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10  insert component having an optical quality surface which forms a surface of an

injection mold. An adhesive is used to fixedly attach the electroform mold insert to a

separately machined mold insert substrate.

The subject invention provides substantial reductions in the cost of manufacturing soft
15  contact lenses produced by replicated mold inserts in an automated manufacturing and

molding process wherein a replicated mold insert is used to manufacture optical grade

plastic mold parts, each of which is used only once to mold a soft contact lens therein

and is then disposed of.

20 2. Discussion of the Prior Art

The state of the art of manufacturing hydrogel soft contact lenses has progressed to
aﬁtomated molding systems and assembly lines in which each hydrogel soft contact
lens is formed by sandwiching a monomer between front curve (FC) and back curve
(BC) mold section halves. The monomer is polymerized to form a lens, which is then
25 removed from the mold section halves, further treated and then packaged for consumer

use.

In a typical prior art soft contact lens manufacturing process, metal inserts are used in
an injection molding machine in an injection molding process to produce many

30 thermoplastic injection molded front curve (FC) molds and back or base curve (BC)



In a typical prior art soft contact |ens manufacturing process, netal

inserts are used in an injection nolding machine in an iﬁ‘*ﬁ‘& uSoow! di ng
- process to produce nmany 30 thernoplastic injection nolded front curve (FC)
mol ds and back or base curve (BC) 31 August 2006 nolds, each of which FC
and BC nolds is subsequently used only once to nold a single soft hydrogel
contact lens. In this process, the thernoplastic FC nold is dosed wth
contact |lens form ng nononer, the BC nold is carefully placed upon the FC

nold and the t nol l.ves_pre tqgether, with excess nononer, being
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surface. 20 The FC and BC nol ds .be. manuf.actured .from any theyrnopl.astic
material whi cH§ue 1&%&5? @fgg?“o_aéfﬁ%‘?’}?} WEFi %A YR eaoaﬂam% EHOBPBUTHES t he
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The FC mold half 10 defines a central curved section with an optical quality concave
surface 12, which has a circular circumferential well defined sharp edge 16 extending
15 therearound. The sharp edge 16 is desirable to form a well defined and uniform
plastic radius parting line (edge) for the subsequently molded soft contact lens.
Similarly, the BC half 12 defines a central curved section with an optical quality

convex surface.

20  The FC and BC molds may be manufactured from any thermoplastic material which is
capable of being injection molded and which provides the final cast lens with the
required optical properties, with preferred materials for mold frames being polystyrene
and polypropylene. To injection mold the FC and BC molds, injection metal tool
inserts of the required configuration are typically machined and mounted in the

25  injection molding machine. The injection molded FC and BC molds are close and
reproducible inverse reproductions of the injection metal mold inserts, and the
resultant molded contact lenses are close and reproducible reproductions of FC and

BC molds.



inserts of the required configuration are typically machi ned and nmounted in
the 25 injection nolding machine. The injection nolded FGQ §=o ds are

- close and reproduci ble inverse reproductions of the injecti netal nold
i-nserts, and the resultant nolded contact |enses are close and reproducible
reproductions of FC and BC nolds. 2 31 August 2006 The injection nold
inserts disclosed and illustrated in U.S. Patents 5,702,735 and 5, 861, 114,
are two piece steel inserts which have extrenely long lives, but require
costly stacki .and.al i gni.n ratlons .Quri . [ i,nj ection
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and al i gni ng ©p&y %ml@rp&ar@ﬁugn@g@@@rém uripg egsemply inff) Be ineHionseld. 10 Ot her
prior art injection nold inserts are single piece nold inserts and elimnate
the need for stacking, but have reduced |ives conpared to steel nold
inserts. SomeSdmid grioraktitwo pieee kieelnnjeotich molkandests hawsh 2006 vemrdskiga thidhng toric
contact |lens _products are single piece brass inserts of short life, with no
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brazi ng i s ndntogthvimditionasdénbl y net hod thereof, and neither is soldering a
viable 20 assenbly nethod. SUMVARY OF THE | NVENTI ON
10 Other prior art injection mold inserts are single piece mold inserts and eliminate the

need for stacking, but have reduced lives compared to steel mold inserts.

Some prior art injection mold inserts used for manufacturing toric contact lens
products are single piece brass inserts of short life, with no stacking and aligning

15  requirement.

An electroform can be attached to a mold substrate by brazing, but the brazing step
causes unacceptable distortion of the optical quality surface of the mold insert, such
that brazing is not a viable assembly method thereof, and neither is soldering a viable

20  assembly method.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the present invention to provide an injection
mold insert and a method of fabricating an injection mold insert for molding lens

25 molds which reduces the cost of injection mold inserts, reduces the variability of
substantially identical replicated injection mold inserts, extends the range of injection

mold inserts, and maintains the capabilities of existing injection mold inserts.

The present invention provides an injection mold insert and a method of fabricating an

30  injection mold insert for molding lens molds which provides a plurality of replicates of



Accordingly, it is a primary object of the present invention to provide an
injection nold insert and a method of fabricating an inj Q‘EtAmsﬂN(ﬁ i nsert
for nolding lens 25 nolds which reduces the cost of injection nold inserts,
reduces the variability of substantially identical replicated injection nold
inserts, extends the range of injection nold inserts, and maintains the
capabilities of existing injection nold inserts. The present invention

provi des an injection nold insert and a nethod of fabricating an 30
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the electroformnold i nsert conponent by an adhesive. The present invention
provi des arf i njteachédon thadleptioderar mokdhaset ¢nmpondntdly anedhésivet i ng nol d inserts
whi ch provides substantial reductions in the cost of manufacturing soft

contact | enses produced by the replicated nold inserts in an autonmated

manuf act uri ng THOpregt ekt ohproviaeLESinjeBitbrinoldERe M laGhethdd JHepBEMENGS The
foregoi ng objects and advantages of the present invention for a method of
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the foll ow ng detail escription severa nent s ereof, tdken in
conj unct i om wi arid hbldinggremspanyi ng drawi ngs wherein |ike el enents are

designated by identical reference

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing objects and advantages of the present invention for a method of
fabricating an injection mold insert for molding lens molds may be more readily |

15  understood by one skilled in the art with reference being had to the following detailed
description of several embodiments thereof, taken in conjunction with the
accompanying drawings wherein like elements are designated by identical reference

numerals throughout the several views, and in which:

20  Figure 1 is a side elevational sectional view of a typical prior art mold assembly which
includes a front curve mold half and a back curve mold half which define a volume

therebetween in which a soft contact lens is molded.

Figure 2 is a front perspective view of an electroform-manufactured front or base

25  curve mold insert constructed pursuant to the teachings of the present invention.

Figure 3 is a sectional view through the center of the electroform manufactured mold
insert of Figure 2, and illustrates in greater detail the assembly of an electroform
manufactured optical quality electroform insert component to a substrate insert

30 component by an adhesive pursuant to the teachings of the present invention.



nunmeral s throughout the several views, and in which: 20 Figure | is a side
el evational sectional view of a typical prior art nold asgpiipysiduiosh
includes a front curve nold half and a back curve nold half which define a
vol ume therebetween in which a soft contact lens is nolded. Figure 2 is a
front perspective view of an el ectrof orm manufactured front or base 25
curve nold insert constructed pursuant to the teachings of the present
invention. Figure 3 is a sectional view through the center of the

el ectrof orm manufactured nold insert of Figure 2, and illustrates in
greater detail the assenbly of an electroform manufactured optical quality
el ectrof orm i rBETAILEDHDESGRIPTION OB NHERINVENIION 30 conponent by an

adhesi ve pursuant to the teachings of th resent invention. 4 31 August
2006 DETAI LE Bk Ro B ests v Eon ROEA A BRE5tS L4ToHgPteal fampeasihiave an
optical qualityeSpbhaafd 410 rdf WAk e SRTRARGRISfbHORE ETROMmBRdrar e

relatively expensive and difficult to fabricate. The nunber of 5 optical
mol d i nsertss repgwalmecldfingerts heguedifoe the @mmerodUproilention of saft torsamieases Widlhses
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continued i Nt @RS HIND mceéasaggﬁiﬁeamuﬁr&fe fufre With @ ohtinied ih&Sduclbs of Adw Al |
optical nold inserts in a nold block should in principle be identical, and
as a practi caprodusts ©r bifpealy, farigs.e¥c.of a master nold insert should be
sufficiently closely identical to the master nold such that the final end
products of soft contact |enses are comercially acceptable products. It
woul d be atd r aallioptical inodd Risertd ie ammsd ®tockphouddiin priveipde beslenticalreaniianad, f or
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identical to the master mold such that the final end products of soft contact lenses are

commercially acceptable products. It would be attractive if a single master optical
mold insert machined, for example, by single point diamond turning could be
15  reproduced or replicated to produce multiple replicated copies thereof, which would

result in a substantially less costly manufacturing process for the soft contact lenses.

Electroform pulse-plating is a process which potentially can be used for this purpose,
with the application of an electroforming process to the production of replicated

20  optical mold inserts. Usually only a thin shell of a metal such as nickel which
reproduces only one surface is fabricated by an electroforming process, whereas
optical mold inserts are solid three dimensional parts which require precise accurate

- overall dimensions.

25  Moreover, the thermal conductivity of the replicated optical mold inserts must be high,
uniform and controlled as the mold inserts should be capable of being rapidly heated

and cooled during the commercial molding process.

If only an optical top part or portion of a master optical mold insert is replicated or

30  copied, the replicated top part must be capable of being joined to a substrate or base



15 reproduced or replicated to produce nultiple replicated copies thereof,
which would result in a substantially |less costly manufa i ess for
the soft -.contact |enses. Electroformpulse-plating is a %?gﬁgggtaﬁgﬁh
potentially can be used for this purpose, wth the application of an

el ectrof orm ng process to the production of replicated 20 optical nold
inserts. Usually only a thin shell of a netal such as nickel which
reproduces only one surface is fabricated by an el ectrof orm ng process,

whereas opti cal | d insertg.are sqli.d three dinensional parts whic
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tol erance. Al semmgsciplly srceptalle &erangesn nust be relatively uniformand not
have any air-gaps. It is particularly inportant in the replication of nold
inserts that the replicated nold inserts have a | ongitudinal height 5 or
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of the thickness of the deposited or plated |ayer. Thlsfprocess is’currently
- being used to produce high precision optical molds for mixed di

fractive and regular
optics. The electroform pulse-plating process disclosed in patent application EP 0 835
335 B1, published on September 8, 1999, is applicable and suitable to the present
invention. However, other prior art electroform pulse-plating processes may also have

15 utility in the practice of the present invention.

Figure 2 is a front perspective view of an electroform-manufactured base or front
curve mold insert 20. Figure 3 is a sectional view through the center of the -
electroform-manufactured mold insert 20 of Figure 2, and illustrates in greater detail
20  the assembly of an electroform-manufactured, optical quality, electroform insert mold
component 22 to a substrate insert mold component 24 by a suitable 26 pursuant to the

teachings of the present invention.

The mold insert 20 shown in Figures 2 and 3 can be manufactured by using a mandrel
25  or master mold, from which many electroform insert components 22 as shown in

Figures 2 and 3 are reproduced.

The mandrel is preferably produced by precise machining of the optical quality

surface thereof, such as by diamond point machining. The optical quality surface of



bei ng used to produce high precision optical nolds for m xed diffractive and
regul ar optics. The el ectrof orm pul se-pl ating process di S$¢lAmgdt 2006pat ent
“application EP 0 835 335 B 1, published on Septenber 8, 1999, is applicable
and suitable to the present invention. However, other prior art electroform
pul se-pl ating processes may al so have 15 utility in the practice of the
present invention. Figure 2 is a front perspective view of an

el ectrof orm manuf actured base or front curve nold insert 20. Figure 3 is a

sectional Vi e niahetedts théttusedid eectdforhh@anietieatofoind imementpaehisrazd nol d
insert 20 of Figure 2, and jllustrates in greater detail 20 the assenbly of
an el ectrof orWFWﬁﬁbY&EF\?F@h(O“BQNCE@ AWy in Bt rof orm i nsert nol d
conponent 22 to a substrate insert nold conmponent 24 by a suitable 26
pursuant to the teachings of the present invention. The nold insert 20
shown i n Fi guTlkesmandzelctasd be arodneedmraolid b pidcdmandrel gr dtemmenivelyl the 25 or
master nold, fromwhich many el ectrof orminsert conponents 22 .as shown in

Figures 2 Sandmandiplean b pEryeedias anwe niges dranarslovbaraip dheenticaluslifycwatags is
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di anond poi nt I ng. The optical quality surface of 1 August 2006
t he mandrel i @ompmnnuieéotm theebmpleteohardmelnidhy mendosd rsqfrgﬁemblmbmatcﬂ)mpwne nts
22 thereon by an el ectroform. proce e mandr el
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Is preferably nachined on a conponent which is then joined to a mandrel
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fabricated i nthte\’s\’ﬂa;p edge 16, which is more difficult to achieve with a single piece insert

cconstruction. The two pieces of the mandrel need to be stacked and aligned only once
during assembly, rather than requiring stacking and aligning each time an insert in
used and suffering low tolerances as a consequence thereof. The two components are
15 preferably joined by a suitable adhesive, similar to the manufacture of the two piece
adhesively joined mold insert of the present invention. Then the mandrel is used to
electroform (eform) insert components 22, as illustrated in Figures 2 and 3, with a

high degree of accuracy and with surface finishes.

20  The electroform component 22 duplicates the precision machined optical quality
surface of the mandrel. The duplication is a negative if performed once and a positive
if performed twice sequentially. This duplication allows fabrication of inserts which
cannot be machined in a concave base curve insert, by machining in a convex curve.
mandrel and then electroforming a negative concave curve insert component 22. Also,

25  since many electroform insert components 22 of identical dimensions may be

fabricated from a single mandrel, insert to insert variations are reduced.

The surface of the electroform insert component 22 is a mirror image of the desired
contact lens front surface or back surface, and is preferably manufactured with a

30 thickness between 0.2 and 1.5 mm. As explained hereinabove, the convex optical
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conponent pieces, a precision machi ned piece having a nmachi ned opti cal
quality surface and a substrate piece. The two conponent e
fabricated fromsteel 10 or nickel coated copper alloys, gﬁghgig??ﬂgﬁ
assenbled to create a sharp corner to form the sharp edge 16, which is nore
difficult to achieve with a single piece insert construction. The two
pi eces of the mandrel need to be stacked and aligned only once during
assenbly, rather than requiring stacking and aligning each tinme an insert in
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gzrrponentguar eq‘{fgg'&”éepl%er%fjﬁﬁ?ﬁ?dpﬁgﬁaé' eéﬁgfﬁs‘ﬁgﬁf OJIBHBQW Ps’sgi’ﬁ? Tthé?thfo t he
nmanuf act ur e of o dieal inaehiRin@GRork adh@ FirMed ¥n h @b siffacd, i nsert of the present

invention. Then the nmandrel is used to electroform (eform insert
conmponents 22, as illustrated in Figures 2 and 3, with a high degree of

accuracy and wth surfac i nishes. .20 The el ectroform.co ne 22
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insert variations ar redtﬁged. The surface, of the el ect&ﬁf orm.insert
conponent 22 i FOSFSHIABIET RAGECEIYIherTERS FRbYPltagpe SeRTldo FORFR! ur f ace or
back surfagg, mﬂnés%_op{h%fo%cﬁhbmagaw#w&wﬁshlwhgsnaaoégcmhﬁém%asbet ween 0.2
and 1.5 mm As expl ai ned herei nabove, the convex optical "7 31 August 2006
qual i ty surf acehgtintaheltB@inprdteira penneationdayes ssudeposnted onty the surifasg byt eps, such
that the immersing the surface in an albumin solution for a controlled period of time, or by

immersing the surface in a potassium bichromate solution for a controlled period of

time.

15
The substrate mold insert component can be precisely machined with precise
dimensions and tolerance, but does not require an optical quality surface. It can be
formed of an alloy based upon at least one metal from the group copper, tin,
aluminum, iron, nickel and zinc.

20

The electroform insert component 22 is then adhesively mounted to an insert substrate
component by utilizing an adhesive material having properties of high temperature
strength and acceptable resistance to distortion under pressure to withstand the
operating conditions of the injection molding equipment. The adhesive should be able

25  to withstand an operating temperature of at least 200° C, have an adhesion strength of
at least 60,000 psi, and have a compression strength of at least 60,000 psi. The use of
a suitable adhesive permits strain and distortion free mounting of the electroformed
insert components 22 onto the insert substrate component 24 and results in improved
lens surface quality over that achievable by welding, brazing or soldering. This

30  overall method has considerable economic advantages over the current system of



original machining work is perforned on a convex surface. Prior to the
‘electroformplating of a |layer onto the optical quality rface the 5
mandrel - master nold, the optical quality surface of the %gﬁﬁ$gft§gﬁ be
passivated to prevent the coated |layer from adhering to the optical quality
surface. Various passivation techniques are well known in the art, and
include the formation of a thin separation oxidation |ayer over the
surface, such as by an electrolytic oxidation process wherein the
electrolytic current and voltage are controlled to control the to thickness
of the oxi damiaehiningyach caspplety maneral enmolkinseritgopticnl queliyisperabcadigan veith
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by inmersing the surface 1h an ution for a controlled period of
time, or by imersing the surface in a potassium bichromate solution for a
controlled period of tine. 15 The substrate nold insert conponent can be
preci sel y nadhe adhesivg {ayepis @esiemblydhinegsysh thatthg thermal iesigiaaes ofihe ingeréés not
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at | east one neta e group copper, tin, alumnum 1ron, nickel and
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an insert substrate. conponent by utilizing.an adhesive material having
properties oFtr?ﬂgghOfitEﬁﬁg?%lSlﬂoé“%’tﬁF%W ‘i‘?d‘é‘%ﬂ' acceptabl e resi stance to
di stortion under pressure to withstand the operating conditions of the

injection nol ding equiprent. The adhesive should be le 25 to withstand an
oper ati ng t efpexytdhesivesfargpreferredtadperives, witaCaceihBaddesadhesives engt h of  at
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present invention.

Other suitable adhesives are commercially available from: Abatron, Inc. Kenosha, WI;
Conap, Lawrenceville, GA; Dexter Corp., Aerospace Materials Div., Pittsburgh, CA;

15  Dow Coming, Midland, M, Epdxies Etc., Greenville, RI; GE Company, GE
Silicones, Waterford, NY; United Resin Corporation, Royal Oak, MI; and 3M
Aerospace, St. Paul, MN.

An alternative approach to forming a single master mandrel by diamond point is to

20 take advantage of the progress in part formation by focused beams of energy which
cause deposition of matter, removal of matter, or reaction of matter to occur in three
dimensions in computer controlled processes specific to the procedure being used.
More specifically stereo lithothography and fast atom bombardment represent methods
of matter deposition, ion beam micromachining is a method of matter removal, and

25  two photon polymerization is a method of reacting matter in a three dimensional

framework.

While several embodiments and variations of the present invention for a method of

fabricating an injection mold insert for molding lens molds are described in detail



a suitable adhesive permits strain and distortion free nounting of the

el ectrofornmed insert components 22 onto the insert substigtg §&g ent 24
and results in inproved |ens surface quality over that achie

wel di ng, brazing or soldering. This 30 overall nethod has conS|derabIe
econom ¢ advantages over the current systemof 8 31 August 2006 rmachi ning
each conplete mandrel or nold insert to optical quality specifications, with
the additional difficulty of machining of a concave surface. The adhesive
layer is prefegpall vt hbind b'élagparmaﬁatmedlgmluf@dnd&@a%hﬁ @apmegfrestemnvaﬁﬁht i's

5 not substantlally i ncreased. The structural properties of the adhesive
under conpr es’sllcnggntdmramaltgcr@tlmd@ugigio thoseskntlddan theart.he substrate, such
that the nmechanical strength of the insert is not significantly reduced.
Epoxy adhesives are preferred adhesives, wth G rcuit-BondTM adhesi ves 10
commercially available fromUnited Resin Corp being particularly suitable to
the present invention. Oher suitable adhesives are commercially avail able
from Abatron, Inc. Kenosha, W; Conap, Lawrenceville, GA Dexter Corp.,
Aerospace Materials Div., Pittsburgh, CA;, 15 Dow Com ng, Mdland, M;
Epoxies Etc., Geenville, R; GE Conpany, GE Silicones, Waterford, NY;
United Resin Corporation, Royal Cak, M; and 3M Aerospace, St. Paul, M. An
alternative approach to formng a single master mandrel by dianond point is
to 20 take advantage of the progress in part formation by focused beans of
energy which cause deposition of matter, renoval of matter, or reaction of
matter to occur in three dinmensions in conputer controlled processes
specific to the procedure being used.

!
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More specifically stereo |ithothography and fast atom bonbardnment represent
met hods of matter deposition, ion beam m cromachining is3pnkuboshegf matter
removal , and 25 two photon polynerization is a nethod of reacting matter in
a three dinensional framework. \Wile several enbodinments and variations of
the present invention for a nethod of fabricating an injection nold insert
for nolding |lens nolds are described in detail 9 31 August 2006 herein, it
shoul d be apparent that the disclosure and teachings of the present
invention wll suggest many alternative designs to those skilled in the
art. 10 31 August 2006 CLAIMS Having thus described our invention, what we
claimas new and desire to secure by L ;E@g§ Patent is: 1. An injection
nold insert for use in fabricating | ens used in the casting of

contact |lenses, said injection nold insert conprising: an electroformnold
i nsert conponent having a surface which fornms a surface of an injection; a
substrate ol difiageihus deseibrdeanr ysntion Nhghws elaimagngwsand QFéHFy’SGQ‘Erﬁgﬁhed to
t he electrofor(gggphéﬁﬁgrt conponent; an adhesive for fixedly securing the
el ectrof orm no I nsert conponent to the substrate nold insert conponent.
2. The injection nold insert of claim1, wherein the substrate nold insert

1. An injection mold insert for use in fabricating lens molds used in the casting of
contact lenses, said injection mold insert comprising:

an electroform mold insert component having a surface which forms a
surface of an injection;

a substrate mold insert component which supports and is fixedly
attached to the electroform mold insert component;

an adhesive for fixedly securing the electroform mold insert component

to the substrate mold insert component.
2. The injection mold insert of claim 1, wherein the substrate mold insert
component is formed of an alloy based upon at least one metal from the group

including copper, tin, aluminum, iron, nickel and zinc.

3. The injection mold insert of claim 1, wherein the electroform mold insert

component is formed of a nickel alloy.

4. The injection mold insert of claim 1, wherein the electroform mold insert has a

thickness between 0.2 and 1.5 mm.

5. The injection mold insert of claim 1, wherein the adhesive is an epoxy

adhesive.

1



conponent is formed of an alloy based upon at |east one netal fromthe group
i ncluding copper, tin, alumnum iron, nickel and zinc. 331 Ahgust§066ti on
nold insert of claim1, wherein the electroformnold insert conponent is
formed of a nickel alloy. 4. The injection nold insert of claim1, wherein
the electroformnold insert has a thickness between 0.2 and 1.5 mm 5. The
injection nold insert of claiml, wherein the adhesive is an epoxy

adhesive. 11 31 August 2006 6. A nethod of manufacturing an injection nold

insert conprising: glegtrof.orm an electroformunold insert conponent
havi ng a surfaé:‘e \/\?%Flceﬁhofdc?rf rrn%llsa“n}i{%l W?lpég%méefcuglﬁ“}oﬁ 5‘3?“?‘69{“9{6%"&‘ formng a

substrate nold insert ceigeadtminingineiecaofop@micid azerticémpbrickehdvwngd suafabed t o
t he el ectrofor n%nlltl)l d insert conponent; fixedly securing the el ectroformnold
i nsert conponeWtick Hringa sufpreaf gh desionanqldhsert conponent by an adhesive: and

sing the injection nol &,{ f k I i the
using I nj ecti Folning b subshtate Rl ikt g@g@&g?w@hg@d@ﬁg%a f

casting of contact |enses. 7. The nethod of m 6, ormng the
substrat e nol dfixedeattachedrtp threesi¢ctrobirmamoldlinsest compenkngpon at | east one net al

fromthe group including.cqpper,.ti al um num,.iron, nickel and zinc. 8.
The et hod of cl aim 6, IHERNAETHSMEdPs S aroleiln TP W dnsegrommoRaTLlp g sufrate
conponent of ampldGkRH Blpeient by an adhesive; and

using the injection mold insert for fabricating lens molds used in the

casting of contact lenses.
7. The method of claim 6, including forming the substrate mold insert component
of an alloy based upon at least one metal from the group including copper, tin,

aluminum, iron, nickel and zinc.

8. The method of claim 6, including forming the electroform mold insert

component of a nickel alloy.

9. The method of claim 6,‘wherein the electroform mold insert component is

electroformed with a thickness between 0.2 and 1.5 mm.

10.  The method of claim 6, including fixedly securing the electroform mold insert

component to the substrate mold insert component by an epoxy adhesive.

11.  The method of claim 6, including electroforming the electroform mold insert

component on a mandrel having an optical quality surface.
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9. The nmethod of claim®6, wherein the electroformnold insert conponent is
el ectroformed with a thickness between 0.2 and 1.5 mm 181 AlgisPBdgwed of
glaim6, including fixedly securing the electroformnold insert conponent
to the substrate mold insert conponent by an epoxy adhesive. 11. The net hod
of claim®6, including electroformng the electroformnold insert conponent
on a mandrel having an optical quality surface. 12 31 August 2006 12. The
nmet hod of claim 11, wherein the optical quality surface of the nmandrel is
produced by di anond poi nt machj ni ng. e nmethod of claim 11, wherein the

Th

mandrel is fab#i caifb@mp?hoé%clewbm@n thejoptiead qu%ll%ﬁ@éq%p&hemﬁr%w pi ece

h h d b dth
aving a mac b?ﬁgeﬂﬂhhﬁﬁ+mgHﬁh g&m yﬁpce and a substrate piece, and the

two pi eces of are i xe secured together by an adhesive. 14.
The met hod of claim 13, wherein the two pieces of the mandrel are fixedly

secured toget tﬂ? ' b¥he tefibd oY el 1dn¥] ?f Iwherem fp)ﬁe mandrel is fabricated in two components
pieces, a precision machined piece having a machined optical quality surface and a
substrate piece, and the two pieces of the mandrel are fixedly secured together by an

adhesive.

14.  The method of claim 13, wherein the two pieces of the mandrel are fixedly

secured together by an epoxy adhesive.
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