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i nventi @mu“"mﬁmmwdg differential thickness contact lens that utilizes
nmul ti pl e bas Frves to correct for deviations in sphere power and cyli nder
power as a resu t of tO nonuniform shrinkage, as well as a nethod of
manuf acturing such | ens. BACKGROUND O’—l THE | NVENTI ON Cont act |enses are
generally used to correct varl ous types of vi SI on probl ens. See, for
exanple, U S Patent RAEFERENT AZH ] CIINGES i 2,638, which are
i ncorporated 15 herein il‘tthZﬂBJGrM IPEEllhAsSE) URVES arNle. Al SO0, various
texts discuss the princiMEEHON OFMMAAUFACTERINS I SAMENd manuf act uri ng:
Ruben et al., Contact Lens Practice (Chapman & Hall, London); Stem Slatt &
Stejn, Opthal mc Term nology (C V. Msby Conpany, St. Louis, 1987), which
are al so incorporated herein by reference. Astigmati sm o]
portion of the eye focuses light at a different focal mﬂmﬂ“ mmu‘@mrest
of the eye, i.e., it is a refractive error of the eye |n Gliefsdpe rays of
| i ght d&IBbD ORFHE ENYENTHGNe point focus on the retina. Ton| C lIenses or
| enses with cyllnder power, typ |caII¥ are used to correct for astigmatism
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Ilg t rays at a co n point. However e co n trocal point may be
| ocated at an incorrect position with respect to the retina. This condition

is referred to as either "myopia" or
BACKGROUND OF THE INVENTION

Contact lenses are generally used to correct various types of vision problems.

See, for example, U.S. Patent Nos. 4,573,774, 5,650,837; and 5,652,638, which are incorporated

15 herein 1n their entireties by reference. Also, various texts discuss the principles of contact lens
design and manufacturing: Ruben et al., Contact Lens Practice (Chapman & Hall, London);
Stein, Slatt & Stein, Opthalmic Terminology (C.V. Mosby Company, St. Louis, 1987), which are
also incorporated herein by reference.

Astigmatism occurs when a portion of the eye focuses light at a different focal
point than the rest of the eye, i.e., it is a refractive error of the eye in which the rays of light do
not come to a single point focus on the retina. Toric lenses, or lenses with cylinder power,
typically are used to correct for astigmatism. For toric lenses, the cylinder power is along the
cylinder radius, which is orthogonal to the cylinder axis. The cylinder power of the toric lens
results in the eye focusing light rays at a common focal point.

25 As indicated above, toricity is used to correct astigmatism so that it focuses light
rays at a common point. However, the common focal point may be located at an incorrect

position with respect to the retina. This condition 1s referred to as either “myopia” or



1 g JUN 7~~3 -2 "hyperopi a". Myopia which typically results from & &tJgkpins
cornea that causes light rays to focus at a focal point which is short of
"the retina Conversely) hyperopia is a case in which a flat cornea causes
light rays to focus at a focal point that is behind the retina. Sphere
power is included in a lens to cause |, ght to properly focus on the retina.
5 Contact | enses may include either o?'both spherical correction or
cyIinder correction depending on the particular circunstances of the |ens

wear er' .., Lenses that have o herical correctionp are spherically
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toric contact |enses need be rotationally stablllze in the eye to
insureIEMﬁbchhéh@ﬁﬂ&pn@e@yQﬁefhmeEMﬁlted with respect to the eye in order
to carry out its function of correcting the vision of particular areas of
thé eye. Rotati ofi@htagt ddmisé¢si mpy naylube eabtri ev ddthuspiregical parmdsten of qésdens
|nclud|ng inferior truncation, double truncation, thin zones (also called

" doubl ecogqe%wncﬁﬁfier)dlngwa’crhe EW‘F‘&&Y@TFBYPF‘&IPCFW%WE leps WsATeE SreWiSd d&NSsF Rl have These
rotation,st b|||2|n n conbi.nati on.
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the | enghéhend itk meshio dtsi g"dbﬁho IndRide Wagi o fldifEatedNtBicRsd, tésONiag il §Meridan @
eyelids they are held in place by the lids. At the sane tinme, the thlcker
pant i oresymfmetritder®) Aengsat,eoposintacolersts needretbaaetatiotedly e;abiluzcﬂsmvﬂmc)e tbhey
too are held in place by abutting against the eyelids. The process for
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st ep, r other simlar curing process. However,
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during the manufacturing process. The change in cylinder power and
under the eyelids they are held in place by the lids. At the same time, the thicker portions of the

)

20 lens are positioned in between the eyehids where they too are held in place by abutting against the
eyelids,

The process for manufacturing differential thickness lenses typically includes a

curing step, which may involve UV, heat, or other similar curing process. However, as a result

of the curing step, the material of the lens shrinks at different rates due to the differential

25 thicknesses. This differential shrinkage causes the cylinder power to change as a function of



sphere power caused by the nonunifonn shrinkage is conpensated for ygijng 703
nunber of different base curves, instead of a single base curve. This

" reduces the power deviation fron1target caused by the induced change in
cylinder power and sphere power. The present invention is for a nmethod of
produci ng a conpensated contact |ens ich is conpensated for power
deviation fromtarget due to differential shrinkage, and also a 15
conpensat ed contact |ens, which is produced using the foll ow ng steps:
designing a lens to have first and second areas of different thickness and
a cylinder power having a predeterm ned angul ar position; determning a
plurality of power correction factors, one for each of a plurality of
angul ar areas of the | ens; and 20 modi f gga e lens _using a selec&ﬁg one
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power deviation f target caused nonuni f orm shri nkage; Figure 3 is a
graph illustrating the use of nultlple base curves; and 5 Figure 4 is a

gr aph |IIustrat|ng the power deviation fromtarget using the miltiple base
cufve aypMOhaRY &VBNTHENAI LED DESCRI PTI ON OF THE | NVENTI ON

The present invention is for a differential thickness contact lens which 1s
compensated for differential shrinkage during the manufacturing process. The present invention
is also for a method of manufacturing and compensating a differential thickness lens for
differential shrinkage during the manufacturing process. The change in cylinder power and

10 sphere power caused by the nonuniform shrinkage is compensated for using a number of different
base curves, instead of a single base curve. This reduces the power deviation from target caused
by the induced change in cylinder power and sphere power.

The present invention is for a method of producing a compensated contact lens
which 1s compensated for power deviation from target due to differential shrinkage, and also a
15 compensated contact lens, which is produced using the following steps:
designing a lens to have first and second areas of different thickness and a cylinder
power having a predetermined angular position;
determining a plurality of power correction factors, one for each of a plurality of
angular areas of the lens; and

20 modifying the lens using a selected one of the plurality of power correction factors

corresponding to the angular area of the lens containing the angular position of the cylindrical

power.

25 BRIEF DESCRIPTION OF THE DRAWINGS



Referring to the drawings in detail, Figure 1 illustrates a plan g@e%”pmm
the front 1 o surface of a contact |lens 10 having a rotationally stable

" design. The lens 10 includes a central optical zone 12, as well as thinned
out areas 14 and 16 | ocated at the upper and bottom regi ons, respectively,
and intended to be positioned under the patient's eyelids. It has been
observed that a | ens having areas of "different thickness changes its
geonetry during the curing step in the manufacturing process. Curing brings
about a differential 15 shrinkage that has an effect on the cylinder power
and the sphere power. Referring now to Figure 2, therein is shown a graph
of power deviation fromtarget for both cylinder power 60 and sphere power
62 as a function of cylinder axis. This power deviation is caused by the
nonuni form shri nkage of the |lens. The extent of the power deviation has

been determ ned to be a function of position, i.e., angular position of the
cyl i nder power. FGi8WHé IBKhNEHERIGREIAGTIF SPBelIgi e 2, a I ens having a

cylinder axis at degrees wil.l .experience a cyli r power devjation of
st -0 25 i optdbEe Irite? et RSB TE o ek B RRMTEEC BB ona
techniqqg&uﬁgggpg?ﬁ&gxfor this power deviation by using a single, constant
power correction tfor all different cylinder axis orientations. Because the
power deviation vangge 3 isupopRtusahimnmeide of\vRiltgidBaseanges odndcy! i nder axes,
a single correction factor 25 generally will not correct adequately across
thesentire range dligus4 isracgaphaiesirating theoMeNdAGDB®n-fEonT keeggy usipe tite muiviphat i on
addresses this problenlgy using multiple base curves, or nultiple power
corr ect i ¥4e FHYE BPRI0acHpd Fgwre dach regi on of cylinder axes. This approach is
shown in Figure 3. As illustrated in Figure 3, the 180 degree span of
cylinder axis range is divided into six regions, with each regi on spanni ng

30 degr eggTAINERPDESERASFIONORCPREINVENTIOND C are 5 utilized. Only three

correction powers are needed Tor Six reglons, because the power deviation
effect which is belergrigDid @eldesvihg inl dialy FTgREd | Clhahaes alphe G6wdgIRERo@Xi S.
Thus, for the region 030 degrees, power correction factor Ais used; in the
regioon ofurfa®e 60a degacebms 10 daeing eorteeotallp stabiatesign.B Ths lens dd; inclndksiancentia
regi on 60-90 degrees, power correction factor Cis used. The region from
180- 90 d¥Rjicaleont 42,05 ell as thinpgdqant geag Hoarmsh Yologriest #dhe BRficHAN] beftonyiegonssed,

and t o corres ond%n in the individual 30 degree regions.

f.actQrs are use
Al t hough'tRFEERafp glgeé’ﬂ%qs\}r? |er1?°f—4$1§ﬂf émgfrdlﬁ RAISES FEl Pegr ee regions, it is to
be understood thaty (&, 3paBseAeal BB L£¥hi RUGE, BES oMB¥rRE: BliMHAQIHALA its
smal l er or |arger regions depending on the granularity and accuracy of the
correct i gomatty @birinStht cule fpovitiiedanulireuring wodte &g eniisig dtihgriboat a Bigfentgriilhe
approach of Figure 3 is illustrated in Figure 15 4. As shown in Figure 4,
t heSuse dhfinkaget thyl ks saisdfecuen g ¢ydindért powen apdithe $nhatsl gowenn dieferong @owi on i n
each regjon. a result, the power deviation fromtarget is reduced to the
or der of I@ureéﬁe&& ’érSE‘?Wﬂrﬁ&raPlégﬁé‘t‘YebHevd?“"?_rf@”blﬁ%’& fﬂ@_@ﬁ%‘la PPy (et to
this | OV ll'lgr\éelov&e'}ebels asqu)x.I_ﬁucr)lcr:’E?onOEf tchliendgf %51'.5.dI ?ﬁ)igep[ov@?rt%'vﬂn Mis tcgl?s 8Vb§)' ﬂalel
manuf actUrrng process. e power %prrec fon 'S intToduced” by fodi f ing the
desired \gythh/RI8S shinkh g3 RPBYe GerROWRE etibhi 82 EHR poRS ARiatiWhhedhdIR VieRfmiAbeRMell shed
20 by adjusting the cylinder and sphere radii. In the exanple shown in
Fi gur es Rnéijont dfepdshwamensguid ppaher of pevelindaposvet.eFde mity edtamphe slove ineaker
in going fromregion Ato region C. Therefore, the sphere power is
corffensaligureBy ajlenshoviog iarvylindee pxifren hilcesqsh el cprpmencest exdimgerrpawer gevigiionr om

region A reg) C. Thig is achi eved . by reducing the sphere radius in
Gorng 1 rorAPEs e KOPIGrSr HIeGRRES PRy e T SipYigrly Sifected:

Conventional techniques compensate for this power deviation by using a single,
constant power correction for all different cylinder axis orientations. Because the power
deviation vares a substantial amount over the range of cylinder axes, a single correction factor

25 generally will not correct adequately across the entire range of cylinder axes.



25 the unconpensated cylinder power has a tendency to becone stronger hﬁb@
going fromregion Ato 1 9 JUN 2003 -6 region C. Therefore, the cﬁﬂi 03
power is conpensated by introducing increnental cylinder power weakness in
going fromregion Ato region C This is achieved by increasing the
cylinder radius in going fromregion A_to region C. The power correction
approach of the present invention nay'gé utilized for either 5 front curve
or back curve correction. The present invention may be utilized in the
production of soft or hard contact |enses, but preferably is used in the
production of soft contact |enses. More preferably, the invention is used
in the production of hydrogel |enses or silicone-containing hydrogel

| enses. Many variations of the present jnvention will s est thensel ves to
Lhose ski' L1 ad i (R PR RS RO 0S LB R TEg At Bt on

All Sucbnugtggé %\Lgr&%n@&%fvf‘é&%bn’\?n%ggr?)e%gl%f)egllo%];oftc?l%dkpé#gghI(I)'glrg é\ ogcﬁt's Eh%rv}nh in

t he appen al ns. producing a

contact il eRgrevi £NiusrLQATRENSAL £dné 0 @@V@%rspgﬁwc%mn afi§ et A Rlieddd t O
differential shrinkage, conprising the follow ng steps: designing a lens to

have a kixregions, @attoéach régdi6:s tpanhing Ki0edkgreea Jaeororation povveld 5e8,0amd T hieckness
and a cylinder axis, said first and second thicknesses being different;
det’er mi mtihzpda Qnlnthaes eqregtioppavears ersrneededi fonsik acgiansshecaise thopovsadpyvigtiona
plurality of cylinder axis ranges; nodjfying said |ens_usinpg. a selected
one of &kFd G 8 PFIPg CRFFeClsg (R 1S EERPEE BBRH ins0geEree B F-e St dr HY reaot e

cy! | ndetoWlRed 3098 SOMANG, AN W] 1B eeliat 160t UrekE Wowed SrdeifoY
factor B is used; and in the region 60-90 degrees, power correction factor C is used. The region
from 180-90 degrees is a mirror image of the 0-90 degree region just discussed, and
10 corresponding factors are used in the individual 30 degree regions. Although the example shown
in Figure 3 utilizes 30 degree regions, it is to be understood that the span of the cylinder axes
may be divided into smaller or larger regions depending on the granularity and accuracy of the
correction which 1s to be provided.

The advantageous effect of using the approach of Figure 3 is illustrated in Figure

15 4. As shown in Figure 4, the use of multiple base curves results in more finely tuned correction
in each region. As a result, the power deviation from target is reduced to the order of 0 05
diopters. The reduction of the power deviation from target to this low level frees up some of the
0.25 diopter margin for the overall manufacturing process. The power correction is introduced
by modifying the desired cylinder and sphere power in each region, which may be accomplished

20 by adjusting the cylinder and sphere radii.

In the example shown in Figures 2-4, the uncompensated sphere power has a
tendency to become weaker in going from region A to region C. Therefore, the sphere power is
compensated by introducing incremental sphere power strength in going from region A to region
C. This is achieved by reducing the sphere radius in going from region A to region C. Similarly,

25 the uncompensated cylinder power has a tendency to become stronger in going from region A to



2. The nethod of claim1, further including the step of curing saild JUN?2003
modi fied lens. 3. The nethod of claim 1, wherein each of said power
"correction factors is determ ned based on power deviation fromtarget
caused by differential shrinkage. 4. The nethod of claim1, wherein said
power correction factors include cyIin@er power correction factors. 5. The
met hod of claim 1, wherein said power correction factors include sphere
power correction factors. 6. The nethod of claim11l, wherein said nodifying
step is carried out on a front curve of said lens. 7. The nethod of claim
1, wherein said nodifying step is carried out on a back curve of said |ens.
1 9J UNZ2003 g 8 The nethod of claiml1l, wherein each of said cylinder
axi s ranges conprises 30 degrees. 9. The nethod of claiml, wherein said
cylinder axis ranges are of equal size. 10. The nethod of claim1, wherein

i d | , : aim 1.
aner i SATE G ontar kPG I8 IR Chob G Apah a8y ol b d BRI IO SHA 2 o
lens is gy diefgls ihgbmg fbd regR8 ARLBAEL of Thisak H&hleve%@ﬁﬁjréhsﬁlgit}% dyBiRgeri S a
sili cone-containing hydrogel lens. 14 The nethod of claim1 [, wherein

sai d t orradiub Bngingsfram gtnoged rebens. 15. The nmet hod of claim 11, wherein
said toric lens is a silicone-containing hydrogel |lens. 16. A contact |ens
produced i n accor danpewei dofrettins appropddofche presenimnyentiop. maphke wWoedéar eitears of
claim16, wherein the lens is a toric lens. 18. The contact |ens of claim
17, Swher BT CYHE OF back CUIVEAYTHEOR hydrogel |ens. 19. The contact |ens of

ML e oL RS8R fvdi R s R kP RIGe GRRARAAH BBV EH B bR

lenses, but preferably is used in the production of soft contact lenses. More preferably, the
invention is used in the production of hydrogel lenses or silicone-containing hydrogel lenses.
Many variations of the present invention will suggest themselves to those skilled in the art in
10 light of the above, detailed description. All such variations are within the scope of the

invention as set forth in the appended claims.
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a]J ca] cfa] ca] ca] c™a] ca] cMa] ca] c™a] ca] ca] cMa] ca] ca] c™a] ca] ca] c”a] ca] ca] cMal ca
] ca] c”a] ca] ca
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()-@"10% & ( ﬂc@mmm a&p](uyah! X gﬁ_go/qurggop)ectlon tactors, one for each of a plurality of
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109 () - ! L0080 herb BBRER, EddidMEnfabr feps L0V () - +m

10%v&' ()-)109%V& () - (10%V& () - S&1O0%VK' ()-bCl a. &l

109%&' () - Y10%&' () - &3nl0%& ()-3 10M- 10M

LOMI0ME () LB ) 2 EF0L 21 BB o O b ahRIE )
ndEbC! a. &19$#109%& () -, #10%&' ()-9 ! 3109%& () - 9#10%& () - YA0%& ()- 109%& () - n?4d

EbCl a. &194#10%&' () - 310%& () - 9F1g10%&’ () - L/ %d.0%& ()-9l (#109%& ()-: &YL0%&' () -
BCDERYV! amptﬁlgd(wafogi&susb' Prereguasaeh of | sph gpRyer )correction “factors s

determined based on power deviation from target caused by differential shrinkage.

4. The method of claim 1, wherein said power correction factors include cylinder

power correction factors.

5. The method of claim 1, wherein said power correciion factors include sphere

power correction factors.

6. The method of claim 1, wherein said modifying step is carried out on a front

curve of said lens.

7. The method of claim 1, wherein said modifying step is carried out on a back curve

of said lens.
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Par agr apf: The method of claim 1, wherein said cylinder axis ranges are of equal size.
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11. The method of claim 1, wherein said lens is a toric lens.

12.  The method of claim 1, wherein said lens is a hydrogel lens.

13. The method of claim 1, wherein said lens is a silicone-containing hydrogel lens.
14. The method of claim 11, wherein said toric lens is a hydrogel lens.

15.  The method of claim 11, wherein said toric lens is a silicone-containing hydrogel
lens.

16. A contact lens produced in accordance with the method of claim 1.

17. The contact lens of claim 16, wherein the lens is a toric lens.

18. The contact lens of claim 17, wherein the toric lens is a hydrogel lens.

19. The contact lens of claim 17, wherein the toric lens is a silicone-containing hydrogel

lens.



