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ABSTRACT

A method and apparatus for the manufacture of lens molds used in the formation of

optical contact lenses, the apparatus comprising a center gate aligned on the central axis of the

lens mold cavity for delivery of the melt polymer in an axisymmetrical manner. The

methodology produces lens molds of extremely precise dimensions as measured against lens

molds produced with side gated technology.
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. APPARATUS AND METHOD FOR PRODUCING CENTER GATED LENS MOLDS
FOR CONTACT LENS MANUFACTURE

BACKGROUND OF THE INVENTION

This invention relates generally to improved high precision lens molds for use in the
manutacture of very thin contact lenses and to the method and apparatus for making the improved
lens mold. Lens molds are usually produced in matched pairs from thermoplastics and the
combination of matched pairs forms the mold cavity to define the optical contact lens. More

particularly, the invention relates to precision lens molds made by filling a mold cavity through

a center gate on the central axis of the mold cavity rather than through a side gate on the edge

of the mold cavity.

As 1s known in the art, optical contact lenses are typically manufactured by dosing a UV
curable polymer into a concave front. or optical, curve lens mold and mating a convex back or
base curve lens mold onto the front lens mold to create a filled mold cavity. The front lens mold
and base lens mold are injection molded from a thermoplastic polymer, such as polystyrene.
Standard practice is to form the front and back lens molds by injecting the liquid polymer into
a closed mold through a side gate along the edge of the closed mold cavity, with a corresponding
outlet gate positioned on the opposite side of the closed mold cavity. The liquid polymer enters

the edge of the cavity and flows across the cavity to completely fill it. This side gate method

for formation of a circular spherical part leads to a lack of precision from non-uniform.
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asymmetric flow and non-uniform plastic shrinkage in different directions with respect to radius.

dimensional instability, surface radius irregularity, flatness, roundness and especially knife edge

radius uniformity. The lack of knife edge uniformity subsequently leads to misalignment, known

as decentration or tilt, when the base lens mold is joined to the front lens mold in the

be mainuained within acceptable levels since the tolerances are relatively large for lenses with

thicknesses of 70 to 230 microns or more. However. it is desirable 1o improve manufacturing

yteld of typical contact lenses as well as to manufacture very thin contact lenses with thicknesses
on the order of 50 microns to improve oxygen transmission. user comfort and optical properties.
Such lenses require a lens center thickness tolerance in the range of only +/-5 microns. Such
a precise thin lens cannot be consistently manufactured using lens molds produced from present
side gate methodology, the irregularities resulting in the lens molds from asymmetrical polymer
flow across the curved mold cavity being well outside the sniall tolerance ranges for various

measurement parameters.

[t is the universally held position by those knowledgeable in the art that gates should be
located only in non-critical areas of plastic parts, and therefore center 'gating has not been
considered possible for production of mold curves used to make precision optical lenses because
of the inherent flow disturbances and sink mark aberrations occurring near the gate location.
which in the case of the lens mold is an extremely critical area. Additionally, since the center

gate must by necessity be on the non-critical side of the lens mold. the Injection molding
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processing would be more difficult due to the reduced amount of polymer subjected to proper -
melt pressure. It has been found however that such problems can be overcome and that a lens
mold within precise tolerances can be manufactured using center gate methodology. The use of
center gating for delivering liquid polymer into a circular spherical mold cavity as herein
described better ensures uniform filling of the cavity because of axisymmetric flow, which results
in more uniform shrinkage and therefore improved physical properties of the resulting lens mold.

[t 1s an object of this invention to provide a method and apparatus for the manufacture of
precision lens molds suitable for use in the manufacture of contact lenses. the lens mold being
manutfactured by center gate processing methodology. It is a further object to provide such a
method and apparatus for the manufacture of precision lens molds suitable for the manufacture
of very thin contact lenses on the order of 50 microns in lens center thickness. It is a further
object to provide a particularly defined mold core in combination with a particularly defined
liquid polymer injection probe means to practice the method of the invention. It is a further

object to provide such method and apparatus whereby both the front lens molds and back lens

molds may be produced using center gated technology.

SUMMARY OF THE INVENTION

The invention is an apparatus and method of manufacturing lens molds for the production
of optical contact lenses, the lens mold being center gated at the central axis. as well as the

resulting lens molds formed by this process. The lens molds are manufactured of a thermoplastic
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material, which may be either crystalline or non-crystalline due to the axisymmetrical nature of -
the lens mold configuration. The lens mold has a circular perimeter formed by a flat annular
flange which surrounds and extends from a spherical central portion having a convex side and
a concave side. One side of each lens mold, the concave side tor a front lens mold and the
convex side for a back or base lens mold, 1s defined as the critical side and must pass extremely
tight tolerance parameters. The lens molds are typically between approximately 0.8 to 1.0 mm
thick, the molding cavity being formed by a mated core member and an insert member. the insert
member torming the critical side of the part and being manufactured to extremely high tolerances
of less than 1 micron. A center gate 1s located in the core member at the central axis of the
mold cavity, the gate comprising a tubular conduit between approximately 0.8 to 1.2 mm in
length and from approximately 0.5 to 1.2 mm in diameter, with a slight flaring of approximately
2 degrees, the diameter of the gate being slightly larger at the exit end adjacent the mold cavity
than at the gate entrance. The edge at the juncture of the gate and the mold cavity is chamfered
or radiused. The core member expands and enlarges backward in a conical, bell-shaped or flared
manner beginning at the entrance of the gate to form a reserve area to receive any excess liquid
polymer after the mold cavity has been filled and to provide space to receive the liquid polymer
delivery means. The polymer delivery means 1s comprised of a polymer delivery probe or nozzle
configured with a tapering nose, having a delivery conduit of between approximately 0.5 10 1.2
mm in diameter, and 1s positioned with its tip between approximately 0.5 to 1.3 mm from the
entrance of the gate. The probe and insert member are composed of a material having high heat

conductivity and the polymer dosing i1s performed using high precision injection molding

equipment. The lens mold produced by the apparatus is extremely precise due to axisymmetrical
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flow and shrinkage, having measurable critical values with much smaller deviation
than the deviation of similar values in lens molds produced with side gated
technology.

The present invention provides an apparatus for use in an injection molding
device for manufacture of lens molds used for formation of optical contact lenses, said
apparatus comprising:

(A) a curve insert member and a core member adapted to form 1n combination
a mold cavity having a central axis, said mold cavity configured as a partial sphere
with a generally planar annular flange extending from said partial sphere, said core
member comprising a center gate aligned on said central axis, and

(B) means to inject liquid polymer through said center gate along said central
axis and into said mold cavity:.

The 1invention further provides a method of manufacturing a lens mold for
producing optical contact lenses, the method comprising the steps of providing an
injection molding apparatus capable of delivering liquid polymer into a mold cavity
having a central axis, said mold cavity configured as a partial sphere with a generally
planar annular flange extending from said partial sphere, providing a curve insert
member and a core member within said injection molding apparatus which in
combination form said mold cavity, said core member haviné a center gate aligned on
said central axis, delivering liquid polymer into said mold cavity through said center
gate, curing said liquid polymer in said mold cavity to form a lens mold, and
removing said lens mold.

The invention still further provides a lens mold for use in manufacturing
optical contact lenses, said lens mold comprising a flat annular flange extending from
a spherical central portion, a critical side, a noncritical side, a cured polymer sprue
extending from the spherical central portion on the noncritical side, and a centrally
located sink mark site on the critical side opposite the sprue, said lens mold having a
thickness variation of less than 1 micron at the sink mark site, said lens mold
produced by a process comprising the steps of: providing an injection molding
apparatus capable of delivering liquid polymer into a mold cavity having a central
axis, said mold cavity configured as a partial sphere with a generally planar annular

tlange extending from said partial sphere; providing a curve insert member and a core
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member within said injection molding apparatus which 1n combination form said
mold cavity, said core member having a center gate aligned on said central axis;
delivering liquid polymer into said mold cavity through said center gate; curing said

liquid polymer in said mold cavity to form a lens mold; and removing said lens mold.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a cross-sectional detail view of the critical area of the injection
molding apparatus for production of a front lens mold.

Figure 2 1s a cross-sectional detail view of the critical area of the injection
molding apparatus for production of a back lens mold.

Figure 3 1s a perspective view of a front lens mold.

Figure 4 1s a perspective view of a base lens mold.

Figure 5 1s a cross-sectional view of a contact lens as formed within the mold
cavity created by combining a front lens mold and a base lens mold produced

according to the invention.
DETAILED DESCRIPTION OF THE INVENTION

With reference now to the drawings, the invention will be described 1n detail
with regard to the best mode and preferred embodiment. Figures 1 and 2 are details
1llustrating the critical portion of a melt delivery apparatus in the vicinity of the mold

cavity, the melt delivery apparatus

Sa
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wbeing a precision injection molding apparatus for delivering molten polymer into a moid cavity -

under heat and pressure for formation of a plastic part. in this case a lens mold for subsequent

use in the manufacture of a contact lens.

Figure 1 illustrates the apparatus for production of a front lens mold 30, shown in Figure

3. under the methodology of the invention. The front lens mold 30 is configured as a partially
spherical object with a concave side 31 and a convex side 32, defined in general as a portion of
a sphere sliced by an imaginary plane to provide a generally circular perimeter. An annular.
generally planar flange 33 surrounds and extends from the partial spherical portion around the
circular perimeter. A mold cavity 11 is created by mating a front curve insert 12 and a core
member 13 within separable mold block halves 98 and 99. The mold cavity 11 is configured as
a portion of a sphere having a convex side 14 and a concave side 15, with a peripheral portion
to form the annular flange 33 of the front lens mold 30 centered on the central axis. The front
curve insert 12 is a precisely machined member fixed within the mold block back half 99 of the
injection molding apparatus, the convex surface 14 of the front curve insert 12 forming the
curved mold wall for the critical concave side 31 of the front lens mold 30 to be produced. The
front curve insert 12 may be of the standard multi-part stacked assembly requiring one or more
shims or bushings for proper alignment, but i1s preferably constructed as a unitary member
precisely machined to provide correct alignment and positioning relative to the core member 13.

The core member 13 is a member fixedly inserted within the mold block front halt 98 ot
the injection molding apparatus. The forward concave surface 15 of the core member 13 torms

the curved mold wall for the non-critical side 32 of the mold cavity 11. Coaxially positioned on

the central axis of the spherical concave surface 15 i1s center gate 16. generally circular in cross-
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section, which comprises a gate exit 51 having a radiused or chamfered edge 52 along the -
juncture between the gate 16 and the concave surface 15 of the mold cavity 15, a slightly tapered
channel 53 and a gate entrance 54 for receiving the liquid polymer. the channel 53 increasing in
diameter at the rate of approximately 2 degrees from the gate entrance 54 to the gate exit S1.
Preceding the entrance 54 of the center gate 16 is a polymer receiving reservoir 17 formed by
a conical wall 18 which adjoins the entrance 54. Conical wall 18 1s preferably formed at an
angle of approximately 45 degrees to the central axis. The polymer recetving reservoir 17.1s
constructed to receive excess liquid polymer when the center gate 16 and the mold cavity 11 are
completely tilled during the injection step, and also provides the access means for positioning ot
the polymer injection probe or nozzle 20 which delivers the liquid polymer under heat and
pressure to the center gate 16 and the mold cavity 11. The injection probe 20 has a tapered nose
21 having a conical wall 22 and ending in a probe tip 23 containing a cylindrical delivery conduit
24. The probe wall 22 and the polymer reservoir wall 18 are substantially parallel or
increasingly separated in the direction away from the center gate 16 in order to create a non-
restricting flow channel for the excess polymer. Preferably, for a polymer reservoir wall 18 at
45 degrees to the central axis, the probe wall 22 is configured at a 30 degree angle off the central
axis. The probe 20 is connected to the general liquid polymer delivery means of the injection
molding apparatus. The probe 20 and front curve insert 12 are composed of high strength, high
heat conductivity materials, such as nickel coated brass or stainless steel.

The dimensions of the various components are critical, as is the relationship between the

dimensions of the components. For the formation of a front lens mold approximately 1.0 mm

in thickness, the internal diameter of the center gate 16 should be between approximately 0.6 o
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1.2 mm, with a preferred diameter of approximately 0.75 mm, and the axial length of the
channel 53 should be between approximately 0.8 to 1.2 mm, with a preferred length ot
approximately 1.0 mm. Increasing the center gate 16 diameter to greater than 1.2 mm resuits
in unacceptable enlargement of the sink mark depression on the critical side 31 of the front lens
mold 30. Decreasing the diameter of the center gate 16 reduces the sink mark depression, but
the diameter must be kept greater than approximately 0.6 mm to insure sutficient flow volume
to completely fill the mold cavity 15. The internal diameter of the delivery conduit 24 of the
probe 20 should be generally equal to or greater than the diameter of the entrance 54 of the
center gate 16. For a center gate 16 diameter ot 0.75 mm, the internal diameter of the delivery
conduit 24 is preferably 1.0 mm. The distance between the probe tip 23 and the entrance 54 of
the center gate 16 is very critical to insure proper tlow into the mold cavity 16, the precise
distance being dictated by the dimensions of the center gate and the polymer flow characteristics.
The distance from probe tip 23 to center gate entrance 54 is between approximately 0.8 to 1.3
mm, and is preferably approximately 1.06 mm in the heated state for the front lens mold.
For production of the base lens mold 40 as shown in Figure 4, the overall apparatus is
very similar to that described above, with the required change in the configuration of the mold
cavity 15 as shown in Figure 2, such that the polymer flow direction is reversed within the mold
cavity 15 instead of being a continually forward flow as in the mold cavity 15 for the front lens
mold 30. Like the front lens mold 30, the back lens mold 40 has a convex side 41, a concave
side 42 and an annular flange 43. Here the back curve insert 19 member has a concave surface

25 which becomes the mold wall for the critical convex side 41 of the base curve mold 40. The

core member 13 is now configured such that the cavity end has a convex surface 26 to form the
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non-critical concave side 42 of the base lens mold 40. The mold cavity 15 for a base lens moid -
40 is typically approximatety 0.8 mm in thickness. The dimensions and spatial relationship for
the center gate 16 and probe 20 are adjusted due to the reverse flow required to fill the mold
cavity 15 of the base lens mold 40. The center gate 16 diameter is smaller, being between
approximately 0.5 to 1.0 mm, and preferably approximately 0.6 mm. Preferably, the internal
wall 18 of the polymer receiving reservoir 17 is radiused rather than planar. and the conical wall
22 of the injection probe 20 is narrower, angled at approximately 22.5 degrees off the central
axis. The delivery conduit 24 is also smaller, being sized at approximately 0.8 mm for a 0.6 mm
center gate 16. The distance between the probe tip 23 and the center gate entrance 54 is between
approximately 0.5 to 1.0 mm, and preferably approximately 0.72 mm in the heated state.

To fabricate the center gated lens molds 30 or 40, the injection molding apparatus 1s
assembled with the components set forth above. Processing parameters are determined by the
particular characteristics of the polymer being utilized. For polystyrene, a polymer commonly
used in the formation of lens molds, the probe 20 is heated to approximately 570 degrees F and
the core member 13 and curve insert 12 or 19 is heated to approximately 150 degrees F. For
injection and fill of the liquid polymer, peak pressure is preferably approximately 18,000 psi and
hold pressure is maintained at approximately 6,000 psi. Cure time is between approximately 6

and 10 seconds. Because of the axisymmetrical flow from the center gate 16 into the mold cavity

11, it is now possible to use crystalline polymers, such as polypropylene, for production of the

lens molds. Polypropylene is not suitable for use with side gated technology because its highly

directional shrinkage results in unacceptable variations in the finished product. For

polypropylene, the temperatures are slightly lower - the probe 20 being maintained at
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approximately 420 degrees F and the core member 13 and curve insert 12 or 19 being maintained -
at approximately 130 degrees F. The polymer is dosed in a predetermined volume to insure
complete fill ot the mold' cavity 15. with excess polymer flowing into the receiving recess 17.
The resulting front lens mold 30 and base lens mold 40 produced by this methodology are
shown in Figures 3, 4 and 5. The lens molds 30 and 40 separate from the waste material
adjacent the entrance 54 of the center gate 16, such that a sprue 61 of cured polymer extends
from the non-critical sides 32 and 42 of each of the front lens mold 30 and base lens mold 40.
Because the molding of the contact lens 90 occurs between the critical sides 31 and 41, the sprues
61 do not interfere. Since production of contact lenses with center of lens thicknesses in the
range of 50 microns requires tolerances at most of +/-5 microns, there are a number of critical
areas on the lens molds 30 and 40 which must be maintained within precise parameters. Of
particular importance are the surface and edge characteristics of the critical sides 31 and 41.
Application of the methodology set forth above produces lens molds 30 and 40 with thickness
variations less than 1 micron in magnitude at the centrally located sink mark site, and the use of
the center gate 16 produces uniform axisymmetrical fill in all radial directions, resulting in an
improved knife edge 62 at the junction between the front lens mold 30 and the base lens mold
40. Variation in knife edge measurements for side gated front lens molds typically range up to
25 microns. whereas variations in knife edge measurements for center gated front lens molds are
less than 2 microns. Mean peak to valley measurements, performed on a Zygo interferometer,
can typically range up to 3 wave for side gated lens molds, while mean peak to valley values for
center gated lens molds are less than 1 wave. The center gated methodology produces front lens

molds having variation in sagittal depth of only plus or minus 3 microns.

10
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To manufacture a contact lens 90 with a center of lens thickness on the order of 50 -
microns, a front lens mold 30 and a base lens mold 40 are produced according to the process set
out above. Preferably, the apparatus 1s constructed such that multiple lens molds are produced
simultaneously. The front lens mold 30 is then placed in a holding fixture and dosed with a UV-
polymerizable polymer of a type well-known in the art. The base lens mold 40 is then combined
with the front lens mold 30 as shown i‘n Figure 5 to create the mold cavity of correct shape.
Pressure i1s applied to the base lens mold 40 to properly seat and 'mai.ntain It in correct alignment

with front lens mold 30, and the liquid polymer is exposed to UV energy to cure the polymer.

‘After curing, the mold cavity is opened and the cured polymer contact lens 90 is removed for

subsequent processing.

11
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What 1s claimed is:

1. An apparatus for use in an injection molding device for manufacture of lens molds

used for formation of optical contact lenses, said apparatus comprising;:

(A) a curve insert member and a core member adapted to form in combination
a mold cavity having a central axis, said mold cavity configured as a partial sphere
with a generally planar annular flange extending from said partial sphere, said core

member comprising a center gate aligned on said central axis, and

(B) means to inject liquid polymer through said center gate along said central

axis and 1nto said mold cavity.

2. The apparatus of claim 1, where said means to inject liquid polymer comprises a
polymer injection probe comprised of a tapered nose, a conical wall, a delivery

conduit and a probe tip.

3. The apparatus of claim 2, where said center gate comprises a gate entrance and

said probe tip is separated a distance from said gate entrance.

4. The apparatus of claim 3, where said probe tip is positioned approximately 0.5 to

1.3 millimeters from said gate entrance.

5. The apparatus of any one of claims 1 to 4, where said center gate comprises a

tapered channel.

6. The apparatus of any one of claims 1 to 4, where said center gate comprises a gate

exit having a chamfered edge.

7. The apparatus of any one of claims 1 to 6, where said center gate has a diameter of

approximately 0.5 to 1.3 millimeters.

8. The apparatus of any one of claims 1 to 7, where said center gate has an axial

length of approximately 0.8 to 1.2 millimeters.

12
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9. A method of manufacturing a lens mold for producing optical contact lenses, the
method comprising the steps of providing an injection molding apparatus capable of
delivering liquid polymer into a mold cavity having a central axis, said mold cavity
configured as a partial sphere with a generally planar annular flange extending from
said partial sphere, providing a curve insert member and a core member within said
injection molding apparatus which 1n combination form said mold cavity, said core
member having a center gate aligned on said central axis, delivering liquid polymer
into said mold cavity through said center gate, curing said liquid polymer in said mold

cavity to form a lens mold, and removing said lens mold.

10. The method of claim 9, further comprising the step of providing a polymer
injection probe and positioning said polymer injection probe so as to be separated

from said center gate.

11. The method of claim 10, further comprising the step of providing said center gate
with a gate entrance, a channel and a gate exit, where said center gate is
approximately 1.0 millimeter in length and between approximately 0.7 to 1.0

millimeters in diameter.

12. The method of claiam 11, where said polymer injection probe is positioned

approximately 0.7 millimeters from said gate entrance.

13. The method of claim 9, where said step of delivering liquid polymer comprises

delivering a crystalline polymer.
14. The method of claim 13, where said crystalline polymer is polypropylene.

15. A lens mold for use in manufacturing optical contact lenses, said lens mold
comprising a flat annular flange extending from a spherical central portion, a critical
side, a noncritical side, a cured polymer sprue extending from the spherical central
portion on the noncritical side, and a centrally located sink mark site on the critical
side opposite the sprue, said lens mold having a thickness variation of less than 1

micron at the sink mark site, said lens mold produced by a process comprising the
13
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steps of: providing an injection molding apparatus capable of delivering liquid
polymer into a mold cavity having a central axis, said mold cavity configured as a
partial sphere with a generally planar annular flange extending from said partial
sphere; providing a curve insert member and a core member within said injection
molding apparatus which in combination form said mold cavity, said core member
having a center gate aligned on said central axis; delivering liquid polymer into said
mold cavity through said center gate; curing said liquid polymer in said mold cavity to

form a lens mold; and removing said lens mold.

16. The lens mold of claim 15, where said lens mold is composed of a crystalline

polymer.

17. The lens mold of claim 16, where the crystalline polymer is polypropylene.

18. The lens mold of claim 15, where the lens mold has mean peak to valley values of

less than 1 wave as measured on a Zygo interferometer.

19. The lens mold of claim 15, where the lens mold has a variation in sagittal depth of

only plus or minus 3 microns.

14
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