19J UL 2005 WO 02/068147 PCT/US02/ 00979 Met hod for Fabricating a Plastic
Optic Elenment Injection Mold BACKGROUND OF THE | NVENTI ON Technical Field
The present invention relates to the field of injection nolding, a r
specifically to a s nethod of preparing a nold suitable for form g'gﬁéﬁﬁic
optic conponents. Background Art Thick non-inaging optics, such as

col limation and concentration non-inaging optics, are expensive because
they are typic@ldsyishabri cated by machini ng gl ass. These t hraakusagmoraragi ng
optics are typically characterized by a high aspect ratio and a nunber of
extrenely tight to tol erances, including surface finish, flatness,
concentricity, and perpendicularity The cost of these optic el enents can

be reduced consi dervbingdiivr Fepfi@ginda HiMicOysit Kiepheft Rg&cticRMMA@ENt S Wi th
nol ded pl astic conponents. It is known in the art that such pl astic optic

el enents can be nol ded, for exanple by injection nolding, when the part

geonetry ERG@R@@‘&UOFQ‘HMWEMTION is also known that 15 manufacturing
the nolds for high aspect ratio plastic optic parts is extrenely difficult.

There is a need for a nethod of producing nolds suitable for injection
mot di ng  TamhiGikiedn of plastic optic conponents. SUMVARY OF THE | NVENTI ON
‘Qur invention is a nethod for manufacturing nolds suitable for the
fabrication of optical 20 components using injection-nolded plastic. The

i njection nol dipgpreRhehv@ltfontrbiales & Be SuldlaMjectiofmol Bifg, Atk tnfbrdsiecifioMBMoi0N
include but are not limted to cyclo-olefin polyner, clear acrylic resin,
and po$ ysingthed ef preparing ayupld zgigable for forming plastic optic components

Background Art

Thick non-imaging optics, such as collimation and concentration non-imaging optics, are
expensive because they are typically fabricated by machining glass. These thick non-imaging
optics are typically characterized by a high aspect ratio and a number of extremely tight

10  tolerances, including surface finish, flatness, concentricity, and perpendicularity. The cost of
these optic elements can be reduced considerably by replacing the machined glass components

with molded plastic components.

It is known in the art that such plastic optic elements can be molded, for example by
injection molding, when the part geometry lends itself to molding. It is also known that

15 manufacturing the molds for high aspect ratio plastic optic parts is extremely difficult.

There is a need for a method of producing molds suitable for injection molding

fabrication of plastic optic components.
SUMMARY OF THE INVENTION

Our invention is a method for manufacturing molds suitable for the fabrication of optical
20  components using injection-molded plastic. The injection molding materials that are suitable for
use with our invention include but are not limited to cyclo-olefin polymer, clear acrylic resin,

and polystyrene.



WH 0 02/068147 PCT/ US02/ 00979 To fabricate the injection nold for g kg@%
optic elenent in accordance with our invention, netal; nodels of th ‘@

optic element are first carefully nmachined to the exact dhﬂﬁﬂé>8»§9°f t he
desired plagf“gmgﬂf?c el enents, but with adjustnents to the dinmensions to
conpensate for the determned rate of shrinkage, during curing, of the
plastic when it is injected 5into the finished nold. Specifically to
fabricate the i |on r asti.c .optic part WO suc

nodel s are enpl@ ”%ﬁ%ﬁooﬁn?ﬂg%én fé 3 RIUF OHfe eﬂ%@'Hb%?@HgPﬁbxég our”
shell s, as uménﬁérﬁ(a&e&ﬂfr%déwgf thehl&0c 2P6d LiemeRnde i1 esagtilyY nlehih&ie tlingBRAgdons
of the metal nodels. In further enbodi ments of our invention, nmore than two
machi ned nodeé¢nsioandf ttheeidesired glastis p@hdlehgles‘fh,eblﬂswlélﬁ @djelﬁtpﬂetmysetﬂ) thioixmnnsmns to

accordance with as t of. o r nt.i each shel i.t.s. encased
ror ol modsteER aiBE iredtingtal & G pa o fhritiood ph it e fipdpiled
defini ng amtgXhetinidhedgnoMni S)Kbmﬂcﬂll)ﬁfﬂ@fabﬁé’dﬂé)@% R etiion H1E FSr ﬂabﬁaﬁi@&iﬂnclpm ttwe
parts. Dependi ng on the shape of Elastlc optic elenment to be nol ded,

t he axi al Iswvenmynqﬁotméfpis jare @mploswel a¢hn@foﬂmmmé@h@nodglw@expém soatqth gheseobond
scribed i ff | ightl r Lrst ei lOMlth | Ilne
for a flrsfﬂﬁ % %gﬁlg) %&’a 6v%g?dh E&EX|§?C$ ty n?rwmn ﬁgﬁhgdn?%ese

shel |'s. Thencﬁjraal |I§ faFger tehfyodBnkints2b 0N ihvReseEh, S]Qﬁ@lfldanstﬁd’ol xlﬂ@dnnddl M68els amfttetre
portion of the metal nodel away fromthe axial line and between the second

cutting scepwespPidies sthsfeersemplived the outer shell formed thereon is then
di scarded. What remains are two shell sections slightly larger than the
di mensi ons of the desired | astic optic part wth a part of the netal nodel
still i® these $hatdordases pehsan %@%roéuongwentwﬁ, Fihfé] shzg IpelRging tils encesge metal

remai ni ng pald) thheﬁnhs%ng@lt(ﬁ'{ f8he Javgh tt\Plg lidAe ) he Cu ! %‘H%E Ma&%ggékvhﬁﬂr . 091@ of

the shell between the I ne an e seton |n§ scr I'i ne’
t hen renov erhbbdmnmeapihs tiaahtl] ingeotpansr. Difendieg bintheclitite afghoplestitapan ehlnengot he

scri bed cu t| es di stort the, dinensions of the out shel |
o6l noent t e pddsd: DR Fiot s R P e SV aieaH SUFE RAsedbr SronstiRsde

the cutti miﬁe@écoffsgleslﬁ:ﬁlﬁif |fr0h§th@({’i'?§ R bel SR RetaRR] 8Xé 8dr ol fiReof hbhetdlahd Bbve
operation will not affect the 25 desired di nensions of the finished nold

when the twes aoaldinhdpr theieghdr of diese errdls.aTbe shadls rotheadut along these second scribed

lines, and the portion of the metal mode] away from the axial line and between the second

cutting scribe line together with the outer shell formed thereon is then discarded.

What remains are two shell sections slightly larger than the dimensions of the desired

plastic optic part with a part of the metal mode] still in these shell sections. Accordingly, in the

20  mext step, the remaining part of the metal model in the shell together with that portion of the
shell between the axial line and the second cutting scribed line are then removed from each shell
section. While the cutting operation along the scribed cutting lines may distort the dimensions

of the outer shell adjacent to these cutting lines, in accordance with our invention, because the
cutting of the shell is done away from the axial line, the cutting operation will not affect the

25  desired dimensions of the finished mold when the two mold half shell sections are then joined

together to form the finished injection mold.

BRIEF DESCRIPTION OF DRAWINGS



together to formthe finished injection nold. BRI EF DESCRI PTI ON OF DRAW NGS
-2 19JUL20M WD 02/ 068147 PCT/ US02/00979 FIG 1 is a flow chart i l‘l uﬂffﬁfﬁi ng
t he general procedure for manufacturing a nold for a high aspect rga 0]

pl astic optical part in accordance with the present invention. FIGS. 2, 3,
and 4 illustrate specific details of the procedure of FIG 1, in accordance
with the present invention. 5 FIG 5 depicts a machined mandrel with an

el ectrof or ngd Shedyl; surrounding the mandrel and illustrabichgstaddotst

di scard region, 1n accordance with an illustrative enbodi nent of our
invention. FIG 6 depicts a machined mandrel with an el ectrofornmed shell
surrounding the mandrel and illustrating a second discard region, in

d i th L , . oSt Lon
accordance w . 1C ks d&’eﬁé&l%hér\é ftm@@ﬁ%ﬁg [el| pI%Fédll:J.lréG ﬁ)r'lrﬁ%%ﬁichﬂﬁo Fhid fbr a

illustrates specifi tails the procedure o , In accordance wth
t he preseriigh aspentatiorplasit Gptical whepn edcordanvs widh the preséntamvenhprect i on nol.d t hat
have been prepared fromtwo separate negative nmasters in accordance with an
illustrative enbodi ment of our invention. 1s FIG 9 illustrates a
round- t o- squar e Fii®$ {3 B napndciolllhstratet specifiadetabs afipieeprodedarehif ghiGak pe @tcordamte with
plastic optjcal part fabricated by our inventive process. FIG 10
‘illustrat eé-{‘ec?féseﬁf’é‘ﬁerﬁ@ﬁect ratio optical parts of FIG 9 arranged in an
illustrative wuseful configuration. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
20 I\/bde(ss) For ﬁéf%/ Icle:rfagctsqaij Ena;[:}rx]n?edl rrnlgn%rnetl Iw?tpx a:r))l electroformed shell surrounding the mandrel

and illustrating a first discard region, in accordance with an illustrative embodiment of our

invention.

FIG. 6 depicts a machined mandrel with an electroformed shell surrounding the mandrel
and illustrating a second discard region, in accordance with an illustrative embodiment of our

10 invention.

FIG. 7 illustrates specific details of the procedure of FIG. 1, in accordance with the

present invention.

FIG. 8 depicts two halves of an injection mold that have been prepared from two separate

negative masters in accordance with an illustrative embodiment of our invention.

15 FIG. 9 illustrates a round-to-square morphing collimator, an example of a high aspect

ratio plastic optical part fabricated by our inventive process.

FIG. 10 illustrates the high aspect ratio optical parts of FIG. 9 arranged in an illustrative

useful configuration.
'DETAILED DESCRIPTION OF THE INVENTION

20 Mode(s) for Carrying Out the Invention



for manufacturing a high aspect ratio plastic optical part using
fabricated in accordance with our invention are shown. First, a pair

exact nodels or duplicate positive masters of the desired plastic optic
conponent are fabricated (step 11), for exanple by machining a steel
mandrel . Next, a first and second set of negative master 5 segnents are
fabricated YOO¥M8142 and 13), for exanpl e by el ectrof orm nf™ '%@F’P‘Emaround a
first and second set of positive nmasters and then renoving and trinm ng

t hese el ectrofornmed shells in accordance wth our invention. Next, a nold
is built up (step 14) using the resulting first and second set of negative
mast er segment sRefpring|firgt to&mg,s flj thej tepsrfpemeafagtiting 2 RghASPIS! rajogPastis)optiel e
pl astic all . . Bl -Gal i ed
(stop 17). PbEiE gt RruSuER i itbor ARt b ol MGG oBPOR, 1BRL 5 el R
mast er s ar ;oddlovnduplicktt Gosifive nfabtess of thé dediies iptpsticlbprningivacmfard fabridated Gtepd
optical part are nodified (step 11%'%&‘ usi ng. conput er- ai ded desi gn. (CAD)

t echni ques Ik T e4KBPIE By dnashuvngi st %q*ﬂ«r?ln%éegé 2ofirst 3 sgpond icofmsBativednasteych,
.as cyrozac ' F.} 04 - 1~Eagh Jugy.i i1 dod | iched
(step 112) Friss s HioRGhE (AR 1m0 L R g e R NI i Bl 2o REN P
di mensi onsamf setdvd ski ofi pphitide opstiesaind tixaremiosing aod phmsigealkst electrofopicdshells in

surface finis step 114), for anpl e ej ght 8 angstro I 0ot - n

squar e ( RVECoRREor e biendi. NETChE Rt b reLh Sdpe Forbing g and
di amond- t W-BRAsePBS Beda@il/ ﬁm_@t@fkéghﬁé'ﬂts@ CF%QI%, }Ma&th: B ilﬁ@&&ﬂﬂltéf&{e Ghold $t&01 Hlgk,
such as copper, before polishing (step 114). Referring nowto FIG 3 'the

det ai | ed splegis aipwedbr dusafstepgl & fradithy Bnishrdpatival parrissemovedtegd@hrent ar e
shown. The netal nodel -or positive master is placed in an el ectroformng
bath (step 121) and is plated with a first hard plating netal to a

predet é? mi ned tHiectetaitesl ftenseqf fapriyating] the shyplicaieh pesitinenmasers gur shawreint Fltg, 2.t he

positive nmster i.s.plated .w t i gk o.a plating .thi of. 0. i
1 et er g ASid A ERsthedh A BliShed dhiRaBal it Boa P PR T S e 08Bues o
and its el eidéd ddsipnnEth Bhetiniquks aoaalshidvnadcburdtltis stbinkage of the plastic material, such

as cyro-acrylic, during curing. Each duplicate positive master is machined (step 112) from a

19JUL2005 WD 02/068147 PCT/ 0OS02/ 00979 Referring first to FIG 1, éhﬁusiq&ps
1 |
of

metal mandrel, such as steel or copper, to the modified dimensions of the finished optical. part
15 and polished to an optical surface finish (step 114), for example eighty (80) angstroms root-
mean square (RMS) microroughness. In one embodiment, a steel mandrel is first diamond-
turned on a lathe and then coated with a second metal (step 113), such as copper, before

polishing (step 114).

Referring now to FIG. 3 the detailed steps of fabricating the first negative master

20 segment are shown. The metal model-or positive master is placed in an electroforming bath

(step 121) and is plated with a first hard plating metal to a predetermined thickness (step 122).
In one embodiment of our inventive, the positive master is plated with nickel to a plating
thickness of 0.625 millimeters (0.025 inches). The resulting combination of the positive master

and its electroformed shell 51 are shown in FIG. 5.

25 Refer now to FIG. 5, which shows the mechanical arrangement of the first negative
master segment and also continue to refer to FIG. 3. An electroformed shell 51 has been formed

about a first positive master. The electroformed shell 51 is scribed (step 123) with an axial mold

-4-



25 Refer nowto FIG 5, which shows the nechani cal arrangenent of the first
negati ve master segnent and al so continue to refer to FIG 3. An

el ectrof ornmed shell 51 has been fornmed about a first positive naster The
el ectrofornmed shell 51 is scribed (step 123) with an axial nold - q52¢$
2005 WO 02/068147 PCT/US02/ 00979 line 52 and then al so scri bed (step

with a cutting line 65 thereby defining a first negative master segment

63. In the eyhbedisgmnt illustrated in FIG 5, the first negetius2iest er
segnent 63 is that portion of the electroforned shell 51 | ocated above the
axial mold line 52. A discard portion 64 of the electrofornmed shell 51 is

| ocated below the cutting line 65, and there is an 5 overlap region 67 which

is that porlined? @4 thdicaled seibed{(QEpTET) s\hexl d CLﬁ_ﬂng 06 % thddeblywieBiming Adirshriegdtive
nold line 52 and the cgtting | i ne 65. he 805|t|ve mast.er includin

i ts el ect r ORYIFBESEHEISP- g2 t eseremduzle%téﬂufi@esi ”&tFI ho the st Peeglivs mestgeg@smg,
for. exanpl e t Scar

port ion 64 6o3f p8 ggtor&dt rl?r%é)?&ﬂ%?gﬁ%% @agoo'gvge un eg‘f"g‘?ﬁﬁéj%r s%ecll(r;géard
regi on 62 qformdie6<poﬁ tHei alectrof@nred shell Sarie locetmb\beb“atmel aiting dind&d, adt therei is an

point in our |nvent the up ort ositive ter

i ncl udes® LROEHR %IO&Q@I ‘%‘G é’ﬁf Oﬁ’rﬁgﬁ’ére GVO s@bgﬁ L ??tegéef‘ﬁﬁgﬁﬁf’ear“% t h
its encaseqnggqhkBygn@QQQg&momgggg portion 61 as mell as the overlap region
67 and the portion of the oufer shell 63 between the axial line 52 and the

cutting line 65. The outer shell section 63 of the nold is then renoved 15

fromthe retai nqdexarme%ehb@&aeemcgm B4 crRBEb6rfnedOdheli 138 iSRGetstepr 12898t thkve
master. Finally, that "part of the outer shell 63 between the cufting |ine

65 and the Quting lidei ¢Peusi, |fer mamnlmdwmswru@bdlscme mwéum@réEDthndnhpehscard
portion of t ve qexagct i desi

PP hal ol o FBfROE Y Y CeP B T el AF st 5 R P BSeRE sk et o B e
axi al | ikne lﬁzsterafalrengoedjmﬁitdagdatdea, of the m)l d shel | section 63 due to the
cutting operation is confined to that portion of

At this point in our inventive process, the upper portion of the positive master includes
both the desired negative master or shell section 63 together with its encased positive master
model portion 61 as well as the overlap region 67 and the portion of the outer shell 63 between
the axial line 52 and the cutting line 65. The outer shell section 63 of the mold is then removed

15 from the retained and overlap portions, 61 and 67, of the model or positive master. Finally, that
part of the outer shell 63 between the cutting line 65 and the axial line 52 is trimmed away, so
that the remaining upper portion of the positive master or shell is exactly one half of the desired

final mold.

By cutting along the scribed cutting line 65, and not along the axial line 52, any
20 distortion of the mold shell section 63 due to the cutting operation is confined to that portion of

the shell section 63 adjacent the overlap region 67, which section has been trimimed away.

Referring next to FIGS. 4 and 6, the second or lower negative master segment 73 is
fabricated in a manner similar to the first negative master segment 63, with the exception that the
second negative master segment 73 represents the opposite side of the optical component that

25 will be molded. Fabricating the second negative master segment is accomplished by placing a

positive master or metal model in an electroforming bath (step 131), plating an electroformed -



the shell section 63 adjacent the overlap region 67, which section has been
trimred away. Referring next to FIGS. 4 and 6, the second or | ower negative
master segnent 73 is fabricated in a manner simlar to the first n?gfﬁdve
master segment 63, with the exception that the second negative mast&rJUL 2005
segnent 73 represents the opposite side of the optical conponent that 25
will be nolded. Fabricating the second negative master 'segnent is
acconpl i sheawby2/p8atfi ng a positive naster or netal nodel P@ET/ERO2/00979

el ectroform ng bath (step 131), plating an electroformed -5 1 9 JUL 2005
WO 02/ 068147 PCT/ USQ2/ 00979 shell about the positive master (step 132),

scribing an axial nold |[ine 52 (step 133) and a_cutting _line 75 (step 134),
cutting at shed aboutithanpsitiveanasiss siep1138), sething neaxial mokdhlngep (st8p 4dDod hehrg ve
master seg i at | t ) I Jy.. | ust .|, bed
above, the”E@%3%§K¥H§SZ§P§E%E§§#g$h§§g§%A§3$§§§§mgﬁ%ﬁ?ﬁ#%‘n#?%ﬁ$§§gﬁﬁ%§ﬁbg

retai ned regiaster segmerit tb ke peisli thoMdingd&ér(36)S Fusilnguites lesaibes abhat tieer &ckmdwn
inthe art. Refer next to FIG, K 7, which depicts the steps of buildi.ng up the
mol d for thBeS3HYS Baster sSempwininis seaisd [Bomisecand sgipineshierioa 7e8f the padiiYe Baster

sinultangoug&m%wégﬁ%#%gb%&¥kﬂ&my Laenegative nold segnents are fastened

(step 141) to Ixture and a plurality of |ower negative nold
segnents are fastened (step 142) to the nolding fixture. Spines and gates

added 10 (step éé‘fgl) néd® téw' %e\ghich'%.% &s El%ggs%ilaﬂatulpa{#glxg&a%r e B@g:al

field. Referring nowto an upper negative maste segnent

fabri cat ed €smoponant. fMesgt opticl torvpomeats tneay hesinnlged himudtbiepaslge ph plwedlitynofRigBer 3,
and a | ower negative master nol.d segnment 73, fabricated froma seco

posi tive maBtRRVLEPKy ERENSAEpLsapt Sicad 4h it é_%o%tr}g Res pf o P@t&ﬂl&_we%}gwer
define the Bég%'ti%‘&@ld%éﬂn@ﬁtk aﬁ%&%&(&ﬁ’@teb"’f@.‘? t&@x@@x‘xd?ﬁgg EQ@EL h%mesléld':ga"c@ dd¥ed
referring to FIGS. 9 and 10, a typical high aspect Tatio optical conponent
that nay bétdpaldp) satedredsisng toehmiquastbattaroknova ia thedigkd: e- t o- r ound nor phing
collimator 80. These square-to-round norphing collimtors 80 may be cl os€ly

packed into arrgK 90 and are especially
eferring now to FIG. 8, an upper negative master mold segment 63, fabricated from a

first positive master using the steps depicted in FIG. 3, and a lower negative master mold
d .
segment 73, fabricated from a second positive master using the steps depicted in FIG. 4, together

completely define the finished optical component when combined together.

15 Finally referring to FIGS. 9 and 10, a typical high aspect ratio optical component that
may be fabricated using our invention is a square-to-round morphing collimator 80. These
square-to-round morphing collimators 80 may be closely packed into array 90 and are especially
useful for efficiently coupling round fiber optic cables into non-imaging outputs. Each of these
morphing collimators 80 includes a round entrance, a square exit, a high aspect ratio of length to

20  width, and critical optical tolerances. As described above, these morphing collimators 80 and
other similar optical components can be molded from components from a variety of materfals as

cyclo-olefin polymer, clear acrylic resin, and polystyrene.

Advantageously, molding plastic optic components from plastic, using the methods of

our invention, is considerably less expensive than machining such components from glass.

25 Whereas the drawings and accompanying description have shown and described the

preferred embodiment of the present invention, it should be apparent to those skilled in the art

-6-



useful for efficiently coupling round fiber optic cables into non-inmaging
out puts. Each of these norphing collimtors 80 includes a round entrance, a
square exit, a high aspect ratio of length to 20 width, and critiQP% ﬁg&&gal
tol erances. As descri bed above, these norphing collinmtors 80 and J 0
simlar optical conmponents can be nol ded from conponents froma variety of
materials as cyclo-olefin polymer, clear acrylic resin, and polystyrene.
Advant ageousiyo2eei4di ng pl astic optic conponents from pl azwioroysousisrg t he

met hods of our invention, is considerably |ess expensive than nmachining
such components from gl ass. 25 Whereas the draw ngs and acconpanyi ng
description have shown and described the preferred enbodi nent of the
present i nvent {Qdus ichangbo Wag HaemaiepiartBé forinOoft the Sfvenkibh IvathouNatf@indl the scbpel 9
JUL 2005 WD 02/068147 PCT/ US02/ 00979 that various changes may be made in

t he form of thessef. | Fererrample, et argrembpeiaents ff oup invertigie wherpia, meie thop terampikle,
there are e i I J i than two netal nodels
are used to%ngﬁggeﬂgng%% t?ﬁ“aaﬁé‘%‘%er“‘nﬁ"&%?@%mn%F“?’%égﬁéﬁ?s. xxx%%x .7 19JUL2005
What is clainmed is: 1. A nmethod for fabricating an injection nold for a

pl astic optical conponent conprising the:ssteps of: (a) formng at | east two
metal nodels of the plastic optic conponent to be produced; (b) formng a

nmetal shell on each of said nmetal nodels; (c) scribing an axial |ine on each
of said netal shells; (d) cutting a first of said shells and an underlying
first of said nodels along a line below its axial line and the other of

said shells and an underlying other of said nodels along a



|l i ne above its axial line; (e) discarding a portion of the netal shell and a
portion of the nmetal nodel fromthe cutting |line away fromthe axihf JULR005
for each of said shells; (f) renoving the nmetal nodel fromthe renaining of
the netal shell and trimmng a portion of the nmetal shell between its
cuffing line and the axial line for each of said shells; and (g) conbining
the resul tWhyistoimeeisal shel | portions to formthe inj ection nold. 2. The

rrethodlnacord C claim.l e r& nmet al
model s i nc éhSO%t %refl% ca %g 61f1nje((tg>)n {Fora fas 1C OpEI a[i’cS ?(?nnﬁt com ns1€% ¢t a

pl astic tatebeofrml ded; and (b) adjusting d| rren5| ons of sai d nodel s
accordingly. 3. A nethod for fabricating an injection mold suitable for

formng a pl ic.optjcal conmpo j:Sing the ste of: fabricating a
bl ur &l Tty of CAEERngEAL 559 big ERGLITHEog e PRIS HB® stk R B isiuit f r om
first metal; polishing each of said plurality of duplicate positive nmasters

to an opti Ca{b) fo#nfr@Gandtdl Bhéilon cabll S¥GhidneRR A, sai d duplicate positive
masters in an electroformng bath; -8 1 9 JUL 2005 electroform ng a shell

of a second nmetal on each of said duplicate positive masters to a
pr edet er mi net®) saribirigan gxial lingonigaghcpf s3id metabshel| d parting |ine on each of said
el ectrof ormed shells; cutting each of a set of positive masters al ong

predet er mi “%()){?M{ {A%apgrs At*l?% shis" and 41 &d&?‘?@}ﬁ ﬁ)rfst or}%%Ho\Aﬁs gl%ﬁ%?fngesb%ﬂma nts,

wher ei n each negative nas i on of th
el ect r of or netls &died lihe aidahﬁ otherpb sdid shels mdsmenderlymgmsthengf seglahodels abagd negati ve

master segnmepts, by renoyi. fg an overl ap region

(e) discarding a portion of the metal shell and a portion of the metal model from the

cutting line away from the axial line for each of said shells;

(f) removing the metal model from the remaining of the metal shell and trimming a
portion of the metal shell between its cuffing line and the axial line for each of said
shells; and

(g) combining the resulting two metal shell portions to form the injection mold.

2. The method in accordance with claim 1 wherein the step of forming said metal models

includes the steps of:
(a) determining the shrinkage rate of a plastic to be molded; and
(b) adjusting dimensions of said models accordingly.

3. A method for fabricating an injection mold suitable for forming a plastic optical

component comprising the steps of:

fabricating a plurality of duplicate positive masters of the optical component from a first

metal;
polishing each of said plurality of duplicate positive masters to an optical surface finish;
placing each of said duplicate positive masters in an electroforming bath;

-8-



conprising a portion of the electroforned shell interposed between one of
said predetermned cutting lines and said axial nold parting |ine;
separating each of said positive nmaster segnents fromeach of said ﬂegg‘ﬂihm
master segnents to forma set of negative nmaster nold segnents; and
building up a nold froma set of the negative nmaster nold segnents, wherein
sai d set of cloegfirniug avhell effa sevdnd nsta) 0w Bdch of spdupliedty pabétfve mestetstiea pl ast i ¢
opti cal conpon eqem dt};l'_c net hod of claim 3, further conprising the
prelimnary BYepS oI "Uet'€¥ i ni ng the shrinkage rate of a material to be

nol ded; and rmdl fy| ng di nensi ons of said duplicate positive nmasters to
conpensat e f @tibimgiafl axislhéld katifg lidd @ eah of Bhid eltefrdtonnedfshellspi m 4, wherein the
step of nodifying the dinmensions of said duplicate positive masters is
performed using conputer-ajided design technjques. 6. The net hod of claim 3,
wher ei n sai deytfinesachefiaet ofposiiyemastads HlongaAredstermingd eytinglies fo fagn a et copper
steel, C0ppesf&gﬁive%a%e@gmeﬁmvheiembh SR RPatie SRister degmEhte comirlRech of claim

3, vvherel n said second al is a hard netal. 8. The nethod of claim?7,
wherei n sai dP‘Png‘tiofrfbﬁt‘dFCth"rﬁFQ:ﬂEll aboyt a pORIVEERISH of claim 1, wherein said
nold is suitable for injection nolding of plastic materials selected from

bory ot yr B Byl BEOF s oy & iplel NI renfol Ban Bl kepicco 0 B0C
for ? pl gslti gomm'tSingalprU@npﬁthentecmqumedshqﬂgnmmesedtbewegbne dotl‘@t)lm ng t wo leégct
nmetal node S{)l%{letélﬂ'ﬁ'rﬁcgt%lh ﬁ%#&m&&)ﬂ&? artﬁ{%cl&‘é produced by the nolad;

formng a neta el'’s;

separating each of said positive master segments from each of said negative master

segments to form a set of negative master mold segments; and

building up a mold from a set of the negative master mold segments, wherein said set of

negative master mold segments completely defines the plastic optical component.
4. The method of claim 3, further comprising the preliminary steps of:
determining the shrinkage rate of a material to be molded; and

modifying dimensions of said duplicate positive masters to compensate for said

shrinkage rate.

5. The method of claim 4, wherein the step of modifying the dimensions of said duplicate

positive masters is performed using computer-aided design techniques.

6. The method of claim 3, wherein said first metal is selected from the group consisting of

copper, steel, copper-coated steel, and nickel-coated steel.
7. The method of claim 3, wherein said second metal is a hard metal.
8. The method of claim 7, wherein said hard metal is nickel.

9. The method of claim 1, wherein said mold is suitable for injection molding of plastic

materials selected from the group consisting of cyclo-olefin polymer, clear acrylic resin, and

polystyrene.



defining a |ine through each of said shells, which |ines delineate upper and
| ower portions of said shells, said upper portions being equal and1§fi®_wm
| ower portions being equal; cutting one of said shells along a cut | A
above its delineating line and the other of said shells along a cut |ine
below its delineating Iine; renoving the portion of said one shell belowits
cut |ine andAnithoddsrifhtaitatirg sdhjdctivhhmid fos hplasticalptivat corhSonenttcomprigng r enovi ng
the part of the petal nold above its cut line fromsaid one shell and the
part of tHe'REC 4l nold belowits cut line fromsaid other shell; trinming
away the segnents of each shell between its delineating line and its cut

line; and ceingitngetddemétalthddeisod the PlaktiOdpsic 0bmporest 1 Bepratttes 8y theot her shel |
to formthe injection nold. 11. The nmethod in accordance with claim10

wherei n sai d™t%p of fornming two exact netal nodels includes the steps of:
determ ning the shrinkage rate of a plastic to be nolded; and adjusting

di mensi ons Of,3@ld HRASh A SHshidin¥etal dddeldhe method in accordance with
claim 11l wherein the netal of said nodels is selected fromthe group

consi sting of copper, steel, copper-coated steel, and nickel-coated steel
and the net dé¢finfg adéviedhrotghl dash ofsaidishddls] whidiBlineT Heinemt hpetr amd laweror dance wit h

(r:rl)?:jrsn 2'(2) n}l)\/pieécgrjggréslsoe I(s:zglcrl (s) tegrg, r%gi];(% éfi,gé_’r ?ﬁgnssbaéﬁn% egl?atl g.‘rlnd ssapcfallml;veroﬂartio%gggné) f said
equal,

cutting one of said shells along a cut line above its delineating line and the other of said

shells along a cut line below its delineating line;

removing the portion of said one shell below its cut line and the portion of said other

shell above its cut line;

removing the part of the metal mold above its cut line from said one shell and the part of

the metal mold below its cut line from said other shell;

trimming away the segments of each shell between its delineating line and its cut line;

and

combining the remaining portions of said one and said other shell to form the injection

mold.

11. The method in accordance with claim 10 wherein said step of forming two exact metal

models includes the steps of:
determining the shrinkage rate of a plastic to be molded; and
adjusting dimensions of said models accordingly.

12. The method in accordance with claim 11 wherein the metal of said models is selected
from the group consisting of copper, steel, copper-coated steel, and nickel-coated steel and

the metal of said shells is nickel.

13. The method in accordance with claim 12 wherein said step of forming said metal shell on

each of said molds comprises electroforming.
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