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(57) ABSTRACT 

Methods of manufacturing hybrid contact lenses using a 
mold are provided. The methods include pouring liquefied 
resin of a substantially rigid material within an inner section, 
curing the Substantially rigid material, pouring liquefied 
resin of a substantially flexible material within an outer 
section and curing the substantially flexible material. In 
Some embodiments, a wall disposed between the rigid and 
flexible materials is angled and/or bent to increase bonding 
strength between the rigid and flexible sections. The curing 
steps involve the application of heat, UV light, or a combi 
nation of both heat and UV light. 
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HYBRD CONTACT LENS SYSTEMAND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 10/657,061, filed Sep. 5, 2003, 
which claims priority to U.S. Provisional Application Ser. 
No. 60/408,618, filed Sep. 6, 2002, the contents of which are 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to contact 
lenses, and more particularly to hybrid hard-soft contact 
lenses. 

BACKGROUND OF THE INVENTION 

0003 Vision correction is on the verge of a revolution. 
New technologies to measure the aberrations or distortions 
in the optics of the eye will soon be available to the public. 
These new wavefront measurement techniques such as 
Shack-Hartmann wavefront sensing or Talbot Interferom 
etry can precisely measure the eye's aberrations so that 
vision may be corrected up to 20/10. Wavefront sensing is 
the method for rapidly, and very accurately, assessing the 
aberrations in an individual’s eye to create a customized 
prescription for correction. 
0004. However, once the eyes aberrations have been 
measured, either by conventional methods or by wavefront 
sensing, these measurements must then be transferred into a 
vision correction system, such as eye Surgery, spectacles, or 
contact lenses. Recent advances in laser refractive Surgery 
techniques such as LASIK and photorefractive keratectomy, 
as well as improvements in spectacle lens manufacturing 
now enable the creation of highly accurate corrective pre 
Scriptions for individuals. 
0005. However, this is not the case with contact lenses. 
Popular soft contact lenses cannot achieve the same result as 
spectacles or laser refractive Surgery because of dimensional 
variations in fabrication. Hard contact lenses, which may 
provide the platform to achieve the results of spectacles, are 
not as comfortable as Soft contacts and lack the necessary 
positional stability on the eye. 
0006 Therefore, there exists a need for a hybrid hard-soft 
contact lens that can provide a platform for a corrective 
prescription and also provide the comfort of Soft contact 
lenses. 

0007 One drawback associate with hybrid hard-soft con 
tact lens concerns a lack of Sufficient bonding between hard 
and soft sections. This lack of bonding strength may result 
in debonding of the Soft and hard sections at the bonding 
junctions after short periods of use. 
0008. Therefore, there exists a need for methods of 
manufacturing a hybrid hard-soft contact lens that produces 
sufficient bonding between hard and soft sections to prevent 
tearing of the lens at the bonding junctions. 

SUMMARY OF THE INVENTION 

0009. A hybrid hard-soft contact lens is provided. Several 
embodiments of the invention include methods of coupling 
the hard section of the lens to the soft section of the lens. 
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Other embodiments of the invention include contact lens 
materials that increase oxygen transmission though the lens. 
Yet other embodiments of the invention are directed to 
cost-effective manufacturing methods of a hybrid hard-soft 
contact lens. 

0010. The present invention also provides methods of 
using base curve molding to produce hybrid hard-soft con 
tact lens that includes sufficient bonding between hard and 
Soft sections to prevent tearing of the lens at the bonding 
junctions. Some embodiments include methods of coupling 
the hard section of the lens to the soft section of the lens, 
while other embodiments include cost-effective manufactur 
ing methods of a hybrid hard-soft contact lens. 
0011 Further embodiments concern the manufacturing of 
a two-material button starting from a casting. Other embodi 
ments concern the manufacturing of a two-material button 
using a preform base curve molding. Advantageously, the 
preform base curve molding obviates an expensive base 
curve lathing operation and only requires front Surface 
lathing to manufacturing a stock or custom hybrid lens. 
0012 One aspect of the present invention involves a 
method of manufacturing a hybrid contact lens using a mold 
including an inner section and an outer section that are 
separated by an inner wall. The method includes the steps of 
pouring liquefied resin of a Substantially rigid material 
within the inner section, curing the Substantially rigid mate 
rial, pouring liquefied resin of a Substantially flexible mate 
rial within the outer section and curing the substantially 
flexible material. The inner wall may be angled and/or bent 
to increase bonding strength between the rigid and flexible 
sections. The curing steps involve the application of heat, 
UV light, or a combination of both heat and ultraviolet (UV) 
light. A UV blocking material Such as 4-methacryloxy-2- 
hydroxybenzophenone can also be incorporated in the for 
mulation to absorb the UV light and to prevent cataract 
development. 

0013 In a preferred embodiment, the inner wall com 
prises a pre-form optical grade divider that divides the 
substantially rigid material and the substantially flexible 
material. In additional, the inner wall preferably is bondable 
with the substantially rigid material and the substantially 
flexible material. According to some embodiments, the 
method further includes the steps of coating the inner wall 
with a UV curable adhesive to promote bonding with the 
substantially rigid material and the substantially flexible 
material and removing the outer wall after the step of curing 
the substantially flexible material. 
0014) Another aspect of the present invention involves a 
method of manufacturing a hybrid contact lens using a block 
mold having a central Void. The method includes the steps 
of pouring liquefied resin of a Substantially rigid material 
within the central Void, curing the Substantially rigid mate 
rial, removing the substantially rigid material from the block 
mold, attaching a guard to the Substantially rigid material, 
pouring a predetermined amount of liquefied resin of flex 
ible material into an area between the substantially rigid 
section and the guard and curing the Substantially flexible 
material. The central void defines an inner wall that forms 
the shape of the junction between the substantially rigid 
material and the substantially material. This wall may be 
angled and/or bent to increase bonding strength between the 
rigid and flexible sections. The curing steps involve the 
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application of heat, UV light, or a combination of both heat 
and UV light. The central void can also be molded using less 
expensive materials for the non-optical areas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a front view of a manufacturing step used 
to construct a hybrid hard-soft contact lens of the present 
invention; 

0016 FIG. 2 is a front view of a contact lens blank after 
the manufacturing step illustrated in FIG. 1; 
0017 FIG. 3 is a front view of another manufacturing 
step used to construct a hybrid hard-soft contact lens of the 
present invention; 
0018 FIG. 4 illustrates another manufacturing step used 
to construct a hybrid hard-soft contact lens of the present 
invention; 

0.019 FIG. 5 illustrates an alternative manufacturing 
method of constructing a hybrid hard-soft contact lens of the 
present invention; 
0020 FIG. 6 illustrates several embodiments of interface 
geometries between a hard section and soft section of a 
hybrid hard-soft contact lens constructed according to the 
present invention; 
0021 FIG. 6A illustrates a preferred embodiment of an 
interface geometry between a hard section and soft-section 
of a hybrid hard-soft contact lens constructed according to 
the present invention; 
0022 FIG. 7 is an illustration of a contact lens, several 
eye components and visible light rays exiting the eye 
contact lens system; 
0023 FIG. 8 is another illustration of a contact lens, eye 
components and visible light rays, showing the tendency for 
different colored light rays to exit the eye at different angles: 
0024 FIG. 9 illustrates a hypothetical uniform eye 
response to the visible light spectrum; 
0.025 FIG. 10 illustrates a photopic eye response to the 
visible light spectrum; and 
0026 FIG. 11 illustrates one idealized net wavelength 
response for a contact lens constructed according to the 
present invention. 
0027 FIG. 12 is a cross-sectional view of a hybrid 
contact lens mold according to the principles of the present 
invention; 

0028 FIGS. 13 A-13D are cross-sectional views of the 
hybrid contact lens molds of FIG. 12, wherein each view 
includes an alternative inner wall; 

0029 FIG. 14 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 12 after the inner section has been 
filled with a substantially rigid polymer and cured; 
0030 FIG. 15 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 14 after the outer section has been 
filled with a substantially flexible polymer and cured; 

0031 FIG. 16 is a cross-sectional view of an alternative 
hybrid contact lens mold according to the principles of the 
present invention; 
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0032 FIGS. 17A-17D are cross-sectional views of the 
hybrid contact lens molds of FIG. 16, wherein each view 
includes an alternative junction shape; 
0033 FIG. 18 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 16 after the central void is filled 
with a substantially rigid polymer and cured; 
0034 FIG. 19 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 18 after separation of the mold; 
0035 FIG. 20 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 19 after the addition of a guard; 
0.036 FIG. 21 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 20 after the substantially flexible 
polymer is poured and cured; 
0037 FIG. 22 is a cross-sectional view of a further 
alternative hybrid contact lens mold according to the prin 
ciples of the present invention; 
0038 FIG. 23 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 22 after the inner section has been 
filled with a substantially rigid polymer and cured; 
0.039 FIG. 24 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 23 after the outer has been filled 
with a substantially flexible polymer and cured; 
0040 FIG. 25 is a cross-sectional view of another alter 
native hybrid contact lens mold according to the principles 
of the present invention; 
0041 FIG. 26 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 25 after the central void has been 
filled with a substantially rigid polymer and cured; 
0.042 FIG. 27 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 26 after separation of the mold; 
0.043 FIG. 28 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 27 after the addition of a guard; 
0044 FIG. 29 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 28 after the substantially flexible 
polymer is poured and cured; 
0045 FIG. 30 is a cross-sectional view of a pre-formed 
substantially rigid center portion suitable for use with the 
pre-shape mold of FIGS. 31-33; 
0046 FIG. 31 is a cross-sectional view of yet another 
alternative hybrid contact lens mold according to the prin 
ciples of the present invention; 
0047 FIG. 32 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 31 after the outer portion of the 
bowl-shaped void has been filled with a substantially flex 
ible polymer and cured; and 
0.048 FIG. 33 is a cross-sectional view of the hybrid 
contact lens mold of FIG. 32 after separation of the mold. 
0049. It will be recognized that some or all of the Figures 
are schematic representations for purposes of illustration and 
do not necessarily depict the actual relative sizes or locations 
of the elements shown. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0050. In the following paragraphs, the present invention 
will be described in detail by way of example with reference 



US 2006/0285072 A1 

to the attached drawings. Throughout this description, the 
preferred embodiment and examples shown should be con 
sidered as exemplars, rather than as limitations on the 
present invention. As used herein, the “present invention 
refers to any one of the embodiments of the invention 
described herein, and any equivalents. Furthermore, refer 
ence to various feature(s) of the “present invention' 
throughout this document does not mean that all claimed 
embodiments or methods must include the referenced fea 
ture(s). 
0051. The present invention is based on a hybrid contact 
lens platform that offers the benefits, without the disadvan 
tages, of both soft and gas permeable contact lenses— 
comfort, health, stability, superior optics and durability. The 
features of the present invention include lens chemistry, 
manufacturing processes, optical design and prescribing and 
fitting processes. One feature of the manufacturing pro 
cesses and optical design elements is the ability to make 
quarter wavelength customization in order to correct for the 
higher order refractive aberrations that limit one’s ability to 
See better than 20/20. 

0.052 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as is com 
monly understood by one of skill in the art to which this 
invention belongs. In event the definition herein is not 
consistent with definitions elsewhere, the definitions set 
forth herein will control. As used herein, “hybrid refers to 
a type of contact lens that includes both hard and soft lens 
elements. 

0053) One embodiment of the present invention will 
correct normal ametropic errors (myopia, hyperopia and 
astigmatism) to a higher degree of visual performance than 
conventional contact lenses. Another embodiment of the 
present invention will correct for the wavefront-guided 
higher order aberrations and will create a new contact lens 
category, providing 'Super vision' for those whose visual 
requirements demand better than 20/20 acuity. Yet another 
embodiment of the present invention will correct for pres 
byopia, the gradually increasing inability to focus at close 
distances that usually begins after age 40. Other embodi 
ments of the present invention may include contact lenses 
that incorporate several, or all of the above-described fea 
tures. 

0054 Another embodiment of the present invention is a 
hybrid lens that combines the optical clarity, stability and 
durability of a gas permeable lens with the comfort of a soft 
contact lens. This hybrid lens has a hard gas permeable 
center chemically bonded to a soft outer skirt. The center is 
highly oxygen permeable, which is important to maintaining 
corneal health. One of the manufacturing processes of the 
present invention enables this gas permeable center to be 
lathed to quarter wavelength precision, allowing corrections 
of wavefront-guided higher order refractive aberrations and 
providing visual performance better than 20/20. 

0055 Yet another embodiment hybrid contact lens of the 
present invention has a soft outer skirt with a radius of 
curvature greater than the base curve of the oxygen perme 
able center, which is suspended on the soft skirt, thus 
creating a lighter touch above the corneal apex. One feature 
of this embodiment is that the eyelid force of normal 
blinking creates a peristaltic-like pump that exchanges the 
tears under the lens, contributing to overall comfort, and 
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eliminating dryness, the most frequent complaint of contact 
lens wearers. Another feature of this embodiment is that the 
tear layer under the lens is not only important for comfort 
and health, but it has optical correction qualities as well. A 
layer of tears retained behind the base curve of the gas 
permeable lens of the present invention may correct corneal 
astigmatism by up to about ten diopters. Thus, a hybrid 
contact lens constructed according to the present invention 
creates a Superior astigmatism correcting capability that 
does not rely on orientation and positioning, as do soft 
contact lenses. 

0056. Another embodiment of the present invention com 
prises a hybrid lens with a substantially rigid center that is 
chemically bonded to a softer outer skirt. One embodiment 
of the outer skirt is comprised of a modified poly(2-hydroxy 
ethyl methacrylate) HEMA (poly-2-hydroxyethyl-methacry 
late) material. The center is a Substantially rigid gas perme 
able-type with a gas permeability DK value greater than 30. 
A preferred embodiment center would have a gas perme 
ability DK value of about 150. However, other embodiments 
may have a gas permeability DK value that may range 
between about 30 to about 250. In a preferred embodiment 
of the present invention, the Substantially rigid center is 
made from any of the following materials: fluoro-siloxane 
acrylate, siloxane acrylate, or poly-Stryene siloxane acrylate. 
0057 The substantially rigid center section may have a 
thickness that may range between about 0.03 millimeters 
(mm) to about 0.5 mm., and a diameter that may range 
between about 4.0 mm. to about 12.0 mm. The overall 
diameter of a hybrid contact lens constructed according to 
the present invention may range between about 10.0 mm. to 
about 18.0 mm. 

0058. The substantially rigid center may have a spherical 
or ellipsoidal ocular (i.e., eye-facing) Surface. Unlike soft 
lenses, the Substantially rigid center of the present invention 
contact lens is resistant to protein deposition. One feature of 
the present invention contact lens is that it is also highly 
resistant to foreign body migration as well as dislodgement 
from the eye during contact sports, or other vigorous activi 
ties. A contact lens constructed according to the present 
invention also provides excellent centering and vision cor 
rection for irregular corneas created by trauma or Surgery. 
Hybrid Contact Lens Geometry 
0059) One embodiment of the present invention com 
prises a central Substantially rigid gas permeable portion 
having a posterior Surface that is either spherical, aspherical 
or toroidal, which is chosen to approximate the overall 
toricity and sagittal depth of the cornea to be fitted. The rigid 
gas permeable portion may be optically clear with only the 
reduction in light transmission normally found in similar 
polymerized materials. In one embodiment the rigid portion 
contains colorants and additives that narrow the band of 
light transmitted by the lens to reduce the chromatic aber 
ration of the lens-eye system. The anterior or posterior 
Surface of the rigid portion may also have Surface modifi 
cation to correct the total low and high order aberrations of 
the lens-eye system. Further, the surface profile of the 
anterior or posterior Surface may be modified to register the 
low and high order aberrations over the optical system of the 
eye to account for the consistent natural displacement of the 
contact lens when applied to the eye. In addition, the Surface 
profile of the anterior or posterior surface may be modified 
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to contain a multi-focal feature for the correction of pres 
byopia. Also, the anterior surface of the lens may be treated 
to reduce the variance in the pre-lens tear film. 
0060. In another embodiment of the present invention, 
the Substantially rigid contact lens portion is joined to an 
outer soft hydrophilic portion by an intermediate adhesion 
enhancement Zone. The adhesion enhancement Zone may 
contain a material that bonds to the Substantially rigid 
portion and to the soft hydrophilic portion. The soft hydro 
philic portion may have a posterior Surface that is spherical, 
aspherical, toroidal or rotationally asymmetrical to approxi 
mate the overall or meridional sagittal depth of the periph 
eral cornea, limbal region and Sclera. The anterior Surface of 
the soft portion may be modified to produce a thickness 
variation in the form of prism ballast or thin Zones that 
utilize lid interaction to produce a resultant rotational sta 
bility. 

0061 The soft section or skirt of the contact lens is 
designed to control rotation by various methods. The meth 
ods include prism ballasting, thin Zones, and rotationally 
asymmetrical contours that match the asymmetry of the 
cornea, limbus and sclera. In the preferred embodiment the 
superior portion of the lens is thinner than the inferior 
portion. 
Methods of Manufacturing a Hybrid Contact Lens 
0062 Referring to FIGS. 1-5, one method of manufac 
turing a hybrid contact-lens according to the present inven 
tion will now be described. This method results in a fracture 
resistant product that is inexpensive to manufacture. 
0063 Shown in FIG. 1, a rod 10 of rigid gas permeable 
material is cast having the desired characteristics. Upon the 
completion of the curing the rod is precision ground to 
produce a substantially uniform diameter. The rod is then 
machined by tool 15 into a primary blank 17 having an 
anterior diameter 20 designed to conform to the collet of a 
computer numerically controlled lathe and a posterior diam 
eter 25 designed to conform the outermost diameter of the 
hydrophilic portion of the lens for positioning in a tube, cup, 
or other containing device. The anterior diameter 20 may 
range from 6 millimeters (mm) to 24 mm, and the posterior 
diameter 25 may range from 6 mm to 24 mm. In one 
embodiment, the anterior diameter 20 may be a separate 
material that is bonded or otherwise attached to the primary 
blank 17 for enduring the clamping force of a lathe. The 
intermediate portion of the primary blank 17 is simulta 
neously machined to have a predetermined angle 30 for the 
interface of the rigid and hydrophilic material in the finished 
lens. 

0064 One manufacturing, method of the present inven 
tion has the posterior diameter 25 substantially meet, or 
exceed, the hydrophilic section outermost diameter 35, that 
is, the outermost diameter of the soft section of the contact 
lens, as shown in FIG. 4. In this embodiment, a boundary 
material 40 is then applied to produce a resultant wall, or cup 
to receive, and retain the hydrophilic liquid polymer. Alter 
natively, the primary blank 17 may be inserted into a cup, 
tube or other containing device to receive the hydrophilic 
material. 

0065. An alternative manufacturing method of the 
present invention includes the application of an adhesion 
promoter to the primary blank 17, followed by the casting of 
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the hydrophilic polymer into the liquid holding device 
formed by either the boundary material 40, tube, cup or other 
containing device. 
0066. In yet another embodiment, the primary lens blank 
17 is mounted via the anterior diameter 20 in the collet of a 
computer numerically controlled lathe that is programmed to 
produce the aspherical posterior Surface profile in a manner 
that the profile does not require polishing, or may only need 
a light buff, or polish. The posterior surfaced button is then 
mounted to a lens block wherein the axis of the block passes 
through the geometric center of the lens 45, shown in FIG. 
4. 

0067. The assembly with the posterior surfaced button is 
remounted in the collet of a computer numerically controlled 
lathe, such as the Optoform 80 with Variform attachment, or 
equivalent type that is capable of producing rotationally 
symmetrical or non-symmetrical Surfaces to high, or quarter 
wavelength accuracy that preferably require a light buff, or 
no supplemental polishing (VARIFORM and OPTOFORM 
are trademarks of Precitech, Inc., of Keene, N.H.). It will be 
appreciated to those skilled in the art that other types of 
lathes may be employed. The finished lens is then removed 
from the lathe, with or without a light buff, deblocked and 
cleaned followed by anterior lens surface treatment. Finally 
the lens undergoes hydration-extraction, sterilization and 
packaging. 
0068 Alternative manufacturing methods of the present 
invention may include: molding of the posterior surface and 
diamond turning of the molded blank, contour cutting of the 
anterior Surface of a posterior curve finished blank; etching 
the anterior surface of a posterior curve finished blank or 
predicate lens anterior or posterior Surface; thin film depo 
sition of a predicate lens anterior or posterior Surface; and 
laser ablation of a predicate lens anterior or posterior Sur 
face. 

0069. Another manufacturing method may include mold 
ing or lathing a standard base curve with a standard or 
semi-customized front Surface, then using a thermal or laser 
energy to modify the refractive index of the center material 
to a desired optical requirement. This method replaces 
custom lathing or molding expenses. Another method may 
include molding the posterior and anterior Surfaces, and yet 
another embodiment may include a mechanical force or 
thermal molding manufacturing method. 
0070 Another method of manufacturing a hybrid contact 
lens according to the present invention is illustrated in FIG. 
5. Step 1 shows a rod of fluorosiloxane acrylate RGP 
material that will comprise the substantially rigid section of 
the hybrid contact lens. It will be appreciated to those skilled 
in the art that other types of materials may be employed. 
These other materials may include the following monomers, 
monomer mixtures, or their derivatives: methyl methacry 
late; ethyl methacrylate; ethylene glycol diacrylate; 
octafluoro pentyl methacrylate, tetramethyldisiloxane, eth 
ylene glycol dimethacrylate, pentafluoro phenylacrylate. 
2-(trimethylsiloxyl)ethyl methacrylate, 2.2-bis(2-methary 
loxyphenyl) propane, N-2-(N,N-dimethylamino)ethyl 
acrylate, 2-(N,N-dimethylamino)ethyl methacryalte, 2-(N.N 
-dimethylamino)propy acrylate, N-vinyl-2-pyrrolidone, 
N,N-dimthylacrylamide, acrylamide, acrylamine, 2-hy 
droxyethyl methacrylate, siloxane-ethylene glycol 
dimethacrylate, trifluoroethyl methacrylate, pentafluorosty 
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rene, pentafluorophenyl methacrylate, pentafluorophenyl 
acrylate, pentafluoropropyl methacrylate, unsaturated poly 
ester, p-vinyl benzylhexafluoroisopropyl ether, and siloxa 
nylalkylamide. 

0071. The rod, or button shown in Step 1 of FIG. 5, will 
preferably have a 5 millimeter (mm) to 22 mm diameter and 
be 2 mm to 15 mm in length. In one embodiment, the button 
may be bonded to another material for a Subsequent opera 
tion, and as a possible cost saving. In Step 2, a plunge tool 
is used to remove unnecessary hard material and allow a 
Solid section of material on one side for Subsequent opera 
tions. Another method may use the plunge tool to form the 
button assembly from Step 1, with a shape similar to FIG. 
2. 

0072. In Step 3, a spacer is formed on the gripping side 
of the blank for the next operation, or the blank can be 
bonded to a pre-form containing device to skip Step 4. 
0073. In Step 4, a tape, or other media that provides a 
retaining wall to hold the Soft material during polymeriza 
tion is applied to the blank. In Step 5, an adhesion promoter 
may be applied to the hard material and then the soft 
material is poured inside the retaining wall, or other con 
taining device, and allowed to cure. In Step 6, the spacer, or 
containing device, is removed and the blank is ready for 
Subsequent manufacturing operations. 

0074 Referring to FIG. 6, methods of coupling the hard 
section of the contact lens to the soft section will now be 
described. Conventional hybrid contact lenses are generally 
not durable, in part because of the weak chemical bonding 
between the hard and soft sections of the lens. One feature 
of the present invention is that a variety of coupling con 
figurations are-contemplated that securely couple the hard 
and Soft sections of a hybrid contact lens. 
0075 One embodiment of the present invention employs 
an angled, or sloped Surface between the hard and soft 
contact lens sections, thereby increasing the Surface area, 
and thus the bonding force, or strength between the two 
sections. Other embodiments use a variety of different 
Surface features, or Surface geometries that increase the 
durability and comfort of a hybrid contact lens. 
0.076 For example, the bonding angle 50, shown in FIG. 
6, may vary from almost 0 degrees to almost 90 degrees. 
That is, if a contact lens constructed according to the present 
invention was pressed against a flat surface, the angle 
defined by the interface between the hard and soft sections 
of the lens could vary from almost parallel to the flat surface 
to almost perpendicular to the flat Surface. 

0077. In addition, the interface between the hard and soft 
sections of the contact lens may include a variety of Surface 
configurations, or geometries 55. As shown in FIG. 6, these 
Surface geometries 55 may include ledges, protuberances, or 
substantially V- or W-shaped projections. Other surface 
geometries 55 may include serrations, gradations, or any 
other shape that is not substantially straight, or planar. 

0078 Referring now to FIG. 6A, a preferred hard-soft 
lens bonding method is illustrated. In this embodiment of the 
present invention, increasing the Surface area between the 
rigid and soft lens components increases bonding strength 
between the two materials and minimizes lens breakage, or 
failure. Another advantage of this embodiment is that it 
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provides a Smooth transition between the rigid or hard, and 
Soft materials. This produces an exceptionally comfortable 
lens. 

0079. As shown in FIG. 6A, an interface, or junction 75 
between the hard, or substantially rigid lens material 65, and 
the soft lens material 70 is illustrated. Also shown is angle 
“A” that may range between about 95 degrees to about 170 
degrees. In a preferred embodiment, angle A ranges between 
about 110 degrees to about 165 degrees. As illustrated, the 
interface between the hard, or substantially rigid lens mate 
rial 65, and the soft lens material 70 is substantially 
V-shaped. Put differently, the interface comprises two inter 
secting planes that meet within the lens. This lens junction 
configuration provides a safety feature in the unlikely case 
of lens material separation during wear. Because of the 
V-shape, the edge of the hard lens material 65 is not “blade' 
shaped, and thus a sharp edge will not contact the cornea or 
eyelid, eliminating the risk of cuts, or abrasions. 

0080. The hard and soft sections of a contact lens con 
structed according to the present invention may be joined, or 
coupled by a bonding material or resin comprised of the 
following monomer mixtures or their derivatives: vinyl 
acetate; trifluoroethanol; methyl methacrylate; ethylene 
diamine: 2-hydroxyethyl methacrylate (HEMA) and other 
esters of methacrylic acid formulated from acrylic bases 
with fluorinated alkyl or aryl, silicone, styrene moiety in the 
structure and resultant polymers such as polystyrene; fluo 
rine/styrene; and silicone/styrene. 

0081. The soft section of the contact lens constructed 
according to the present invention may be comprised of a 
variety of materials. These materials may include the fol 
lowing monomer mixtures or their derivatives: poly HEMA; 
hydroxyethyl acrylate; dihydroxypropyl methacrylate; poly 
ethylaneglycol; acetoxysilane; (trimethylsiloxyethyl 
)methacrylate; trimethylesiloxy; ethyleneglycol 
dimethacrylate; phenylethyl acrylate; and polyethylene 
oxide. It will be appreciated to those skilled in the art that 
other types of materials may be employed. 

Hybrid Contact Lens Surface Treatments 
0082 One feature of the present invention is that a 
variety of contact lens Surface treatments are contemplated. 
These surface treatments may be added, for example, for the 
purpose of improving the comfort of the lens by means of 
improving the in-vivo wetting of the lens material. Another 
reason for using Surface treatments is to create a uniform 
pre-lens tear film thickness. Variations in pre-lens tear film 
thickness induce aberrations while a uniform pre-lens tear 
film thickness allows the other aberration corrections to 
reach full effectiveness. 

0083. One embodiment of a hybrid contact lens con 
structed according to the present invention may include a 
surface treatment that provides uniform pre-lens tear film 
thickness between normal blinking action. These treatments 
may comprise one or more of the following embodiments: 1) 
Plasma—the lens is placed in the presence of gases that are 
modified by oscillating electromagnetic energy. This creates 
a Surface oxidation that generate functional groups such as 
OH or NH on the lens surface, which make the lens surface 
more wettable; 2) Ionic Surfactants polar molecules are 
presented to the ionic lens Surfaces with a resultant bonding 
of the molecules to the Surface. An example is sodium 
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dodecyl sulfide. The 12-carbon chain combined with lauryl 
Sulfonic acid provides a Substrate that Supports a more 
uniform tear film thickness; 3) Non-ionic surfactants—The 
lens may be exposed to non-ionic Surfactants that provide a 
film on the lens. An example is an ethylene glycol chain; 4) 
Soluble polymers—films of soluble polymers can be applied 
to the rigid gas permeable material after manufacturing. 
Examples are TEFLON, N,N-dimethyacrylamide and 
HEMA. Other types of surface treatments are also contem 
plated. 

Methods of Prescribing and Fitting a Hybrid Contact Lens 
0084. The present invention also contemplates methods 
of prescribing and fitting a hybrid contact lens. One method 
relates to non-rotating lenses for correcting high order 
aberrations that include methods of placing the coordinates 
of the aberration measurement over the coordinates of the 
pupil. Another comprises methods of placing a multifocal 
over the coordinates of the pupil and customizing the design 
of the multifocal with measurements of high order aberra 
tions and pupil size. 
0085 One method of prescribing and fitting a hybrid 
contact lens employs a set of precision hybrid lenses with 
either spherical, aspherical or toroidal posterior Surfaces and 
spherical, aspherical or toroidal anterior Surfaces. For a final 
monofocal lens, one embodiment contains a posterior 
aspherical Surface and an anterior spherical Surface. For a 
final multifocal lens one embodiment contains a posterior 
aspherical surface and an anterior aspherical surface. 
0.086 One prescribing method of the present invention 
employs a central registration mark or marks concentric with 
the lens geometric center that are placed on either the 
anterior or posterior surfaces or within the matrix of either 
the rigid central portion, the intermediate adhesion enhance 
ment Zone or in the Soft portion of a contact lens. In the 
preferred embodiment the rigid portion is at least 9 mm in 
diameter and a minimum of three marks are placed at a 
chord diameter of about 8 mm. In the preferred embodiment 
the diameter of the overall lens is approximately 14.0 mm. 
0087. A contact lens from the set with a posterior rigid 
Surface that approximates the Sagittal depth of the respective 
eye over the chord diameter of the rigid portion is placed on 
the eye and allowed to equilibrate. The degree of rotational 
and translational movement is observed. In the preferred 
embodiment the movement observed should be less than 5 
degrees rotational and 0.3 mm translational. Upon determi 
nation that the movement meets the required limit the 
residual high and low order aberrations are measured 
through the lens along with the relative coordinates of the 
lens marks and the pupil margin, limbal margin or other 
anatomical features. In the preferred embodiment an instru 
ment having the capability of detecting the lens marks and 
the pupil margin along with the residual high and low order 
aberrations is used. 

0088 An alternative embodiment of the present inven 
tion may include infrared-responsive marks, such as one or 
more registration marks, one or more concentric marks, or 
other suitable marks, which emit or reflect infrared light. For 
example, some types of wavefront aberrometers employ 
infrared light, which is generally in the form of a laser. 
During examination of an eye fitted with a hybrid hard-soft 
contact lens constructed according to the present invention, 
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the infrared-reflecting marks in the hybrid lens will be easily 
visible, enabling simultaneous evaluation of registration 
error, as well as aberrations. In one embodiment, indocyan 
dye that fluoresces when exposed to ultraviolet light is 
employed, but it will be appreciated that other dyes, pow 
ders, or other types of ultraviolet and infrared-responsive 
products may be employed. 
0089 Another method of prescribing and fitting a hybrid 
contact lens employs a set of precision rotating and non 
rotating hybrid contact lenses having known ocular surface 
profiles, optical corrections and thickness profiles. In one 
embodiment, the lenses contain circumferential marks in the 
mid periphery. A lens is selected and applied to the eye and 
allowed to equilibrate. The coordinates of the marks and the 
pupil are determined. The aberrations of the lens-eye system 
are measured. A mathematical model provides analysis of 
the known thickness profile, the registration error of the 
coordinates of the lens and the pupil, and the residual 
lens-eye aberrations to derive the computer numerically 
controlled lathe files for diamond turning a resultant thick 
ness profile for a final contact lens having the same ocular 
surface profile. 
0090 For example, one prescribing and fitting method of 
the present invention may include the steps of selecting the 
initial lens to conform to the shape of the underlying cornea; 
capturing an image of the circumferential marks and the 
pupil margin; measuring the residual low and high order 
aberrations of the lens-eye system; performing analysis 
utilizing the known ocular surface profile of the lens, the 
initial lens thickness profile, the registration error, and the 
residual lens-eye aberration error to determine the resultant 
files for generating a final contact lens. 
0091 Another method of prescribing and fitting a hybrid 
contact lens employs a set of contact lenses having a known 
central Zone ocular surface geometry, thickness, anterior 
Surface geometry and diameter. The preferred residual lens 
eye aberration correction and coordinate disparity are deter 
mined by clinical measurement, and the thickness profile 
variation is derived by computer modeling, or other meth 
ods, in order to specify a Superiorly performing lens. 
0092. Yet another method of prescribing and fitting a 
hybrid contact lens employs a set of contact lenses with fixed 
ocular Surface geometries, overall diameters and front Sur 
face geometries, over which clinical measurements are made 
from which the final prescription parameters are derived by 
computation, or other methods. 
0093. Another method of the present invention comprises 
correcting visual acuity deficiencies in presbyopia by reduc 
tion of the residual lens-eye aberrations. The method uses a 
set of hybrid contact lenses having a known ocular Surface 
profile and thickness profile containing circumferential 
marks for the purpose of registration of the final optical 
correction with the coordinates of the optical system of the 
eye. The method steps may include: selecting the initial lens 
to conform to the shape of the underlying cornea; capturing 
an image of the circumferential marks and the pupil margin; 
measuring the size of the pupil in photopic, mesopic and/or 
Scotopic illumination; measuring the residual low and high 
order aberrations of the lens-eye system; and performing 
analysis utilizing the known ocular surface profile, the initial 
lens thickness profile, the registration error, the pupil size 
and the residual lens-eye aberration error to determine 
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prescription information for generating a final contact lens. 
In one embodiment of this method, the diameter of the near 
focused optical correction may be in the range of about 1.8 
mm to about 4.0 mm. 

0094. Another method of the present invention employs 
a multifocal contact lens and corrects visual acuity deficien 
cies in presbyopia by reduction of the residual lens-eye 
aberrations. The method uses a set of multifocal hybrid 
contact lenses having a known ocular surface profile and 
thickness profile and containing circumferential marks for 
the purpose of registration of the final optical correction with 
the coordinates of the optical system of the eye. The method 
steps may include: selecting the initial lens to conform to the 
shape of the underlying cornea having a multifocal anterior 
Surface; capturing an image of the circumferential marks and 
the pupil margin; measuring the size of the pupil in photopic, 
mesopic and/or Scotopic illumination; measuring the 
residual low and high order aberrations of the lens-eye 
system; and performing analysis utilizing the known ocular 
Surface profile, the initial lens thickness profile, the regis 
tration error, the pupil size and the residual lens-eye aber 
ration error to determine prescription information for gen 
erating a final multifocal contact lens. In one embodiment of 
this method, the diameter of the near focused optical cor 
rection may be in the range of about 1.8 mm to about 4.0 

. 

0.095 Another method of the present invention employs 
a multifocal contact lens and corrects visual acuity deficien 
cies in presbyopia by reduction of the residual lens-eye 
aberrations. This method also incorporates information 
relating to a light transmittance pattern. The method uses a 
set of multifocal hybrid contact lenses having a known 
ocular surface profile and thickness profile, light transmit 
tance pattern, and containing circumferential marks for the 
purpose of registration of the final optical correction with the 
coordinates of the optical system of the eye. The method 
steps may include: selecting the initial lens to conform to the 
shape of the underlying cornea having a multifocal anterior 
Surface; capturing an image of the circumferential marks and 
the pupil margin; measuring the size of the pupil in photopic, 
mesopic and/or Scotopic illumination; measuring the 
residual low and high order aberrations of the lens-eye 
system; and performing analysis utilizing the known ocular 
Surface profile, the initial lens thickness profile, the regis 
tration error, the light transmittance pattern, the pupil size 
and the residual lens-eye aberration error to determine 
prescription information for generating a final multifocal 
contact lens. In one embodiment of this method, the diam 
eter of the near focused optical correction may be in the 
range of about 1.8 mm to about 4.0 mm. 

0096. The above-described methods of prescribing and/ 
or fitting a hybrid contact lens may also employ additional 
method steps or additional devices. For example: the method 
of determining the difference in the coordinates of the center 
of the circumferential lens marks and the pupil margin may 
incorporate a reticle of a biomicroscope or a camera with 
Subsequent manual or electronic digital image detection. In 
addition, the method of measuring the residual aberrations 
of the lens-eye system may incorporate Shack-Hartmann 
aberrometry, aberrometers utilizing Tscherning technology, 
laser ray-tracing, holographic grid or Talbot interferometry 
technology. 

Dec. 21, 2006 

Correction for Various Components of the Visible Light 
Spectrum 
0097 Aberrometry performed with the contact lens in 
place provides us with knowledge of the angles that the rays 
emerging from the anterior lens make with respect to the 
visual axis. In the perfect case, the rays would all emerge 
parallel to the visual axis. But as illustrated in FIG. 7, in the 
presence of aberrations these rays make an angle with 
respect to the visual axis and this angle is not restricted to the 
plane of the paper. To correct these aberrations, there are 
generally two variables to modulate. The first variable is the 
slope of the contact lens at the point each ray emerges from 
the contact lens. Changing this slope will change the direc 
tion of the ray exiting the eye via Snell's Law. There will 
exist a slope of the anterior or posterior contact lens Surface 
that causes the ray to exit parallel to the visual axis. The 
second variable is the local lens thickness at the point where 
each ray exits the contact lens. As this thickness is adjusted, 
the slope of one or both of the surfaces for the path of the 
ray at this point also needs to change in order to keep the 
emerging ray parallel to the visual axis. There will exist a set 
of local thicknesses and slopes that simultaneously cause all 
of the emerging rays to be parallel to the visual axis and keep 
the overall thickness of the lens reasonable, that is, not too 
thin or too thick. 

0098 Aberrometry is normally only performed at one 
wavelength, usually in the infrared. However, as illustrated 
in FIG. 8, the slopes of the various rays will depend on the 
color of the light. In general, blue lights rays will be more 
convergent than the green light rays. The red light rays will 
be more divergent than the green light rays. 
0099. The dilemma now is which color rays should be 
made parallel to the visual axis. If the eye responded equally 
to all colors in the visible range (wavelengths of about 380 
nanometers (nm) to about 780 nm), you would make the rays 
that corresponded to the middle wavelength parallel to the 
visual axis. In this manner, half of the light would be 
diverging and half of the light would be converging as it left 
the eye. 
0100 Referring to FIG. 9, for a uniform response, the 
center wavelength of the visible spectrum would be ideal for 
correcting aberrations since, the equal areas of the rectangles 
on either side of this wavelength means equal amounts of 
energy is distributed around this wavelength. 
0101 However, the eye does not respond to all wave 
lengths the same. The photopic response curve, illustrated in 
FIG. 10, shows that the eye is more sensitive to the 
red/green end of the spectrum. The same sort of concept as 
described above can now be used to determine the ideal 
wavelength for correcting aberrations. The ideal wavelength 
gives equal areas under the photopic response curve on 
either side, as shown in FIG. 10. 
0102) In addition to the variation in response of the eye 
to different colors, the present invention may also vary the 
transmission of the contact lens to different colors. This may 
be beneficial to reducing the effects of chromatic aberration 
in the eye. If the contact lens transmission is multiplied by 
the photopic response of the eye, a net response of the eye 
results, as illustrated in FIG. 11. One ideal wavelength is 
based on this net response which again gives equal areas 
under the curve. This ideal wavelength is then used as the 
target for correcting aberrations by the means described 
above. 
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0103 For example, for either a final monofocal or mul 
tifocal lens, one embodiment hybrid contact lens constructed 
according to the present invention contains colorants that 
reduce the transmission at both the blue and red end of the 
visible spectrum thereby narrowing the band of transmitted 
light and potentially shifting the peak of the transmission 
curve of the lens. A contact lens of the present invention may 
therefore include color additives for the purpose of reducing 
light transmission, or color additives for the purpose of 
reducing chromatic aberration. 
0104. An alternative examples utilizes a calculation 
based on the known bandwidth of a pre-existing lens mate 
rial and the output of the monochromatic aberrometry mea 
Surement to determine the optimum lens thickness profile. 
Methods of Manufacturing a Hybrid Contact Lens by 
Chemical Bonding 
0105 The present invention discloses a hybrid contact 
lens that provides clear vision, while featuring high gas 
permeability for enhanced comfort. Methods of manufac 
turing such a hybrid contact lens are described herein with 
respect to FIGS. 1-6. In accordance with the principles of 
the present invention, methods of manufacturing a hybrid 
contact lens by chemical bonding will now be described 
with respect to FIGS. 12-29. More particularly, the methods 
pertain to chemically bonding a substantially flexible hydro 
gel soft skirt portion to a Substantially rigid high DK gas 
permeable core center portion. 
0106 Suitable materials for the substantially flexible 
portion include, but are not limited to: hydroxyethyl 
methacrylate (HEMA); methyl methacrylate (MMA); Ethyl 
methacylate (EMA); aminoaklyl containing acrylate or 
methacrylate: N-vinyl pyrrolidone (NVP); 2-methoxyethyl 
methacrylate (MEMA): ethylene glycol methacrylate 
(EGMA); trifluoropropyl methacrylate; pentafluoropentyl 
methacylate: N,N-dimethylacrylamide (DMA); acrylamide: 
methacylamide; tetramethyldisiloxane ethylene glycol 
dimethacrylate; perfluorophenyl methacrylate: 2-(trimethyl 
siloxyl)ethyl methacrylate; N-fluoroalkyl methacylamide: 
bis(2-methacryloxyphenyl)-propane; (N,N-dimethylamino 
ethyl)methacrylate; and combinations of any of these mono 
mers and/or silicone hydrogel formulations such Cibavision 
lotrafilcon. As would be understood to those of ordinary skill 
in the art, the above list is by no means exhaustive as other 
Soft skirt materials may be employed as the Substantially 
flexible portion without departing from the scope of the 
present invention. 
0107 Suitable materials for the substantially rigid por 
tion include, but are not limited to: fluorosilicone acrylate: 
siliconated, styrene; fluoroacrylate; fluorometharylate, per 
fluorianted acrylate and methacrylate; any high DK or Hyper 
DK gas permeable rigid contact lens bottoms with DK of 70 
(ISO), such as Boston 7 Envision, Boston EO, Boston 
Equales, Boston Equalens 2, Boston XO, Fluoroperm 151, 
Fluoroperm 92, Fluoroperm 92, Fluoro 700, Menicon SE-P, 
Menicon Z; any other high DK materials; and any combi 
nation of these materials. Of course, as would be understood 
to those of ordinary skill in the art, this list is by no means 
exhaustive as other materials may be employed as the 
Substantially rigid portion without departing from the scope 
of the present invention. 
0108) A method of manufacturing a hybrid contact lens 
using a molded cup will now be described with respect to 
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FIGS. 12-15. Referring to FIG. 12, molded cup 100 com 
prises horizontal surface 102, a cylindrical outer wall 104 
disposed substantially normal to horizontal surface 102 and 
a cylindrical inner wall 106. The area within inner wall 106 
comprises a cylindrical inner section 109 for receiving 
Substantially rigid material, and the area between the inner 
and outer walls comprises a cylindrical outer section 111 for 
receiving substantially flexible material. 
0.109 Inner wall 106 preferably comprises a pre-form 
optical grade divider that divides the substantially rigid inner 
portion and the substantially flexible outer portion. In addi 
tion, inner wall 106 preferably is bondable with both rigid 
and flexible materials used to form the contact lens. Suitable 
materials for the molded cup include, but are not limited to, 
polypropylene, polyethylene, polyethylene terephthalate 
(PET), polycarbonate and optical grade plastics. The inner 
and outer walls optionally are coated with an adhesive to 
promote bonding with the flexible and rigid portions. 

0110 Preferably, the molded cup remains part of the 
finished contact lens. Alternatively, portions of the molded 
cup may be removed during the casting process. For 
example, inner wall 106 may be removed after pouring and 
curing the Substantially rigid portion, and outer wall 104 
may be removed after pouring and curing the Substantially 
flexible portion. According to Some embodiments, molded 
cup 100 further comprises a lower cylinder 108 that forms 
lower section 113, which is dimensioned to produce a 
gripping area that conforms to the collet of a computer 
numerically controlled lathe or other machining apparatus. 
In these embodiments, horizontal surface 102 preferably 
includes a central opening 110 such that lower section 113 
may be filled during manufacturing. Alternatively, lower 
section 113 may be pre-filled before manufacturing. Accord 
ing to other embodiments, lower cylinder 108 is not pro 
vided. 

0111. In the illustrated embodiment, inner wall 106 or 
divider 106 is disposed at an angle A with respect to 
horizontal Surface 102. Angle A may be any angle from 
about 5 degrees to about 175 degrees, but preferably is 
selected to maximize the bonding strength between the rigid 
and flexible portions of the contact lens. Inner wall 106 
optionally includes a bend B adapted to further increase the 
bonding strength between the rigid and flexible portions. As 
would be understood to those of ordinary skill in the art, 
many alternative inner wall configurations may be employed 
without departing from the scope of the present invention. 
For example, examples of alternative bonding angles 
between the flexible and rigid portions are described above 
with respect to FIGS. 6 and 6A. Additionally, examples of 
alternative inner wall configurations will now be described. 

0112 Referring to FIG. 13A, molded cup 100 includes 
an alternative inner wall 114 that is disposed substantially 
normal to horizontal surface 102 (i.e., angle A is about 90 
degrees). In addition, inner wall 114 does not include a bend. 
Referring to FIG. 13B, molded cup 100 includes an alter 
native inner wall 116 that is disposed at an acute angle with 
respect to horizontal surface 102. Referring to FIG. 13C, 
molded cup 100 includes an alternative inner wall 118 that 
is disposed at an obtuse angle with respect to horizontal 
surface 102. Referring to FIG. 13D, molded cup 100 
includes an alternative inner wall 120 including a plurality 
of bends B. Bends B preferably increase the bonding 
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strength between the rigid and flexible portions. Addition 
ally, inner wall 120 is disposed at an angle A with respect to 
horizontal surface 102. Similar to the embodiment disclosed 
above with respect to FIG. 12, angle A may be any angle 
from about 5 degrees to about 175 degrees, but preferably is 
selected to maximize the bonding strength between the rigid 
and flexible portions of the contact lens. 
0113 Referring to FIG. 14, a predetermined amount of 
liquefied resin of Substantially rigid material is poured 
within inner section 109 such that the material: (1) fills lower 
section 113 via opening 110, thereby forming gripping area 
128; and (2) substantially fills inner section 109, thereby 
forming substantially rigid portion 126. Then, the molded 
cup is placed into a programmed curing environment and the 
rigid material is cured with heat, UV light, or a combination 
of both. 

0114. Alternatively, a predetermined amount of liquefied 
resin of Substantially rigid material is poured within inner 
section 109 such that the material only fills lower section 
113, thereby forming gripping area 128. Then, the molded 
cup is placed into a programmed curing environment and the 
rigid material is cured with heat, UV light, or a combination 
of both. After curing, an additional predetermined amount of 
liquefied resin of rigid material is poured within inner 
section 109 such that the additional material substantially 
fills inner section 109, thereby forming substantially rigid 
portion 126. Then, the molded cup is again placed into the 
programmed curing environment and the rigid material is 
cured with heat, UV light, or a combination of both. 
0115 Referring to FIG. 15, after curing the substantially 
rigid material, a predetermined amount of liquefied resin of 
substantially flexible material is poured into outer section 
111, thereby forming substantially flexible portion 130. 
Then, the molded cup is again placed into the programmed 
curing environment and the flexible material is cured with 
heat, UV light, or a combination of both. After curing the 
flexible material, the lens is ready to be lathed, or otherwise 
machined, into a finished, fracture-resistant hybrid contact 
lens. 

0116. A method of manufacturing a hybrid contact lens 
using a block mold will now be described with respect to 
FIGS. 16-21. Referring to FIG. 16, block mold 134 com 
prises a pair of halves 136, 138 that are attached along a 
breaking plane 140. Block mold halves 136, 138 preferably 
are symmetric about breaking plane 140. Block mold 134 
further comprises a central void 144, 146 that defines an 
upper section 144 and a lower section 146. Central void 144, 
146 forms an opening 150 in a substantially horizontal top 
surface 152 of block mold 134 such that the upper and lower 
sections may be filled with liquefied resin of the rigid 
material to form the hard portion of the contact lens. 
0117. According to some embodiments, lower section 
146 preferably is dimensioned to produce a gripping area 
that conforms to the collet of a computer numerically 
controlled lathe or other machining apparatus. In these 
embodiments, an opening 148 exists between the upper and 
lower sections such that lower section 146 may be filled with 
liquefied resin during manufacturing. According to other 
embodiments, lower section 146 is not provided. 
0118 Upper section 144 includes an outer wall 156 
formed by an inside surface of the block mold halves. Outer 
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wall 156 forms the shape of the junction between the rigid 
and flexible portions of the contact lens. In the illustrated 
embodiment, outer wall 156 is disposed at an angle A with 
respect to top surface 152. Angle A may be any angle from 
about 5 degrees to about 175 degrees, but preferably is 
selected to maximize the bonding strength between the rigid 
and flexible portions of the contact lens. Outer wall 156 
optionally includes a bend B adapted to further increase the 
bonding strength between the rigid and flexible portions. As 
would be understood to those of ordinary skill in the art, 
many alternative outer wall configurations may be employed 
without departing from the scope of the present invention. 
Some of these alternative outer wall configurations will now 
be described. 

0119 Referring to FIG. 17A, upper section 144 of the 
central void includes an alternative outer wall 158 that is 
disposed substantially normal to horizontal surface 152 (i.e., 
angle A is about 90 degrees). In addition, outer wall 158 does 
not include a bend. Referring to FIG. 17B, upper section 
144 includes an alternative outer wall 160 that is disposed at 
an acute angle with respect to horizontal surface 152. 
Referring to FIG. 17C, upper section 144 includes an 
alternative outer wall 162 that is disposed at an obtuse angle 
with respect to horizontal surface 152. Referring to FIG. 
17D, upper section 144 includes an alternative inner wall 
164 including a plurality of bends B. Bends B preferably 
increase the bonding strength between the rigid and flexible 
portions of the contact lens. 
0120 Referring to FIG. 18, a predetermined amount of 
liquefied resin of Substantially rigid material is poured into 
opening 150 such that the material: (1) fills the area within 
lower section 146, thereby forming gripping area 172; and 
(2) substantially fills upper section 144, thereby forming 
substantially rigid section 170. Then, the block mold is 
placed into a programmed curing environment and the rigid 
material is cured with heat, UV light, or a combination of 
both. Alternatively, a predetermined amount of liquefied 
resin of Substantially rigid material is poured into opening 
150 such that the material only fills the area within lower 
section 146, thereby forming gripping area 172. Then, the 
block mold is placed into a programmed curing environment 
and the substantially rigid material is cured with heat, UV 
light, or a combination of both. After curing, an additional 
predetermined amount of liquefied resin of rigid material is 
poured into opening 150 to substantially fill upper section 
144, thereby forming substantially rigid section 170. Then, 
the block mold is again placed into the programmed curing 
environment and the rigid material is cured with heat, UV 
light, or a combination of both. 
0121 Referring to FIG. 19, after curing the substantially 
rigid material, block mold 134 is broken along breaking 
plane 140 and the cured section of rigid material (compris 
ing rigid section 170 and gripping area 172) is removed from 
the block mold halves. At this point, the surface of the cured 
section of rigid material optionally is primed or coated for 
better bonding. Referring to FIG. 20, a guard 178, 180 
comprising a Substantially horizontal section 178 and a 
cylindrical sidewall 180 is attached on top of gripping area 
172 using a suitable adhesive. Referring to FIG. 21, a 
predetermined amount of liquefied resin of flexible material 
is then poured into the area between rigid section 170 and 
sidewall 180, thereby forming substantially flexible portion 
182. 
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0122) With further reference to FIG. 21, the materials are 
then placed into the programmed curing environment and 
the substantially flexible material is cured with heat, UV 
light, or a combination of both. The hybrid materials (i.e., 
rigid section 170 and flexible section 182) are now primed 
to be lathed, or otherwise machined, into a finished, fracture 
resistant hybrid contact lens. Unlike the embodiment dis 
closed with respect to FIGS. 12-15, there is no wall or 
divider disposed between the rigid and flexible portions. 

0123. A method of manufacturing a hybrid contact lens 
using a base curve mold will now be described with respect 
to FIGS. 22-24. Referring to FIG. 22, base curve mold 
assembly 190 comprises base curve mold 192, inner wall 
194 or divider 194, outer wall 196 disposed around the outer 
circumference of base curve mold 192. Optionally, one or 
more centering webs 198 are provided between the inner and 
outer walls to ensure proper positioning of inner wall 194 
with respect to a vertically disposed base plane 200 that 
passes through the center of base curve mold 192. Inner wall 
194 acts as a separator and junction Surface between the 
rigid and flexible materials. Inner wall 194 preferably is a 
pre-form optical grade divider that is bondable with both 
rigid and flexible materials used to form the contact lens. 
According to some embodiments, inner wall 194 is coated 
with an adhesive to promote bonding with the rigid and 
flexible portions. 

0.124. In the illustrated embodiment, inner wall, 194 is 
substantially vertically disposed (i.e., parallel to plane 200). 
However, similar to the embodiments described above with 
respect to FIGS. 12-21, inner wall 194 may be disposed at 
any angle from about 5 degrees to about 175 degrees with 
respect to a horizontal plane. Through the process of trial 
and error an angle may be chosen that maximizes bonding 
strength between the rigid and flexible portions of the 
contact lens. Inner wall 194 optionally includes one or more 
bends B adapted to further increase the bonding strength. Of 
course, as would be understood to those of ordinary skill in 
the art, many alternative inner wall configurations may be 
employed without departing from the scope of the present 
invention. 

0125 Referring to FIG. 23, a predetermined amount of 
liquefied resin of Substantially rigid material is poured 
within inner wall 194 to fill the area therebetween, thereby 
forming substantially rigid portion 202. Then, the base curve 
mold assembly is placed into a programmed curing envi 
ronment and the rigid material is cured with heat, UV light, 
or a combination of both. Referring to FIG. 24, after curing 
the rigid material, a predetermined amount of liquefied resin 
of substantially flexible material is poured into the area 
between inner wall 194 and outer wall 196, thereby forming 
substantially flexible portion 204. Then, the base curve mold 
assembly 190 is again placed into the programmed curing 
environment and the flexible material is cured with heat, UV 
light, or a combination of both. After curing the flexible 
material, the outer wall and centering webs are removed and 
the anterior surface of the lens is ready to be lathed, or 
otherwise finished. 

0126. A method of manufacturing a hybrid contact lens 
using a base curve block mold assembly will now be 
described with respect to FIGS. 25-29. Referring to FIG. 
25, base curve block mold assembly 210 comprises base 
curve mold 212 and a pair of block mold halves 214, 216 
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that are symmetrically disposed about a vertical plane 218 
passing through the center of base curve mold 212. Base 
curve block mold assembly 210 further comprises a central 
void 222 disposed in the area above base curve mold 212 
between block mold halves 214, 216. Central void 222 is 
adapted to be filled with liquefied resin of the rigid material 
to form the hard portion of the contact lens. 
0.127 Central void 222 includes an outer wall 226 formed 
by an inside surface of the block mold halves. Outer wall 
226 forms the shape of the junction between the rigid and 
flexible portions of the contact lens. In the illustrated 
embodiment, outer wall 226 is disposed substantially par 
allel to vertical plane 218. However, similar to the embodi 
ments described above with respect to FIGS. 12-24, outer 
wall 226 may be disposed at any angle from about 5 degrees 
to about 175 degrees with respect to a horizontal plane. 
Through the process of trial and error an angle may be 
chosen that maximizes bonding strength between the rigid 
and flexible portions of the contact lens. Additionally, outer 
wall 226 optionally includes one or more bends B adapted 
to further increase the bonding strength. Of course, as would 
be understood to those of ordinary skill in the art, many 
alternative outer wall configurations may be employed with 
out departing from the scope of the present invention. 
0.128 Referring to FIG. 26, a predetermined amount of 
liquefied resin of Substantially rigid material is poured into 
central void 222 such that the material fills the area within 
central void 222, thereby forming substantially rigid section 
230. Then, the block mold is placed into a programmed 
curing environment and the rigid material is cured with heat, 
UV light, or a combination of both. Referring to FIG. 27. 
after curing the rigid material, block mold halves 214, 216 
are separated and removed from base curve mold 212. 
Referring to FIG. 28, a curvilinear sidewall 234 is attached 
around the perimeter of base curve mold 212 using a suitable 
adhesive. 

0129 Referring to FIG. 29, a predetermined amount of 
liquefied resin of substantially flexible material is then 
poured into the area between rigid section 230 and sidewall 
234, thereby forming substantially flexible portion 236. The 
materials are then placed into the programmed curing envi 
ronment and the flexible material is cured with heat, UV 
light, or a combination of both. After curing the flexible 
material, the sidewall is removed and the anterior surface is 
lathed, or otherwise finished. 
0.130. A method of manufacturing a hybrid contact lens 
using a using a pre-shape mold assembly including a pre 
machined Substantially rigid center portion as a molded 
insert of a soft-skirt mold will now be described with respect 
to FIGS. 30–33. Referring to FIG. 30, substantially rigid 
center portion 250 is formed and cured before being placed 
in the mold assembly. According to Some embodiments, the 
rigid center portion is pre-coated or pre-treated with an 
adhesive to promote bonding with the flexible outer portion. 
Referring to FIG. 31, pre-shape mold assembly 252 com 
prises a base curve mold 254 and a pair of block mold halves 
256, 258 that are symmetrically disposed about a vertical 
plane 260 passing through the center of base curve mold 
254. 

0131 Pre-shape mold assembly 252 further comprises a 
substantially bowl-shaped void 264 disposed between the 
base curve mold and the block mold halves. Bowl-shaped 
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void 270, 272 comprises an inner portion 270 for receiving 
substantially rigid center portion 250 and an outer portion 
272 that is filled with a substantially flexible material. In 
addition, pre-shape mold assembly 252 preferably includes 
a central void 266 disposed in the area above base curve 
mold 254 between block mold halves 256, 258. Central void 
266 is dimensioned to permit the substantially rigid center 
portion to be inserted into inner portion 270 after it is formed 
and cured. One or more injection apertures 274 preferably 
are provided in the pre-shape mold assembly for filling the 
outer portion of bowl-shaped void 270, 272. 
0132 Referring to FIG. 32, a predetermined amount of 
liquefied resin of Substantially rigid material is injection into 
outer portion 270, thereby forming substantially flexible 
outer portion 276. Then, pre-shape mold assembly 252 is 
placed into a programmed curing environment and the 
flexible material is cured with heat, UV light, or a combi 
nation of both. Referring to FIG.33, after curing the flexible 
material, the mold is separated and the finished contact lens 
is removed from the mold. According to some embodiments, 
the contact lens may require machining of the anterior or 
posterior surfaces before it is ready for use. 
0133) As disclosed above with respect to FIG. 6, the 
bonding angle between the flexible and rigid portions of the 
contact lens may vary from almost 0 degrees to almost 90 
degrees. In addition, the interface between the flexible and 
rigid portions may include a variety of Surface configura 
tions, including, but not limited to, ledges, protuberances, 
Substantially V- or W-shaped projections, serrations, grada 
tions, and any other shape that is not substantially straight, 
or planar. Alternatively, as disclosed above with respect to 
FIG. 6A, a junction may be provided between flexible and 
rigid portions. 
0134) With further reference to FIGS. 30-33, the sub 
stantially rigid portion may comprise one or more of the 
following monomers, monomer mixtures, and their deriva 
tives: trimeththyl-siloxyl: methyl-methacrylate; ethyl-meth 
acrylate; ethylene glycol di-methacrylate; octafluoro pentyl 
methacrylate, tetra-methyldisiloxane; ethylene glycol 
di-methacrylate; pentafluoro phenylacrylate: 2-(trimethylsi 
loxyl) methacrylate; bis(2-metharyloxyphenyl) propane; 
N-2-(N,N-dimethylamino)ethyl: onethacrylate: N-2-(nn 
dimethylamino)ethy; methacryalte; vinyl-pyrolidone; N.N- 
dimathacrylamide; acrylamine; hydroxyethyl methacrylate; 
siloxane ethylene glycol di-methacrylate; trifluoroethyl 
methacrylate; pentafluorostyrene; pentafluoropropyl meth 
acrylate; unsaturated polyester, p-vinyl benzyl hexafluor 
oisopropyl ether, siloxanylalkylamide; and combinations 
thereof. As would be understood to those of ordinary skill in 
the art, many other materials may be used to form the 
Substantially rigid portion without departing from the scope 
of the present invention. 
0135 For the embodiment disclosed with respect to 
FIGS. 30-33, the substantially flexible portion may com 
prise one or more of the following monomer mixtures and 
their derivatives: poly HEMA; hydroxyethyl acrylate; dihy 
droxypropyl methacrylate; polyethylaneglycol, acetoxysi 
lane; trimethylesiloxy; ethyleneglycol-dimethacrylate; phe 
nylethyl acrylate: Zero-gel; Silicon-Hydrogel; polyethylene 
oxide; and combinations thereof. As would be understood to 
those of ordinary skill in the art, many other materials may 
be used to form the substantially flexible portion without 
departing from the scope of the present invention. 
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0.136 For the embodiment disclosed with respect to 
FIGS. 30-33, the pre-treat or pre-coat between flexible and 
rigid portions of the contact lens may comprise an adhesive 
or resin on or more of the following monomer mixtures and 
their derivatives: vinylacetate; trifluoroethanol; methacry 
late; ethanediamine: 2-hydroxyethylmethacrylate (HEMA) 
and other esters of methacrylic acid formulated-from acrylic 
bases; fluorine; silicone; fluorine/silicone; styrene and 
resultant polymers such as polystyrene; fluorine?styrene; 
silicone/styrene; and combinations thereof. As would be 
understood to those of ordinary skill in the art, many other 
materials may be used to form pre-treat or pre-coat without 
departing from the scope of the present invention. 
0.137 Further methods of manufacturing a hybrid contact 
lens according to the present invention involve pouring the 
rigid and flexible materials in the reverse order such that the 
flexible material is poured and cured before the rigid mate 
rial. For the block mold embodiments, this will require the 
creation of blocks that fill the central void such that the 
outer, flexible portion may be poured and cured first. Addi 
tional methods involve pouring both rigid and flexible 
materials at Substantially the same time, then curing the 
materials simultaneously. 
0.138. Additional methods of manufacturing a hybrid 
contact lens according to the present invention involve 
molding or lathing a standard base curve mold with a 
standard or semi-customized front Surface, then using a 
thermal or laser energy to modify the refractive index of the 
center material to a desired optical requirement. Advanta 
geously, these methods replace expensive custom lathing 
and molding operations. Further methods involve molding 
both the posterior and anterior surfaces of the contact lens. 
Other methods involve the application of a mechanical force 
or thermal molding. 
0.139. Alternative manufacturing methods of the present 
invention may include: molding of the posterior Surface and 
diamond turning of the molded blank, contour cutting of the 
anterior Surface of a posterior curve finished blank; etching 
the anterior or posterior surface of a posterior curve finished 
blank or predicate lens anterior or posterior surface; thin film 
deposition of a predicate lens anterior or posterior Surface; 
and laser ablation of a predicate lens anterior or posterior 
Surface. 

0140 Thus, it is seen that a hybrid hard-soft contact lens 
system, method, method of manufacture and article of 
manufacture is provided. One skilled in the art will appre 
ciate that the present invention can be practiced by other 
than the above-described embodiments, which are presented 
in this description for purposes of illustration and not of 
limitation. The description and examples set forth: in this 
specification and associated drawings only set forth pre 
ferred embodiment(s) of the present invention. The specifi 
cation and drawings are not intended to limit the exclusion 
ary scope of this patent document. It is noted that various 
equivalents for the particular embodiments discussed in this 
description may practice the invention as well. 

1-55. (canceled) 
56. A method of manufacturing a hybrid contact lens, 

comprising the steps of: 
providing a mold comprising an inner section and an outer 

section that are separated by an inner wall; 
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pouring liquefied resin of a Substantially rigid material 
within the inner section; 

curing the Substantially rigid material; 
pouring liquefied resin of a substantially flexible material 

within the outer section; and 
curing the substantially flexible material. 
57. The method of claim 56, wherein the inner wall 

comprises a pre-form optical grade divider that divides the 
substantially rigid material and the substantially flexible 
material. 

58. The method of claim 56, wherein the inner wall is 
bondable with the substantially rigid material and the sub 
stantially flexible material. 

59. The method of claim 56, wherein the mold is made 
from a material chosen from the group consisting of 
polypropylene, polyethylene, polyethylene terephthalate, 
polycarbonate and optical grade plastics. 

60. The method of claim 56, further comprising the step 
of coating the inner wall with a UV curable adhesive to 
promote bonding with the Substantially rigid material and 
the substantially flexible material. 

61. The method of claim 56, wherein the inner wall 
remains part of the finished contact lens. 

62. The method of claim 56, further comprising the step 
of removing the outer wall after the step of curing the 
substantially flexible material. 

63. The method of claim 56, wherein the mold further 
comprises a lower section. 

64. The method of claim 63, wherein the step of pouring 
liquefied resin of the substantially rigid material within the 
inner section includes the step of pouring liquefied resin of 
the substantially rigid material within the lower section. 

65. The method of claim 63, wherein the lower section is 
dimensioned to produce a gripping area that conforms to the 
collet of a computer numerically controlled lathe or other 
machining apparatus. 

66. The method of claim 56, wherein the inner wall is 
disposed at an angle with respect to the horizontal Surface. 

67. The method of claim 66, wherein the angle is between 
5 and 175. 

68. The method of claim 66, wherein the angle is selected 
to maximize the bonding strength between the rigid and 
flexible portions of the contact lens. 

69. The method of claim 66, wherein the angle is about 90 
degrees. 
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70. The method of claim 66, wherein the angle is acute. 
71. The method of claim 66, wherein the angle is obtuse. 
72. The method of claim 56, wherein the inner wall 

includes one or more bends for increasing the bonding 
strength between the rigid and flexible portions. 

73. The method of claim 56, wherein the curing steps 
involve the application of heat, UV light, or a combination 
of both heat and UV light. 

74. The method of claim 56 wherein the materials for the 
substantially flexible material are chosen from the group 
consisting of hydroxyethylmethacrylate (HEMA); methyl 
methacrylate (MMA); Ethyl methacylate (EMA): aminoak 
lyl containing acrylate or methacrylate; N-vinyl pyrrolidone 
(NVP); 2-methoxyethyl methacrylate (MEMA): ethylene 
glycol methacrylate (EGMA); trifluoropropyl methacrylate: 
pentafluoropentyl methacylate: N,N-dimethylacrylamide 
(DMA); acrylamide: methacylamide: tetramethyldisiloxane 
ethylene glycol dimethacrylate; perfluorophenyl methacry 
late: 2-(trimethylsiloxyl)ethyl methacrylate: N-fluoroalkyl 
methacylamide; bis(2-methacryloxyphenyl)-propane; (N.N- 
dimethylamino-ethyl)methacrylate; and combinations of 
any of these monomers and/or silicone hydrogel formula 
tions such Cibavision lotrafilcon. 

75. The method of claim 56 wherein the materials for the 
Substantially rigid material are chosen from the group con 
sisting of fluorosilicone acrylate; siliconated, styrene; fluo 
roacrylate; fluorometharylate, perfluorianted acrylate and 
methacrylate; any high DK or Hyper DK gas permeable 
rigid contact lens bottoms with DK of 70 (ISO), such as 
Boston 7 Envision, Boston EO, Boston Equales, Boston 
Equalens 2, Boston XO, Fluoroperm 151, Fluoroperm 92, 
Fluoroperm 92, Fluoro 700, Menicon SE-P, Menicon Z: any 
other high DK materials; and combinations thereof. 

76. The method of claim 56, wherein the mold includes a 
base curve that automatically forms a posterior Surface of 
the hybrid contact lens. 

77. The method of claim 56, further comprising the step 
of lathing the cured lens materials to form anterior and 
posterior lens Surfaces. 

78. The method of claim 77, wherein surface modifica 
tions to correct aberrations of the lens-eye system are 
provided on the anterior and/or posterior Surfaces. 

79. The method of claim 77, wherein the surface profile 
of the anterior and/or posterior surface is modified to contain 
a multi-focal feature for the correction of presbyopia. 

k k k k k 


