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Longitudinal | and transverse chromatic aberration is caused by the
displacement of images formed by light of different wavelengths. The magnitude of
the aberration depends on the power of the lens and the physical properties of the
lens material. Persons wearing spectacle lenses made of conventional materials will

20 experience chromatic aberration to varying degrees, especially in the periphery of

their visual fields.

For a refractive single element lens, typical for a spectacle lens, the lens’
transverse chromatic aberration (“TCA”) in diopters depends upon the Abbe
25 number (V), the lens power(®) in diopters, and the gaze height on the lens from the

lens center (y) in millimeters as shown in Equation L

TCA = 0.1 -y-%
@
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tabl e shows the TCA for various |ens powers and Abbe

W 20

0M©3848¢ a gaze height of 15 mm Table 1. TeranEy®mOIE33180

Chromatic Aberration in Diopters Lens Power in

Diopters 1 23456789 10 25 0.06 0.12 0.18 0.24
0.30 0.36 0.42 0.48 0.54 0.60 30 0.05 0.10 0.15 0.20
0.25 0.30 0.35 0.40 0.45 0.50 35 0.04 0.09 0.13 0.17
0.21 0.26 0.30 0.34 0.39 0.43 240 0.04 0.08 0.11 0.15
0.19 0.23 0.26 0.30 0.34 0.38 45 0.03 0.07 0.10 0.13
0.17 0.20 0.23 0.27 0.30 0.33 50 0.03 0.06 0.09 0.12
0.15 0.18 0.21 0.24 0.27 0.30 Q55 0.03 0.05 0.08 0.11
0.14 0.16 0.19 0.22 0.25 0.27 60 0.03 0.05 0.08 0.10
0.13 0. 15 0.18 0.20 0.23 0.25 |l o The TCA becones

problematic to many wearers if it is greater than 0.25
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45| 0.03 O. 07 0.10 043 0.17 020 0.23 0.27 0.30 0.33
50{ 0.03 006 0.09 0.12 0.15 018 021 024 027 0.30
55 0.03 0.05 0.08 011 0.14 0.16 0.19 022 025 0.27
60| 003 005 0.08 010 0.13 015 018 0.20 0.23 0.25

Abbe

The TCA becomes problematic to many wearers if it is greater than 0.25 diopters.

Typical conventional high refractive index materials have Abbe numbers
from 30 to 45, which will cause problems for some wearers. Some low refractive
index materials that are considered low dispersion will have Abbe numbers greater
than 55, which gives acceptable chromatic performance to the vast majority of
wearers. However, high refractive index materials are desirable for spectacle lenses
because they permit production of thinner and lighter weight lenses. Therefore, a
need exists for a high refractive index material for spectacle lens use that can
provide chromatic performance equivalent to low refractive index lenses with large

Abbe numbers.



WO 2004/ 038489 PCT/ US2003/033180 3 Brief Description
of the Drawings Figure 1 is a graphical representation
wobootioss4deal refractive and diffractive 5 poneTr/5S1008/033180
m ni mum chromati c aberration. Figure 2 is a graphical
representation of the range of diffractive powers that

wll give at |least a 50% reduction in chromatic
aberration for spherical |lens powers from-9 to 9

di opters. 10 Figure 3 depicts & cross-section through
the lens of the RVS spot size produced by a
conventional refractive single vision |ens anal yzed
fromthe perspective of the eye. 15 Figure 4 depicts

across-section throggpﬁﬁgﬁyhga§opﬁwqﬁ§wﬂkg spot size

produced by a lens o vention analyzed fromthe
per specFiguee bis 4 greplay reprédegtation 51 ihe ideal rofsartive end didfractive

t hrough a conventional.lens at various verti cal
5pORPVFIS QT HILPHE Ckﬁ?énaélﬁ CLRIN 20 Figure 6 is a
cross-section through a I ens of the invention at

various vertical positions of the RVS5 spot size. -

Fi gur e Figuse 2iscr graphisad ctpresentation of theaasgmededifiiastise powers that

l ens_al vari ous rtical . 25 positions.shew ng .

unWaherd aéiﬂaﬁtﬁoﬁé’\.yi’efe»‘;‘?@ftﬂne‘nggf"gnaa‘°carb8‘§§‘-1§neg‘{ri%ﬁe‘%%lr Sy powers

a- kBhs-Plo J Bigplerrvent i on at various horizontal

positions show ng unwanted cylinder. 30 WD 2004/ 038489
10PCT/ US2003/ 033180 4

Figure 3 depicts a cross-section through the lens of the RMS spot size
produced by a conventional refractive single vision lens analyzed from the

perspective of the eye.

15 Figure 4 depicts a cross-section through the lens of the RMS spot size

produced by a lens of the invention analyzed from the perspective of the eye.

Figure 5 is a cross-section through a conventional lens at various vertical
positions of the RMS spot size.
20

Figure 6 is a cross-section through a lens of the invention at various vertical

positions of the RMS spot size.

Figure 7 is a cross-section through a conventional lens at various vertical

25 positions showing unwanted cylinder.

Figure 8 is a cross-section through a lens of the invention at various

horizontal positions showing unwanted cylinder.
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Description of the Invention and its Preferred

Enbodi nents The present invention provides single
woe@uoss4and nul tifocal |enses, as well as netPOOES1005/033180

their production, in which both diffractive and

refractive elenents are 5 used. This conposite |ens

reduces, by about 10 to 100 % transverse chromatic

aberration enabling provision of a high refractive

i ndex |lens that has an effectivé Abbe nunber of about

50 to 120. By conbining refractive and diffractive
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I tat
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be idﬂacmbaemltﬁamghbﬁabb@ﬁmbeﬁ hroughout the | ens,
the | ocal spherical power at the optical center, or
19he | ocal spherocylindrical 20 power at the optical

center. ﬁ et[n%t ﬁﬁﬁérﬁ Yhs kv fehﬁ%x emﬁvfcfég aﬁgé]%ﬂ%lh’rhc lerﬁ comprising,

recogni ze e value o dep upon t

sphesrsiahg peesiallyefesidednsisthg ol sgiescaledweedgla diffractive element
correction of TCA. For a nultifocal lens, C may be the :
s phearirisingo# firss prtheriea yomea Mocad agsfiestivate et spIPESINg a second

center or fittin the .po t the.c 0

e ORI DR PR et Bhe G B oY ; SO POIRY IepS gmeant alens
yar yifagelth EQH&H@ Qiéhaltaiaﬁltj@ ch'hﬁiuhg" vathowhiigitaG@s sectdc¥ bontact,
vary throughout the | ens. diffracti ve el ement nay

be mtrgosary ad:lh)eleBS@detthﬁhkﬁ ud| ng, W thout
limtation, a diffractive grating, a hologram a
ki nof orm and the |ike. The power provided by the

di f fractrye $haeeRionTBYs, BEmBRY Bk e R cfiige BEREdaV FoweBfoughout
the lens, the local spherical power at the optical center, or the local spherocylindrical
20 power at the optical center. One ordinarily skilled in the art will recognize that the
value of ®p will depend upon the spherical power selected and the desired level of
correction of TCA. For a multifocal lens, @ may be the spherical or
spherocylindrical power at the optical center or fitting, the power at the center of the
near vision region of the lens, or the local power varying throughout the optic in

25  which case ®p will vary throughout the lens.

The diffractive element may be any suitable element including, without
limitation, a diffractive grating, a hologram, a kinoform, and the like. The power
provided by the diffractive element may be positive or negative power.

30
The ideal TCA correction may be achieved by requiring that:



30 The ideal TCA correction may be achi eved by
requi ring that: WD 2004/038489 PCT/ US2003/033180 5 R

WG 200088489 (11) VR VD 5 wherein VR is the AbbRCTURIDES/033180

of the lens material and VD is the effective Abbe
nunber of the diffractive elenent of the |ens.
Typically, the lens material Abbe nunber will be
about 30 to about 60. 10 The Abbe nunber of the
diffractive el ement may be deffned as: Xmd VD= X
short- X long (I1l) 15 where 2m d is the wavel ength of
the m dpoint of the range of interest. For visible
systens a value of 587 nmis typically used. The short
wavel engt h of the range of interest is Xshort and for
vi sible systens a value of 486 nmis typically used.
The long wavel ength ofigthegrange of interest is Xl o"
g. For visible systens E#ﬁ%i?n'F typicall%fﬂsed.
Usi ng these wavel engthl!val ueg! VD is -3.45. 20 The
diffractive power required for the I ens may be

Sobt ai ned by solving Equation IV resulting in: 25 ¢cD =

10

15

20

25

( @Drein 79 the Abbe number of the lens material and Vp, is the effective Abbe
number of the diffractive element of the lens. Typically, the lens material Abbe

number will be about 30 to about 60.

The Abbe number of the diffractive element may be defined as:

Amid

Vp=
Ashort = Mong (1)

where Amig is the wavelength of the midpoint of the range of interest. For visible
systems a value of 587 nm is typically used. The short wavelength of the range of
interest is Asnor; and for visible systems a value of 486 nm is typically used. The
long wavelength of the range of interest is Ajong. For visible systems 656 nm is

typically used. Using these wavelength values, Vp is —3.45.

The diffractive power required for the lens may be obtained by solving

Equation IV resulting in:

¢, = (1Iv)



WD 2004/ 038489 PCT/ US2003/033180 6 Preferably, the

diffractive el enent adds about 0.10 to about 1.50
waole@piss489 of spherical power. 5 The diffractiR€T/US2003/033180

el enent may cover substantially the entire, or a

portion of, the back, or concave surface, front, or

convex surface, or a surface internediate the front

or back surface of the lens. The diffractive el ement

may be of any shape including,®wthout linitation,

annular circular, elliptical, and the |iKke.
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Sg?ﬁgﬂlé‘al w,@blllty In the enbodi nent in which the
diffractive element is internediate to the front and

back surfaces, the change in refractive index across
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For tEea By e il p Bl PeSaR o f B Bl R S0 2 s e
aboyicréh.t o about 2cID. If the value is

15 ,
Figure 1 is a graph depicting the preferred combination of refractive
and diffractive spherical power for total lens powers of polycarbonate lenses of from
~9.00 to +9.00 diopters assuming that Vg is 30. One of ordinary skill in the art will
realize that for materials with a larger Vg, less diffractive power will be required. A
20 reduction in chromatic aberration may be realized with diffractive powers meeting

the following criteria:

>|®,]|>0 V)

25 In this equation, ®p is defined as the optimum value of the diffractive power for a
refractive power @r and its value may be from about 0 to about 2®p. If the value is
0, there is no correction of chromatic aberration. If the value is 2®p, then the

chromatic aberration if equal to that of the lens but in the opposite direction.



0,

there is no correction of chromatic aberration. |f

the value is 2tD, then the chromatic aberration if
w@walo3g48s t hat of the lens but in the oppositePCT/US2003/033180

direction. WD 2004/ 038489 PCT/ US2003/ 033180 7

Preferably however, the diffractive power is limted

to

51.9 ( > (DDl > 0.110D (VI) VD More

preferably, the diffractive power is limted to: 10
1.5 (D>I1(DD1I > .51(DDI (MT) 1- e VD Figure 2
depicts the (DD using Equation Il and plotted al ong
the positive and 15 negative tolerance limts as
given by the Equation VII1. If the diffractive power is

WL N bRGThbS oRiOE diSrabiiveFtNak i Omited o L hen the

transverse c

mati1 c aberration is reduced by at

| east 50 % ‘Although it nmay be desirable for optinum
TCA correction to fequire the diffractive power to
satisfy Equation I I the rel axed constraint provided

by Equation VI a qj‘rg(b per f nce to be
320 i mproved to be um Iz‘nt”rr% getter?\?ﬁgn t hat
provided for with | pwjndex, high Abbe nunber gl asses
wi t hout requiring a' uni®jue d| ffractive el enent for
every spherical power. Equation V nmay be cast in an
alternate formso that the diffractive power is 25
defined in ternms of the maxi mum allowable TCA In this
f ofBre f»&ferhlﬂw the afrasPRejoweals lpoker ®: t hat i nherent |y
have small| anpbunts of transverse chromatic WO

2004/ 038489 PCT/ US2003/ 033180 8
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Figure 2 depicts the ®p using Equation II and plotted along the positive and
negative tolerance limits as given by the Equation VII. If the diffractive power is
within the limits provided by Equation VII, then the transverse chromatic aberration
is reduced by at least 50 %. Although it may be desirable for optimum TCA
correction to require the diffractive power to satisfy Equation II, the relaxed
constraint provided by Equation VII allows the chromatic performance to be
improved to be equivalent to or better than that provided for with low index, high

Abbe number glasses without requiring a unique diffractive element for every

spherical power.

Equation V may be cast in an alternate form so that the diffractive power is
defined in terms of the maximum allowable TCA. In this form, for low lens

spherical powers that inherently have small amounts of transverse chromatic



aberration, the solution allows for only refractive
power. In this form the constraint on the
walkdokozsaBe ve power is: 5 (_TCA) VR - (TCAVR VEET/0SZ0$033180
>(DD>VD 0.1Y- VR- VDVRVWVD (MIl) The |Ienses
of the invention may be fabricated by any conveni ent
means and constructed of any known material suitable
for production of ophthalmc |lenses. 1o Suitable
materi als include, wthout |in&ation, polycarbonate,
allyl diglycol, polynethacrylate, and the |ike. Such
materials are either cormercially avail able or
net hods for their production are known. Further, the

l e@%@ﬁat%}’th@%olﬂﬁ%j HE&Hs B onBMefaaiiegioiietnal thh@fbirm the constraint
fabrication technique including, wthout linitation

gr |onndh¢1§11ffraamgpewmelﬁs casting, nolding, thernoform ng,
| am nati ng, surface casting, or 15 conbi nations
% her eof . Casting may be carried out by any nmeans, but

prefgrab ¥TC§. perf rfred by surffagea castiny including,
wi t hput as di scl ose ‘()i‘n"t‘)ﬁitéléi St ates
Pat eny; <9 H/8 30— ;

5, 31 J7’0.2 *5 3585672, | *5, 480, 600, BRr51¥p371, (VIID)
5,531, 940, 5, 702 819,” and 5, 793, 465 i ncor por at ed
herein in their entireties by reference. 20 The

diffractive el ement may be provided through a nol ding
pr ocess Thsilenges ofphe Bpientionmay b émaﬁébmgym@vemem means and

%lé' [ ed f ftan;fﬁﬁdxyﬁ mea Q&l&blﬁd?é&oﬁgéa{t)@eéf;}?}lﬂ%mc lenses.

I on |nserts

10 nJS%@tbbl@ mﬂnammﬁdasmdmuﬂmﬂtangn qblycp)ﬂb@ﬂhﬁepald)gitdigigbol
met al castin

P ORI Eecandghe B CSH P Ruia s et ppgercially available or
o, LISy pe ol i e S s Bty
C Oalhg' domviehtioral &b fatiylcation tetchmigue fngtuding, without limitation grinding,
whole lens casting, molding, thermoforming, laminating, surface casting, or
15 combinations thereof. Casting may be carried out by any means, but preferably is
performed by surface casting including, without limitation, as disclosed in United
States Patent Nos. 5,147,585, 5,178,800, 5,219,497, 5,316,702, 5,358,672,
5,480,600, 5,512,371, 5,531,940, 5,702,819, and 5,793,465 incorporated herein in
their entireties by reference.
20
The diffractive element may be provided through a molding process using
optical tools incorporating the required diffractive elements. Such tools include,
~ without limitation, metal inserts suitable for injection or compression molding of
plastic optical parts, glass or metal molds for casting of optical parts, snd metal or
25  ceramic stamping tools. Alternatively, the diffractive element may be provided by
diamond turning. The finished element may be coated with a suitable coating that
conforms to the element and preserves the function of the diffractive element.
Alternatively, a non-conforming coating may be used to effectively bury the

diffractive element under the coating. In this embodiment, the width and depth of



confornms to the elenent and preserves the function of
the diffractive elenent. Alternatively, a

W@ 004088380r m ng coating may be used to effectiRPEl/YSvos/g33180
the diffractive el ement under the coating. In this
enbodi nent, the width and depth of WD 2004/ 038489
PCT/ US2003/ 033180 9 the individual grating el enents
will have to take into account the difference on
refractive i ndex between the cdating and the
substrate. Suitable coatings are commercially
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provided on a made-to-order basis. In one nethod for
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that the fixture is al |81§ed with an _optical reference
poisme,cteéuaheé@nt sistagp of thgisermisfinished Erlﬁéﬁmatycmfewomdﬁqwth any
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| ol 15 e R PGRe e B RO aPorer o P i addition
Y. oNHe back surface that includes the diffractive element. Preferably, machining is
20 carried out by a single point diamond tool mounted on a computer controlled, two
axis, linear drive. The surface to be machined may be described by any convenient
method including, without limitation, by describing the surface in terms of x, y, and
z coordinates or by a set of polynomials each with a set of coefficients and boundary
conditions. The machined surface may subsequently be coated with any desired

25 coating.

Although the invention may find particular utility in the design of spectacle
lenses, the refractive and diffractive elements may be applied to any type of lens for
correction of visual acuity such as a spectacle lens, a contact lens, or an intraocular

30 lens, and the like. The invention will be clarified further by a consideration of the

following, non-limiting examples.



z coordinates or by a set of polynomals each with a
set of coefficients and boundary conditions. The

wor@hiossad sur f ace may subsequently be coated we€TUS2993/033180
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desired 25 coating. Al though the invention may find
particular utility in the design of spectacle |Ienses,
the refractive and diffractive el enents maybe appli ed
to any type of lens for correction of visual acuity
such as a spectacle lens, a cadtact |ens, or an
intraocular 30 lens, and the |ike. The invention wll
be clarified further by a cgnsideration of the

foll owing, non-liniting exa €S WD 2004/ 038489
PCT/ US2003/ 033180 10 ExanmpkgspExanple 1 A single
vision lens with -4.00 dloptergjof spherical power is

made fr ansidgleabipadensovidt e4.00 divpéers sbiphencatipowenis Rede from
' a.convent.i onal
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t hemt amhbacklraimas csz79amn1 Sheredisois ahalyzaddryteommsing|the BYIS spot
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10,740, degf tﬁ@fenéln@*hé RMS“&W% sizB iFtamtgedor it bhgles froie—40 to

elenent with a power. -0.37 diopters is placed on
the4(bdc$¢eswdm:slwwnlsﬁrgln@é of the lens. To maintain
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9 measu);ed by the decrgase in spot 51dze from appro%ma%ely 0.004 mm to

0.001 mm. This is due primarily to an improvement in the axial, or longitudinal,
aberration. The improvement in image quality is more pronounced for off-axis
angles of incidence. For example, at x = 0, y = -20 degrees the RMS spot size is

0.017 mm for the conventional refractive lens, but 0.003 mm for the lens with the

diffractive element.

Example 2
A polycarbonate, non-toric, progressive addition lens is provided with a

distance power of —4.00 diopters and an add power of 1.30 dippters. In Figure 5 is
depicted the RMS spot size for the lens. In Fig. 4 is depicted the unwanted
astigmatism in the lens. In both of these figures is shown cross-sectional analysis
through horizontal cuts through the lens at various angles. The 10-degree cross-
section is a horizontal cut through the far vision region of the lens. In this particular
lens, the near vision region is at —40 degrees. A series of cuts is made from the far

vision region through the intermediate vision region and to the near vision region.
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Table 2 shows the front refractive, back refractive, and diffractive powers for

a family of designs for single vision lenses made from polycarbonate that will

20 provide improved chromatic performance because of the diffractive power provided
on five of six unique front curves (9, 8, 6,4, 2, and 1 Diopters). For each sphere
power there is a unique back curve. The transverse chromatic aberration at a height
of 15 mm on the lens is also shown. The diffractive power was chosen for each of
the six unique front curves to give the minimum TCA over the range of sphere

25 powers covered by that case. For the case with a 4 diopter front surface refractive

power, the diffractive power chosen was 0 diopters bec~use this still satisfied the

constraint given by Equation VIL

30



lens is the sumof the refractive power of the front
surface plus the refractive power 15 of the back

W@ oftassaspl us the diffractive power of the di fPCHUB2008033180
el enment, whether it is applied to the front, back, or
to an internedi ate surface. Table 2 shows the front
refractive, back refractive, and diffractive powers
for a famly of designs for single vision | enses nade
from pol ycarbonate that will 22 provide inproved
chromatic performance because of the diffractive power
provided on five of six unique front curves (9, 8, 6,
4, 2, and 1 Diopters). For each sphere power there is
a uni que back curve. The tragayl hse chromatic
aberration at a height of 15 mMmon the lens is also
shpwn.” The di T IFfan€t | ve power Baels chosen flor each of
t hp sipotdini quReffacihmet DiftactivesRefeactiieve TCR i ni mum TCA
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refractvve pows, the.&fi ffra28dve poidsr |chosen was 0
di ppters becpt, .&e thiGssstil |-268t i sf0iG28 t|he
copstrabnt giver8 by Edqusfion -¥68. 360.080 3004/ 038489
PQr/ UsS2603/ 033180 12 0Rdl e 22.3Fr ont0-G88cKH Tot al
RefractBve Diffréacti ved.3%efracBile TOR8pHere Power
Pojer P2wer Powef 8 9 @3B0 - 1489 0.62%2 4 9 0.80 -2.80
-0{ 026 16 8 0.58 -2.58.00 026 -2858 0.941¥4-3.58 -0.026 4
6 P.32 02.32 0.0652 3 ®®. 32 -39532 @:0880

A 4 0.00 4.9 -0.049
-2 4 0.00 -5. 95 -0.101
-3 2 -0.43 457  0.052
4 2 -0.43 557  0.000
5 2 -0.43 657  -0.052
-6 1 -0.74 -6.26 0.052
7 1 -0.74 726  0.000
-8 1 -0.74 826  -0.052




26 0.32 -4.32 -0.052 1 40.00-2.950.054 04 0.00
-3.95 0.003 -140.00 -4.95 -0.049 -2 4 0.00 -5.95
WO 0002038489 3 2 -0.43 -4.57 0.052 -4 2 -0.43 -5r60uUS2000033180
-5 2-0.43 -6.57 -0.052 -6 1-0.74 -6.26 0.052 -7 1
-0.74 -7.26 0.000 -81 -0.74 -8.26 -0.052 5 WO
2004/ 038489 PCT/ US2003/ 033180 13 Wiat is clainmed is:
5 1. An ophthalmc lens, conprising a spherical power
(D, a diffractive element conptising a first
spherical power TD and a refractive el enment conprising
a second spherical power (DR wherein 1 =1tD + (.DR
2. The lens of claim1, wherein the diffractive
el enBiilis sRMEd 8es a material 10 having an Abbe nunber
of about 30 to about 60, wherein: (DR +(DD =0 VR VD
and wherein VR is the Abbe nunber of the |ens rmteri al
Sel gn:s/rtl)t ! Aesﬁ 8‘? efﬂFIg% In\s/%gﬁ“]%nsq;ﬁ g%EE ca f \tvhre CDd!a %gtgvlev?ement
Wh??ﬁ‘ugﬁm %ea isf %Bgl@ﬁ%l BEwel BIBA 2 ?éﬂﬂ%ﬁ'vg, %fen?ent compnsing a second
diffractive power o
spherical power @, wherein ® = @p + Drg.

2. The lens of claim 1, wherein the diffractive element comprises a material
10 having an Abbe number of about 30 to about 60, wherein:

P Op
VR VD

=0

and wherein Vg is the Abbe number of the lens matenial and Vyp is an effective Abbe

number of the diffractive element of the lens.

15 3. The lens of claim 1, wherein the diffractive element comprises a diffractive
power of:
2 CDV |®,|>0
1—2&
VD
20
4. The lens of claim 1, wherein the diffractive element comprises a diffractive
power of:

25



2 (D> (DDI>0 1- RVD 20 4. The lens of claim1,
wherein the diffractive el enent conprises a

walkdoft03s389 ve power of 25 WO 2004/ 038489 PCT/US2003/033180
PCT/ US2003/ 033180 14 1.5 (R >I0D >.51(DDI 1- VD 5
5. The lens of claim1, wherein the diffractive power
of the diffractive elenent conprises: -TCA TCA VR -
VR- V0.1ly >D>V 0.1y DVR- VDD VR - VD 10 6.
The lens of claim1, 2, 3, 4 oi#¥ 5, wherein the
diffractive el ement conprises substantially the
entire back surface of the lens. 7. The lens of claim
1, 2, 3, 4 or 5 wherein the diffractive el enent
conprises substantially thejentire front surface of
the lens. 15 8. The leng of ¢laiml1, 2, 3, 4 or 5,
wherein the diffractiveseﬂg g&bg f(bs s a surface

r

intermediate a front and, alhac

c8' of the |ens.

9. The lens of claim§6, hﬁ@?’in the | ens conprises a
singl e vision |lens. b

5

10

15

20

25

5. The lens of claim 1, wherein the diffractive power of the diffractive element
comprises:
- TCA
G veo) (5o vu-0)
Loy 1y
Vp- > Odp > Vp-

D VrR-VD VrR-Vp
6. The lens of claim 1, 2, 3, 4 or 5, wherein the diffractive element comprises
substantially the entire back surface of the lens.
7. The lens of claim 1, 2, 3, 4 or 5, wherein the diffractive element comprises
substantially the entire front surface of the lens.
8. The lens of claim 1, 2, 3, 4 or 5, wherein the diffractive element comprises a
surface intermediate a front and a back surface of the lens.
9. The lens of claim 6, wherein the lens comprises a single vision lens.
10.  The lens of claim 7, wherein the lens comprises a single vision lens.
11. The lens of claim 8, wherein the lens comprises a single vision lens.
12.  The lens of claim 6, wherein the lens comprises a multifocal lens.

13. The lens of claim 7, wherein the lens comprises a multifocal lens.



20 10. The lens of claim7, wherein the | ens conprises
a single vision lens. 11. The lens of claimS8,
wob@nossIse he | ens conprises a single vision | ePGT/USZA3/033180

The lens of claim6, wherein the |lens conprises a
mul tifocal lens. 25 13. The lens of claim7, wherein
the lens conprises a nultifocal |ens. WO 2004/ 038489
PCT/ US2003/ 033180 15 14. The lens of claim 8, wherein
the Il ens conprises a nultifocal5lens. 5 15. A nethod
for producing a custom zed |l ens conprising the step of
providing a lens conprising a spherical power c, a
diffractive element conprising a first spherica

i ' {co ég £ bt csigemnd
spherlcEﬁég%ﬁﬁ¥ﬂ£%%§$%&%§?§?§q§ﬁ + |0 16. The
nmet hod of claim 15, wherein the Iens IS a single
vi si on | ens. m.15,. wherein

jern® is Aanﬁ:qu]f;{)@g Scfl.gg]g cusgomlzeg llens coinprismg the step to? Sroviding

a lens comprising a spherical power @, a diffractive element comprising a first
spherical power ®p and a refractive element comprising a second spherical power

@R, wherein @ = Op + Or.
10 16.  The method of claim 15, wherein the lens is a single vision lens.

17. The method of claim 15, wherein the lens is a multifocal lens.



