f' appr oxi -

mately 1.49 ARAUEYr di-d48d ang

au S | brsusihage cdepessssom f @Bedofonverhe opti cal
pr leI _0][ m t Ihe rsairsck rcﬁguwmnéﬁkpmf@m tt‘;i]é %ﬂﬁﬁ@@i&ﬁ)t@éﬂ%{ﬂess' ve
et 'gngtcf‘C ZW%@%{ﬁé‘hnmgp{ Progressive MulufSca 258, POMer °F an
said optical preform having a spherical power or an
astigmatic power of both:
an outer plastic layer having a refractive index of approxi-
mately 1.66: and -

a transition zone comprising at least one layer bouded
between the optical preform and outer layer covering at
least the surface depression. wherein each of the at least
one layer has a different refractive index which differs
from the refractive indices of the optical preform and
the outer layer. said refractive index of each of the at
least ore layer being substantially constant throughout
the layer. and the transiion zone having an effective
refracuve index which is approximately the geometric
mean of the refractive indices of the optical preform
and the outer layer. |

27. A method of manufacturing a composite optical
product. comprising the steps of:

a.) providing a base layer having a first refractive index |
and a surface having a raised region:

b.) applying a transition zoae comprising at least one layer
of resin to at least the raised region of the base layer. the
transition zone having an effective refractive index
which is the geometric mean of the refractive indices of
the base layer and an outer layer. wherein the each of
said at least one layer comprising resin and having a
different refractive index which is substantially coa-
stant throughout the layer and which differs from the
refractive indices of the base layer and an outer layer.
and each of the at least one layer is at least partially
cured before application of a subsequent layer;
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an outer pl astic layer having a refractive index of appr oxi - mat el y_:""
1.66: and a transition zone compiisi ng at | east one |ayer bonded
between the optical preformand outer

| ayer cov a§

surface depressiom—whererneach of the at IeasteRgngang%/er as a
different ref whi ch differs fromthe refractive

i ndi ces of tnmmi’ﬁ“ﬂmﬁiﬂm and the outer layer. said refractive
i ndex of eac = | east one |ayer being substantially constant
t hr ough- out the layer, and the transition zone having an effective
refractive index which is approxi mately the geonetric

refractive indices of the optical

mean of the
preform and the outer |ayer.

c.) applying an outer layer of resin to at least the transition
zone the outer layer baving a second refractive index
different from the refractive index of the base layer and
the effective refractive index of the transition zone: and

d.) curing the transition zone and. outer layer to produce
- a finished optical product.

28. A composite ophthalmic lens. comprising:

an optical preform having a refractive index of approxi-
mately 1.49 and a raised region on a convex surface of
the optdcal preform. the raised region approximately
defining a progressive multifocal zone. said optical

preform having a spherical power or an astigmatic
power of both:

an outer plastic layer having a refractive index of approxi-
‘moately 1.66: and

a transition zone comprising at least one layer bondcd
between the optical preform and outer layer covering at
least the surtface depression. wherein each of the at least
one layer has a different refractive index and which
differs from the refractive indices of the optical preform
and the outer layer. said refractive index of each of the
at least one layer being substantially constant through-
out the layer. and the transition zone having an effective
refractive index which is approximately the geometric

mean of the refractive indices of the optical preform
and the outer layer. |
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An optical product such as an optical lens, or semi-finished
lens blank (10) is provided comprising a composite of at least
three different and separately applied layers (40), each layer
having a different refractive index which allow for a progressive
multifocal lens having a wide and natural progression of vision
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approximates the geometric mean of the refractive indices of the
base and outer layers. This transition zone may include muliiple
transition layers, with each transition layer having a different and
distinct refractive index. The lens is substantially free of unwanted
peripheral astigmatism, incorporates a wide reading zone and is
easy to fit a patient and possesses a cosmetic appearance which is
mostly invisible,




