; YZe3eNK\ " ~66] T49*159159* METHOD OF FABRI CATI NG AN | NJECTI ON MOLD | NSERT
FOR MOLDI NG LENS MOLDS BACKGROUND OF. THE-INVENTION 5 1. Field of the

| nvention The present invention relates generally to an i njlmmmmmmm
insert and a nethod of fabricating an injection nold insert I w

| ens nol ds which provides a plurality of replicates of a singlespester nold

mandrel which may be produced, for exanple, by dianond poi nt machi ning. The
mandrel is used to electroforman electroformnold 1 o insert conponent

havi ng an opti calMETHOD DSEABRIEATING ANINIE CTFON MOEDANSERT HOR! i on
nmol d. An adhesive 1s used to fiIXxe attach the el ectroform no Insert to
a separately nmachined nold i nsermmj ect invention provides
substantial reductions in the cost of manufacturing soft 15 contact |enses
produced by r galdraReSUNB OF TIEEINVENTI®N aut omat ed manufacturing and

nmol di ng proceSS wWherein a replicated nold insert is used to nmanufacture

optical gradelpFigld pfthedhventiont s, each of which is used only once to nold a
soft contact Lrgns eth Eel nt.anrd its th&Qlld{Snols%dtié)fm ‘%O 2. Di scu§gi4)nf of the
Prior Art The ¥ BI%™ fnvteﬂéonarela SEAEALY Sctur ﬁg nnya d&seert aélgfatm% M At

| enses has pr ggriestachntifjeatidnofaldansemfotimoilinyleheinslde Mhichgmevibesya plufadisy i N
whi ch each hydrogel soft contact lens is &rnh;afgl by sandw ch;ltng a npnomner
bet ween front CEIFPUEAESRER siigle Bagtw reolyrandpsbvhish) paYskerpdisefoioy exampi &y

mononer i s poliRmk peft MackifmB) &ht BRAdreMiishd loldciBlorhan MRS EAm ha@ t he
nol d section halves, further treated and then packaged for consuner use. In

a typical 1pri onrsedcompafent bayingan oftisalsuatity suzfecawhinl fgyms esytfacemdtanl i nsert s

are used in an.iniection,noldi hda.machi i LN ection nol di ocess to
o ednee rany il S AR EREA ikl Bl hE GBI e BG5S |
back or base eeépavstel| Bfarhined 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
automated 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)
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mol ds, 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 with contact |ens form ng nononer, the BC nold is carefully
pl aced upon the FC nold and the two nold hal ves pressed together, with
excess nmononer being expelled into the space outside the optical surfaces
of the nold hal ves. The nononer is then polynerized to forma |ens, which
is then renmoved fromthe nold and further processed to yield the final soft
hydr ogel | ensmptdsgdesch of kihiphrC dnd BC ancddsdie seiseqehilpnsdd sy dneertaimold 2w of a
typical prior art d.assenbly which 1 o includes a EC hal] f .10 and a
B ot hal { SPBSPR RYOER FEntavt R 1 (in BrosES: B BT PRPIAICGH HOLHP Eotdnt act
lens 14 is molsigdonthidetsFofRing nivHomer, thBEImAG i@ﬁeﬁmy FlacédAipsadheRC | On

with an optical quality concave surface 12, whic as a circul ar
ci rcunf er ent i mioldwrid thelewo moll kaheas prasergtog@hax i gxqegs menemerteinesxnpelledThe

sharp edge_16.is..desirable,to for ] Lfor ticC
radi us parti ng't? fhr?eSpfceechuésldeftgF ()Pt'tllcerl';i guﬁé?égq%f(e{ﬁ% #gﬁdﬂloﬁ%gd%gghong%}% %gl?enl ens.

Si rr: larly, t hpol@ﬂie]fmécftolfanﬂelglén@,ashiah tsethém&halogett froml ttls)embldm}dvﬁxtthbrag ?pti cal
qual ity convex surface. 20 The FC and BC nol ds. may be manufacture rom any
t her mopl ast i cPYRSESFS 1 Yighdithetnal S%%S&‘gpée?&mw&?%‘-i nj ecti on nol ded and whi ch
provides the final cast lens with the required optical properties, with
preferred materials for nold frames being pol ystyrene and pol ypropyl ene. To
i nj ection nol Higure!l BE Adriclp@tiontldestional vWew pba typigahprierst mpldsssamply vhiche

required nfiaurat i I I ']p‘ﬁglza[;% ed | he 25
i njecti onqgml di ﬁug(%%rggﬁllrﬁéﬁ %@Oﬁﬁﬁgéﬁﬁmm ed Eﬂg%eggvdr% s are cl ose
and reproduci feeehetwezhse whishraoiicohaodens 14 ieenoldgdect i on nmetal nold inserts,

and the resultant nol ded contact | enses are cl ose and reproducible
reproductions of FC and BC nolds. VIN-589 2 The injection nold inserts

di scl osed andTht lFgshb@tan 10Welhed a Ratrfitudved séQdn Mth A6btical 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.
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5,861,114, are two piece steel inserts which have extrenely long |lives, but
requi re costly stacking and aligning operations during assenbly into the
injection nmold. Sone prior art two piece steel injection nold inserts have
a zero vent design which elimnates a vent and reduces the machining tine.
These inserts al so have extrenely long lives, but also require costly
stacking and aligning operations during assenbly into the injection nold.
1o G her prior art injection nold inserts are single piece nold inserts and
el i m nat e t heThergection nldinkériglisciustd havidlustedetiad).Bi Paets T2 Blarido st eel
nmol d inserts. Some prior art injﬁption nnlg inserts ysed for nmanufacturing
toric contact I88hd1prEdieRiccssiEekinsgsaviyrh bavesxiemelyjang livesut seagire | fe,
wi th no stackj al Lanheh ' : be

At tached 1o o oeay B B s R A0 s
unacceptabl e distortion of the optical quality surface of the nold insert,

such that raéi n? i.S r},gé a_.vi al?%g. as .gnbl net h%% thegeof nd n i.thher i's
sol deri ng vPYBF 819:? “éoe?fﬁcfef Eaen VT BETPNY SR e
Accordingly, Elimirates apehtEd Yedudeihi nbhihing tinie SHivke inssteHliotiave extpergely de an
injection nmold insert and a nethod of fabricating an injection nold Insert
for nol di ng | tmg s, byt also RRNEHCosHy slegdng prd ligninggperativasdyraig asembly nsert s,
reduces the vggj ?}Eiigf.e&Y hogubstantially identical replicated injection
nold inserts, extends the range of injection nold inserts, and mai ntains
the capabilities of existing injection nold inserts. The present invention

provi des i pjecti.on l.d..insert. and a nethod of bricati.ng an. 3
i nj ecti onqﬂol gitl?eﬁggﬂ alﬂ%ﬁ’ecﬂﬁ? H]oigmrc'e BA e RS Plgse 8 Ofk%rn e\’/‘f‘:S g fin l?aﬁ?tg‘f:i ty of
replicates of ndedNob&8cking, 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
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a single master nold nmandrel which may be produced, for exanple, by di anond
poi nt nmachi ning. The mandrel is used to ‘el ectroforman el ectroform nold

i nsert conponent having an optical quality surface which forns a surface of
an injection nold. A substrate nold insert conmponent is machined
separately, and supports and is fixedly attached to the el ectroformnold

i nsert conponent by an adhesive. The present invention provides an
injection nmold insert and a nmethod of replicating nold inserts which

provi des subsi singlieahastee thodd mendrel which enay bs prafuced; Morf exemple, by dimofond paoint act

| enses produced ,by. the replicated ld inserts in ap aut te

rmnuf act ur | ng e Tof RRies Gl P REnsh it Bhrih O HeER cemRI NS The
f oregoi ng obj p&kisg mqa_tﬁslwcﬁiatigg,{aﬁfawwnibﬁ fRaRaantfatdviRAtAjeRidNahold. PEt hod of
fabricating an injection nmold insert for nolding |ens nolds may be nore
readi |y 15 un¢ibsiatespldipserheompanentsy mashingd sepatately.iand supnors gadisgeiedly had to
the foll ow ng i | Pt | i g thereof, taken in
conj uncti \(I)\gn W tﬁﬁhﬂ%qg%ggan%%‘%ﬁ lﬁlgmdﬁgﬁﬁo\é@o&k%t%%da:d%ezl enents are
designated by identical reference nunerals throughout the several views,
and in which: EO Figure 1.is a side e|evationpal sectionah ¥ifm10f.a typi ca
prior art rol GPQRIEETALIMYERiRTdIOYIAES analscton mgis ingartand apethod,af 1ePLeating hack
curve nol d hahbld¥akéR wigél pevidey QlbsiaBtidRehR kB e dddt dhhatufangffgtsogont act
lens is nolded. Figure 2 is a front perspective view of an _

el ectrof orm nmmacégqnmseuodqce%by e rpplicatedaneld insertsi ap auingeated mamyectwenged

pur suant t =N f the present invention. Figure 3 is a sectional
Vi ew throhgh léﬁﬁdeﬁlggl%;geé}g(é)efsgt he el ectrof orm manufactured nold insert of
Figure 2, and illustrates in greater detail the assenbly of an el ectroform

manuf act ur ed i 36 é;,CUF il ?’Qﬁlfﬁac,][ Jﬁh%ivi‘ﬁ&%t conponent to a substrate

insert 30 co © —aghestvre—parsaatnt—to t he teachi ngs of the present
I nvention. 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.
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VTN- 589 4 DETAI LED DESCRI PTI ON OF THE | NVENTION Optical nold inserts have
an optical quality surface to nold opti cal conponents therefrom and are
rel atively expensive and difficult to fabricate. The number of optical nold
inserts required for the conmmercial production of soft contact |enses wll
be very high in the future; the nunber of stock keeping units (SKUs) of
soft contact lenses will increase significantly in the future with the
continued introduction of new products for bifocals, tonics, etc. 10 All
optical nold inserts in a mold block should in prlnC|pIe be identical, and
as a practica s : ﬂg insert should be
sufficiently ; e such that the final end
products of S@ptlcmﬁttlatﬁ{sehﬁman@pﬁcaqqm ﬁmdckyO MoKEDRA RnipoRssts. It
woul d be attractive if a single master optical nold insert machined, for
exanpl e, by shegifeonbendereaelatveiy emﬂnﬁwngnfééﬁﬁwlm fatwicptep The nuedernt
replicatedsto

result in a sugﬁ%ﬁj”{% IF;FM“ iﬁre@?@{ g%’gﬁlﬁ :p ﬁoﬁu%ﬁcrﬁ%%gs%&ne glvglft
contact | ensebe inyehztglr1cm‘tlme1r mtpeglthenmhhéridfgtonk keepjrgnanits §SKUE AT spfitcentactal | y

can be used f th| 0se, | i catjon of an, el ectyofqrmng
rocess. to t himstckilldheEhe srnitear e Bt Bereanh heFomin el infedition cLReNI 'y
only a thin shejducffordbifdeiigliogichcas ni ckel Whl ch reproduces only one
surface is fabricated by an el ectroform ng process, whereas optical nold
inserts are solid three dinensional parts which require precise accurate
overal | di,pensi b\ . repllcated
opti cal m%pg ?\Ag@?{calaﬁn%lg?ﬁngXﬁ{agwpﬁﬁo% o{h%&gﬁggﬂgﬁ@treg Ilae hg;sl % ol d

i nserts shoul qbrdaécaiawbt eepdxtatbebﬁugmaapl bl ifeettshould be suffioleatly dloselyng t he

et or opt i carodmbr o Reaver oy ok Bt e Seg wRBet ehieoP B e 8 1 op

part must be ecapalet@alBfach@tatle podnas LtavoaldEbairiaive 1Ms1bg?l§ﬂ1a&'5f\b;§&31 part
of the optical nold insert with high accuracy n’éW‘th concentric alignment as

wel | as total mddiser Whlnedafwxymplenby sipglepae diamend Hurping cpuldhe

t her ebet I Lo dreRfbat

par i cul ary TreniteprcRicald i pthdoHMAICIB Iy ARRIE Herdls yBRBbould
replicated noirebultmsesutstantialty lasd cmmjy madufacturihg prph¢ss dor the saft tomdavtilensescent ri ¢
al i gnment which are precisely reproduced within comrercially acceptable

tol erances. A process has been devel oped for el ectroform pul se-plating

whi ch pr oduceglédaofirmypusdeRgtingfis 8prdeasstwehivh pdtemiallplcen Bé G840 FoOMhE pugstide,al SO
results in superior unjformty and 10 control of the thlckness of 'the

deposited or pYidythgappiigation °fﬁP§]eﬁFr8@é%‘§1§l§°?ﬁ§H°e‘h? pyedpgionpfgedigated produce

hi gh precizgi OQ)Ff?Pcﬁhﬁﬁtim@B*sd@sﬁ ydﬂ ?fjm‘ljkﬂeﬁ]rcﬁ‘étﬂléfﬁ s88fas RRNLIATHIGPT I CS. The
el ectroform pul se- pl ati ng proceSs disclosed in patent application EP 0 835

335 B1, publi Sm:ddtwns Sdp ceeryafacgis adeted by apmbctroftsméngprdeessiwlmintae to t he
B; gz ggts e's ”‘r’rggt nﬁgve\é% ar&(}] %[th 9ri1ﬁrﬁfotna§éa?&%h%}?{e% Péjé)r%%s%ct%ra&g

i nvention. Fi @uémllﬂlmmsmnﬁront perspective view of an
el ectrof orm manuf actured base or front curve nold insert 20. Figure 3 is a
sectional view through the center of the

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
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el ectrof orm manufactured nold insert 20 of Figure 2, and illustrates in
greater detail 20 the assenbly of an el ectrof orm nmanufactured, optical
quality, electroforminsert nold conponent 22 to a substrate insert nold
conponent 24 by a suitable 26 pursuant to the teachings of the present
invention. The nold insert 20 shown in Figures 2 and 3 can be nmanufactured
by using a mandrel 25 or nmaster nold, fromwhich nmany el ectrof ormi nsert
conponents 22 as shown in Figures 2 and 3 are reproduced. The mandrel is
preferably prpatcfte bptiqai swldiaserawith highgcafradyh(evithpiohcanltrigalgdnintept sswdlhce

t hereof, such as dj, anond poi pt chining. The.optical quality surface of
VTN 689"t herSIaaEn S ol Be s AR dP PR BB m | naer ¢
conponent s 22rliReBAmifoyvm and btk e ah P4 RisO 36§ partidflatl§ ifapoidht ithkhe art.
The mandrel can be produced as a solid one piece mandrel, or alternatively

the 5 nandr el replieation of medd insertsthatthe igplipitedmoldengprte havevh longitudinal deight i cal
quality suffa i ) chi . I . s then joined
to a nandr%l §ﬁ%§§?§§§£§%%§%§éﬁ‘ .%R$g¥%ﬂ¥ﬁg&§%§8F§?éd%%HEQQTE The mandre

i s preferabl ycdmmetcidityadcdpmblewlecarponent pi eces, a preci sion nachi ned

pi ece having a machined optical quality surface and a substrate piece. The
two conponent parts can be fabricated fromsteel |10 or nickel coated copper
al l oys, and apgrbi8haveenaéwtoped 6 @eti®fAmPudeDI AR \Hich Prod@éedétiy sham
edge 16, which is nore difficult to achieve with a single piece insert
const ruct i on. stygse freqpargs witle stalle dimensiomp,ding jalsp sesylits in ppederamiformisnendal i gned

onl Y onoe 18T Lt SE R VS EHARE LR G e TSGR AN ng each

time an inser I n use ow t ces as a conseqgue

t her eof . The being asmipo pesduse higk pidsisionadpicalvhglds for mesleddiffaactive tmbtegular
adhesive, simlar t he nuf acture. of the L ece adhesivel y_jai ned
rola I meert PPt TBe EEERORTH pae PIAIE prrssaoseh B et apnsafod gb 0638

el ectrof or m ( @3B publisisdtonCSHpRAMMRNB 51998, is applichbld ahd alit®ld o thd gedeps 2 and
3, with a high degree_of accuracy and with surface finishes. 20 The

el ect r of or m cHysebRmtHoveven othes piiakart electipfers pylemplatpspiosessesynaalso baysl ity

surface ofjsthgy ?gﬁﬁgﬁmgggogggl'&@ﬁhﬁQ?F&La negative if perforned once and
or I a

a positive if pe tw ce sequent y. This duplication allows
fabrication of inserts which cannot be machined in a concave base curve

insert, by maghi ni [ convex curve. mandrel and then electrof.ormng a
negative concg{%‘r%%]%\?ef??rﬁ%??ec lgﬁﬁbeﬁve(gﬁan .cgrﬁ\*b%,'m %ﬁqwgg%ﬁsffrﬂ; fré’f'{enct rof orm
insert conponeitve mdid nkert d@NFigoad 3 Wiaedtiunandewrthtoligh thakenterdfare f rom a

single mandrel, insert to_ insert variatjons are_reduced. The surface of the
el ect r of or m i FeereforpmasHEGturebmpld ipser; 20.qf Figusa deandrillsirategdn greatsr detail act

| ens frontysupfaknly BpsKelsi iR madtilctuedPoRicar Gialivy, PREYSBRh e mMd h 2
30 thickness between %.2 and 1.5 mm As expl ai ned herei nabove, the convex

opti cal VTN-58@mponent 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
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quality surface of the BC nold may be the result of two form ng steps, such
that the original machining work is performed on a convex surface. Prior to
the electroformplating of a |layer onto the optical quality surface of the
5 mandrel master nold, the optical quality surface of the nmandrel can be
passivated to prevent the coated |ayer fromadhering 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, suchthasndidrelis théreaded @ sledttofora thahy electprfone isembemporents D2
electrolytic %térrent an volitage are controlled to control the 1 o

thi ckness of th§EeoBPY 8 elesiolony Brocessy apls KRRWAIRHE 2Bassi vat i on t echni ques
such as wherein an albumin (protein) separation |layer is deposited onto the
surface by imersing the surface in an albumn solution for a controlled
peri od of ti nmEhe mandrgl ¢ambepsiduged a5 solidfone piecermangrel, as sltarmatlyeltheomat e

sol ution f50r a c&)nfrolbl ed erécod of 1.1 rgemanl elT@gers.%ﬂﬁt rqtce] r{lohg, i nﬁsert
conmponent tan"He rﬁ C80; S BISPUSEL T &P RAFSH préci SR TEh S BASIEAY TOPET Ynce,
b?’f dogs ngt pfeﬂmm?lmahiaai bxcﬁborﬂptail e?twhislﬂ;]sfta&ejoiﬂeﬁ 16 aandrel Sube @Itleof_ an

al |l oy based upon at |east one nmetal fromthe grqup, copper in, alum num
iron, nickel $SHBPYERLto form fméoglptC&%ﬂda?lmTihﬁm@@meﬁaﬂy ‘%‘E“?%eqlﬁéwo
adhesively no : i e : EORRANED W .an

adhesi ve mat e%ﬁ&ﬁgﬁlﬁﬁs’pﬁgﬁﬂ? ?ggé%@ @c}fiéeh terrperlt<'§11€1 ﬁ%{%é&s(wrngﬂg ﬁhgnd

accept abl e r esirficannda substtats piace.i dhe twrdeompenentqarte carpbenfabheatethidorn steel
operating.conditions Qf .the injectiaon N i . Jhe adhesiyve
choutd b i & B8 Fofliq fetpet g bRt hy PufHICRERL = 5105 Bt B5mo
have anhadpes 'tlﬁlrshsﬁpreﬂgglﬁ whiclais mazadiffielt t@?ﬁhipsé withgldidgmd/;ﬁe@ ifiEROr essi on
strength of at |east 60,000 psi. The use of a. sujtabl e adhesiv ermts
Strain and di SORSHOTRR. fIREQVRBIFES %gh?ama'eq{sl nAed &2 Potiaked ang plaes Og]é(rPﬁ‘S‘hent s
22 onto the i aaghd asSethSly! @AlhRr haARQRAHg s?a‘ékﬁqg_(inﬁﬁﬁ ihg eddh tinf@4rONEGh inens
surface quality over that achi evable by wel ding, brazing or soldering. This
30 overal | neuérddnd sufferingdpwdelgtaneesas gironsequense drerenie Iho e carponenis aent
syst em of N- p (Al . I i rt. 1o
opti cal qd%/ITi %§%ﬁg¥i@:ﬁ%a |%%l§;6§]:/évi fi ﬁ&m%ésgglamqg%g*ang{aftglpécﬁtké;ﬁg%élﬁ%chi ni ng
of a concave adhdsiely.joihbématthiasdrvel thapesent inventdre r'Elizinythé tamdrellis hsddhat t he

thermal resistance. of the insert is not_ substantially. increased.. The
Structural - pr GFETPORE (PTRHBSCEAOTBRDE R s ILBIREL L G Ad 1A dr e

| oadi ngs i's shiphld@prek@f hdt@razyand withBurfideGthidheat t he nmechani cal strength of
the insert is not significantly reduced. Epoxy adhesives are preferred

adhesives, with G rcuit-BondTM adhesives |0 commercially available from

Uni ted Reshn GRE BcbiekBen Bhbre 25 hup1Rhted alalfecidor BECHIRESHRkal QYR ON.

Q her suitable agﬁesel)ves aré: cormer%l a?j[lley a a? arfe <1Erom Ab%tc{&oﬁt?’ I nc.

Kenosha, W ; Swotfiaeof levmardesyiThe dypligatiorDsatregatBerifpsrfotmed speecand htositival s

Div., Pittsburgh,.CA:,15 Dow Corning,. L and : oxi.es Etc. .

Geenville Rt e&n&)wdﬁveqé%aﬁy. Phis IX‘uf)jhcagofl a]%Ws FaBncatlon o'tzmser’ts 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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Silicones, Waterford, NY; United Resin Corporation, Royal OGak, M; and 3M
Aerospace, St. Paul, M\. An alternative approach to formng a single master
mandrel by dianmond point is to 20 take advantage of the progress in part
formati on by focused beans of energy which cause deposition of matter,
renoval of matter, or reaction of matter to occur in three dinensions in
conputer controlled processes specific to the procedure being used. Mre
specifically stereo |ithothography and fast atom bonbardnent represent
nmet hods of maquadity shefacsof the BC mold rhaala the cesoltraf twafongingstepssatihdadt e nat t er
removal , and 25 .tﬁo &Boton $%I.g/rreri zaéi onis a hod of reacting matter in
a three di men¥igiRelmachiimeouk is perfqrmed 00 4 CanvedHaiSent s and variations of
the present invention for a nethod of fabricating an injection nold insert
for molding lens nolds are described in detail VIN-589  herein, it should
be apparent tPaer toithe electrofermplatingef alayeriontogbe epticehguabitessface phthent i on wi | |
suggest y al Y ' . | ' t 9 10
IR et oa opsh@el kit ipdIihEBRiGP obitRF e} bt B istatel erlbe pmsaffstec S
el ect r of or r ni prgvan tied ;eated ddyer fronddierims®rthe amitpbquatity duaface)gVariaisr f ace whi ch
forns a surface of .an injection g})ld; f_orlgn' ng a supstraet@ nmol d insert
conponent whi B??S‘é’ﬂtb‘fjbtfe? "R 21" noyainheart, apd, igiuds th : rEptan 9f 3tinm npl d
It ES ert bC?”D?n%BﬁatiBh $RidhiYorSIagéovBdht Ber iRk SftR 8 By M aedteblitiseXidatiognponent to
e substrate
process wherein the electrolytic current and voltage are controlled to control the
10  thickness of the oxidation layer, or by chemical passivation techniques such as
wherein an albumin (protein) separation layer is deposited onto the surface by
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
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nold insert conponent by an adhesive. 8. The nethod of claim 7, including
using the injection nold insert for fabricating | ens nolds used in the
casting of contact |lenses. 10 10 9. The nmethod of claim 7, including

form ng the substrate nold insert conponent of an alloy based upon at | east
one netal fromthe group including copper, tin, alumnum iron, nickel and
zinc. 10. The nethod of claim 7, including formng the el ectroformnold

i nsert conponent of a nickel alloy. 15 15 11. The method of claim7,

wherein the elfekihRgQhdh etk BRaliel 6OMPIANAdE tb Spedad qhdIRy SpetHTtalbish with
t hi ckness between 0.2 and 1.5 mm 12. The nethod of claim 7, including

fixedly secur fhegdeiiend|difficley of mechiniag phaeencaveowpidtfent to the substrate
nold insert conponent by an epoxy adhesive. 13. The method of claim?7,
including electroformng the electroformnold insert 20 conponent on a
mandr el havi nFheadlepive taykr 1§ padfertapl yshinfsactethatithe thEmealredistantealf thed iasan &3,

wherein the optical quality surface of the mandrel .is produced by di anond
poi nt mach? ni ﬁ%t.su%ﬁ‘?\l%@gﬁlq ase‘% @?e SHYEMY Pﬁ@&“ﬁfotfhﬁia PCUNE ein the

mandrel is fapghsatgsh ddd higheSsRRGN bitniRE ROBES subdtriXe ARiCE AN tHEBRdthAREalPi ece
havi ng a machi ned optical quality surface and a substrate piece, and the

two pi eces of strénsthhefitbe wiserhisanof pigaificgntlyaeducsd. t oget her by an adhesive. 16.
The net hod of claim 15, wherein the two pieces of the mandrel are fixedly
secured together by an epoxy adhesive. VINN589 13 .Ay,.A .. A
. AA, . A3, . AU?. Epohdhésiveshite prafotrediadhesives Batle Circuit-Bond ™ adhesives

10 commercially available from United Resin Corp being particularly suitable to the

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 Corning, Midland, MI; Epoxies 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
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10 9. The method of claim 7, 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.

10.  The method of claim 7, including forming the electroform mold insert
component of a nickel alloy.

15

15 11.  The method of claim 7, wherein the electroform mold insert component is

electroformed with a thickness between 0.2 and 1.5 mm.

12.  The method of claim 7, including fixedly securing the electroform mold insert

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

13.  The method of claim 7, including electroforming the electroform mold insert

20 component on a mandrel having an optical quality surface.

14.  The method of claim 13, wherein the optical quality surface of the mandrel is

produced by diamond point machining.
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