SYSTEM DEVI CE, AND METHOD FOR PRODUCI NG THI N PLASTI C
LENSES FI ELD OF THE | NVENTI ON The present invention
wo edoasm3igeneral |y to the manufacture of |i ghtPCT/US2005/039190
transm ssi on devices, such as thin plastic | enses or
wi ndows for electronic devices, -nedical diagnostic
equi prERTEM, DEVECE, ANIY METRIORFORBRODUGING ot i ve
component s, and OFHEN RIph$TEQLEDHES BACKGROUND OF THE
I NVENTION I n today's el ectronic age, nany el ectronic
devices (e.g., wreless phones, personal digital
assi stants, audio players, etc.), nedical diagnhostic
equi pnent, consuner industrial appliances, autonotive
conponents, and other devices include display screens
that are protected by thin plastic w ndows or |enses.
Such light transm ssion devices are typically produced
using i njection nolding or extruding processes. In
nost applications, it is desirable for such |ight
transm ssion devices to be inexpensive, inpact and
scratch resistant, optically clear, and
di stortion-free. An inportant issue in producing such
light transm ssion devices is the managenent of stress
in the fabrication of the device. Stress is basically

force per unit pIED ONFTHERNVENTIREenonmenon in the
material is actualTy 1 nduced stress, which is the

resi dual effect. of e nol di ocess. . The e
P Pt b oMl e Ry KD RIEER st ot
. ot y '

ansSRIFC O, (i BRI RIR R M i bon,
devic&jlm@ii@il—-dia@ﬁéﬂ&téqmilﬁl(reng—.conﬁlkmeﬂiﬁddsﬁéa~ plianges,

process, including the injection nold) and also in
autoraeieve ¢amponerts, @Iﬁmgppiséﬁﬁcp‘rsocesses (e.g., through
i ntroduction of chem cals and/ or nechani cal treatnent
of the device). Sone stresses may be relieved after

BACKGROUND OF THE INVENTION

In today’s electronic age, many electronic devices (e.g., wireless phones,
personal digital assistants, audio players, etc.), medical diagnostic equipment,
consumer industrial appliances, automotive components, and other devices
include display screens that are protected by thin plastic windows or lenses.
Such light transmission devices are typically produced using injection molding
or extruding processes. In most applications, it is desirable for such light
transmission devices to be inexpensive, impact and scratch resistant, optically
clear, and distortion-free.

An important issue in producing such light transmission devices is the
management of stress in the fabrication of the device. Stress is basically force per
unit area. The resulting phenomenon in the material is actually induced stress,

which is the residual effect of the molding process. The more elastic the part or
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fabrication, for exanple, through annealing. In an
i njection nolding process, the results of stress are
WoR®hl0y02p@r manent, unl ess a secondary stress reCT/@62005/039190
process is introduced. Stress, particularly undefined
and uncontrolled stress, is_normally undesirable in
materigly the ] pest pesmanent the staess, au this selationship is hesmesulys of
1 tieﬁ%&mple may be a "scribed" part (i.e., a part with an
elastiflft-entional |y introduced nmechanical stress that allows
t . : i1} [ ion
oPEcEhhy PR iRBu e PR b oRR T telRaoh B of
throuph ghé nicl@igpreseds) ir(iﬁ‘icﬂi@lg&hﬁmje&tﬁ)ﬁ hpld) dndalsbqn adtillary
uni ntentional " stress. Polyner flow is non-New oni an.
and/ diedwwnétaearh pracdsebmiel o threagh inthedudthen of densicaly atddor
not change mﬁ} a_change in shear rate (f|OMIraé§2.
Y

mechapigaldrentient of the deee)y Mome strsses mayDereligyed A

. I nd_ Vi Si 1l.n ot 1.C
b SR e e B o R LU URRTLE e
result§ ©P§ir8dsGit nYbsIFOSernYarieht Athlbsidh SR0hEArY idéssSRRES proRbS is

i ncreases. Shear stress is the stress ‘caused by

introdutedr nal | ayers of nolecules flow ng at different
speeds. Nom nal flowrateistheflgwrate obt ai nabl e
tressy particulaly undefipned and pacanpled parss isnemnally yi ng

e B ARSNGB PR EERTES LS oy
be a ”gﬂ‘ﬁ%d"gpa{aq i?e{.){%%?ff S48 LhnRABAREE thirb decRPh et REMEA REress

stress. em that can be caused by uneven

that alfolveché partabiberirekenat a I‘ce:itﬁ]trﬁ{cﬁiﬁt ash fescim ofuddheThus,
-~ light-transm-ssi.on..device-is-birefringence. T
one c@isidenatingdn the srewiactupeef light transeissipa dexices saay be the
) e .indices, of refraction. This causesbeans of

nﬁtigﬁ%&%%ﬂgﬂp‘rmm t STt erent vel ocit | es, which can

PEOUHEE Bonk 4 BRG0S0 IR OEN RIS ot the
viscoégtg{/?%ée%g;bt%ﬁﬁﬁgé wath & BRahgw/iendhieanratk i(fbily ratenSihe@lastic is
a polymer, there is a relationship between shear rate and viscosity. In the flow
dynamic, increased alignment decreases viscosity. Decreased and consistent
viscosity is an indication that shear rate increases. Shear stress is the stress
caused by internal layers of molecules flowing at different speeds. Nominal flow
rate is the flow rate obtainable with relatively low pressure drops. Molds with
varying flow rates caused by the runner geometry introduce pressure variations
and/ or drops that change the varying internal velocity and speed, thereby
inducing stress.

One problem that can be caused by uneven molecular orientation or

internal stresses in the light transmission device is birefringence. Birefringence

occurs when the lens material has multiple indices of refraction. This causes
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such as clear plastic | enses/ windows for use in
el ectroni c devices, nedical diagnostic equipnent,
wa@eos0pes0 | ndustri al appliances, autonptive coPQDNSINT)39190

and ot her devices, are produced through an

I pi. I on-C r&s$si 0 Ldin r.coinin i
bearns ghlight EEa RS dire ooy Spciise  Birvam notaf BFaRRa |
effect W&ff@@ﬁ?is%i&%eﬁ%@%ﬁm $Rgsds. of the invention,

nol di ng equi pnent and processes for the manufacture of

conpact discs and the like are | everaged to produce

I ight transm ssion devices. The cogpact di sc nold may

be nodified QBT h the outline

of a product geonetry including a center bar (with

B R SRR th el p¥ttt dF tRE enweintivl, Hght tranhedbsicndesices,

The nol ded product 1s fornmed using an i
such as dpgcplastic oses/asimidow ok dise ¢n pleotrenis. devieas) pwpdieal

| abel , image, graphic, digital_code, RFID tag, or

. .

diagnostiteqUiPRseSHaEPFHIRT méﬂﬁm%é apRlianees; AP fmpRRents,
nol ded product., A fiJ st de-gati .
anct ot 5L 5552, Bkt S loal PR P B Rl e
coinin%tl'&e%pﬁ Wl 8 e ROATER T 0Rdl ihnkPs Y8R kHmihsted.
anpl'e, using a hole punch that ‘operates through the
B0 hecotiande withtamethel abpedihef the isesntime nsaldangequipinah

t he nol ded product, for exanple, usin ..machi ni ng
and prpeessessfor themeswéadtarce! Wmﬁaﬁlﬁ@%é\nda‘gﬁgéﬂe age levrraged to

produd SIS o B SR B A e o

otherwiQd Eﬂrﬁg%{rgg Wik ﬁ’?éjomi?\‘é'*&#%.l Pongt g&l)m_etr including a center

I njectin-conpressi on nmol di-ng--or-€ol-At Ng technique; -

' bar (witR¥Mied@pAud ARldlualthspkus hormatidediented. Thednoldedand

separating each 1ight transm ssion device fromthe
productib fieingt usingtan iffestibheglompressisninelding peadese Adidlogiyn,

ginclude an out)]ine of roduct geopetry.including a
Label, ignpgeegraniic, QU codh BFIL (78 F BT aecqrtiorh o tearhonay
. _attached, | i 1S SA Vi ra £hs
v noEp R TRpL A GRS L B ey frbeltimatel
the res#tEAspriONs ?i‘ef@ﬁa’iﬂ perfoRhellevith thehtitded prodectsoilldedhe
product, ‘for exanple, by including an appropriate
mold, firaxangple aidieg adobppusch thetopierates thueugh. the kerenelopl of

may al so .
the mold. The Ienses are separated from the molded product, for example, using
a machining process.

In accordance with another aspect of the invention there is provided a
method for producing light transmission devices. The method involves forming
the molded product using an injection-compression molding or coining
technique, removing a residual sprue from the molded product, and separating
each light transmission device from the molded product. The light transmission
device mold may include an outline of a product geometry including a center bar

(with center sprue/hole) with one or more attached light transmission devices.
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i nvol ve various finishing processes, such as
nmetal lization, coating, and printing. |In accordance
wowaok/05026d her aspect of the invention there i sP@r/ostodsas1
a light transm ssion device that is forned by the
process of form ng a nolded product using an
A hologrpev dalsl, isorgs esaplie digital engleoREED tag, ny dthehdéauation or

ot RSB P 5 T o LS, S 20
R L e R TG

involvRatRaMinibliRe! protsReE sudh ap M&m1&habf+ﬂéga]ﬁggﬁ?nﬁﬁkaﬁng.

tag, or other decoration or feature.

tInacsoidesiconvithe ancthemaypert sbthiainivedton tkereris peoeided a
) addi tiqnal features, such as nmetallization, coating,
light trggwmypsian deyiqedhatisdermed bydhe paesrse offarming e melded

produfE B85k s8loldBoh e St G B L ARBR K oving
. i Na i3 ' k and a
e BRI GLISRID SRR ARG St °r ¢,

transnéisgion dievicegeonithe yndldet ygbdgctd TRkt tBaisniisbibh deeideer
_sprue/ hole) with one or nore attached |ight .
may incluge ane or srprgdnimelsied faaturesy sugh bt a dlolegrdnt, babel cnmge,

oo o AR el o
e R R R S

metallivayionpcdatin®) bedpridtitghfeatitlesed product, for exanple,

- by-incl udi ng an appropri at e-stanp..or..other __conponent
Wi e¢erdianee withdanotheraipegtof therinwention drave édpfavided he
| ens assenbly,. preferably while the nolded product is

apparatih F BRACHOHg HERG BROSNon davgsee. (hepRRRss dndludeta

mold RTINS RO NEolPAE #HO04FHY RA e
ouling Y ledus e o1, ngdicho o acdaryarhon
with odevi ceonesitéiched tight trehsinisgiomadénioes. Thweecdviitgtiilock and the
core bl%gl? glgem}.ﬂsa%iec? ri]n gemv(iﬂ%l?ng machine. The molded product is formed
using an injection-compression molding technique. A hologram, label, image,
graphic, digital code, RFID tag, or other decoration or feature may be in-molded
in the molded product, for example, by including an appropriate stamp or other
component within the mold. A residual sprue is removed from the lens
assembly, preferably while the molded product is still within the mold. Each
light transmission device is separated from the molded product.

In one particular embodiment of the invention there is provided a method
for producing a light transmission device involving introducing a light

transmission device mold into a molding machine, the light transmission device

mold having an integral runner in substantially the same plane and with

4~
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nol d having an integral runner in substantially the
same plane and w thsubstantially the same wal |l
wo biosksrse as the |ight transm ssion device; |iPgBUS00§039190
nolten plastic into the nold and conpressing the nold
to forma nol ded product through an injection/
substantiaily dsessame noildthigknespaethe; lightdransoniasion alevice; injecting

moltenyp {é‘é‘g“iriﬁ”»%a% ROl PR BB FHOALS J0TH TSIy
| u an.out |l i ' . 1.SS| '
produg b AR T el e deh kg ARXES SrpirE ety
separa%i‘?\gnﬁé 11'(g!h9 PlankFAREH 85400 0y kem@ldé@pribuct.
substanti al Iy devoid of |ight transm ssion device

fiaatlatebembotirhbats, theenoil nhay ipcludeen dwtliae of dnklightom

whi ch the light transm ssion device is cut. A residual
transnaipsioe demicetsechdhafithg meldad radue) lﬁéhldf?ﬁ Gefrbstanttiyn

I d. f i na. i
shaped SEhEBaRe it Care PEE ey ot e Bl g
uansrﬁ‘ig%iégﬁeggc%ffﬁaétdrngﬁ Qidpehal Bleahsf PR Y $ blaki P6miwhich

_ ten plastic into the nold, a stanp
the ligh®¥raBSmiddisrodeeied id difto A fsidmll éprddmaytizEemocidites te
arrangenent of pit art features for producing at |east
moldednerodptt vwathin ¢hemeid dor axathplerby qutncpingigut themesidua
arrangenent y include a plurality of.pit art
SPrue-_sérTe el eiiience TRy %Slﬂrgég? c.lu‘yl‘ﬂg t@'{éam:ﬁcﬁy al so
inc e rr - [ £ ,t ;
ABGP e AR RRALs, BrioR AT PYECGRE] il iphpidide nto the

mold,*armprﬁ O iHe¥HGEed BH6 thamotd hThegtanp iddlades amp may

- 'be tormed using a substantial |l y-conventi-gnal | aser---. -

arrangeeaentiod gt aie feataseb foo ppoduhing ableaspend opticalreferendedn the
di scs. Ceneral |y speaking, ol ogr a

moldediprpstuch Fheprieagement glaydnclugdge . QW% Haigg%t’ssg{f—cirdes
anct s TR g AL R R bt
e B COREE a0 e, A, i
such dsti ieldpeirng Thesedrap maseberferkiatgusing i Sut&taré@i"}’i cation
converr?ti‘itoggl lgseeq‘obseiatrril ?Qcogggrhlils%%’ to%lriogm:e? gtatanes for information discs.
Generally speaking, a hologram, a label, an image, a graphic, a digital code, an
RFID tag, or other decoration or feature may be in-molded in the molded
product.

In other related embodiments, metal may be deposited onto the molded
product. In an exemplary embodiment, this is accomplished by introducing a
selective masking within an application metal deposition machine, aligning the
molded product in the metal deposition machine using the at least one optical
reference in the molded product, aligning the selective masking with the molded

product, the selective masking exposing areas of the molded product on which

metal is to be deposited, and depositing metal on the exposed areas of the
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nol ded product in the netal deposition nmachi ne using
the at | east one optical reference in the nol ded
w@e@dost230 al i gni ng the sel ective naski ng wi th PEEUS2005/039190
nol ded product, the selective maski ng exposi ng areas
of the nol ded product on which netal is to be
molded udte Cheand] dighpsiduichmaydtesdlignedtinghe xpetabdepositaen
_of thenol ded product. The | ded product nay_b
machirg tils;n% at laast ﬁ@e aba met“—béng%f%fﬁnﬁ%mi A8 qp&ﬂﬁbreg?r%%st
ne.o chanj cal reference and an optical reference
formeC?mﬁb@dnSh@fﬁf Cged product. In ot herprel at ed
o . .
P B o B e Bt B o on e
molde& PRbdHEs Cdtirigsithag iddadapratective@stings] antiHiagerprint
_ coatings, and ot her types of coatings. Coatings may be
coatingsp phtieglateycoapings,cout dthgr tylyesiof gbaings oaprtiRgs May be
. formed one, side at tinme. In ot her ,rel at.ed .
applied R SRIHEPREE. af YRICALDAPHYSS a#eeftoaglﬁﬁi%% Sigapt e
eat,ur es £ d I : .

L5 B S8 B R o R et PPk o Beatures
may b@pht&HbAThERIAEAPREd @, foR@xhiydd) sty & brintp weth UV ink.
y p?ovi ded a system for produci ng\pgal [ gh(gt transm ssi on
(e vhother palrtictilag embodgient ofbhe nivgsntton theve tcpreyiided a
having an integral runner in subst i al ll{gthe samne.

systengfq@odﬁarﬁa%g GisaraniIsFian devidransiidinga st aokusion
. S .l Lrans . ' - i i .
devicegpld Baapd RS Tt SR Sie ), MR Igp IR ghaSvith

» »supgfa}{glgggf O Sh R W ANHRHARSS §s Y RsHthiearERhidsioabvice; a molding

pressing-the-mold to form-a-nol ded product--through- - -
machig®fdrijeegivirgnthediphtrteasintission di ivg moldk eyestingwhodten plastic
separating nmachine for nechanically seaar at.in

. . : t he
into theimgold, andiromprepsing dae mald te frn pancldedgrogrsiiepugh An
.. .related enbodi ts, the noldin ' a
e S SRR b ST} R PR R .
mecha%?éaﬂ&%%?g%ﬁ{gﬁ\equ &ﬁgﬁﬁ?&q&ﬁ Bel b dMIthe mslisE prodii&.
Separattng Inemay be a CNC machine, |aser, punch
theelatsd einbodimBat) e Pohingmmehitoneyisr asebstaetidllyght
transm ssion device fromthe nol ded product.
conventional injection/ compression molding machine used to produce
information discs. The separating machine may be a CNC machine, laser, punch
die, or other machine programmed to separate the light transmission device from
the molded product.
In other related embodiments, the system includes equipment for forming
a stamp having an arrangement of pit art features including various optical
alignment features. This equipment may include a laser beam recorder and a
punch machine for punching a keyhole in the stamp using at least one of the

optical alignment features as a reference. The stamp is introduced into the mold

for forming optical references and optional product-specific pit art features in the
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In other related enbodi nents, the system i ncl udes
equi pnent for formng a stanp having an arrangenent of
w@Raoeast23d eat ures i ncl udi ng various optical al PQNUEID5/039190
features. This equi pnment may include a | aser beam
recorder and a punch machine, for punchigg_a keyhol e in
moldedhpredugtp The stagnpmayebg torarsl wiing psubstantially sonygRiepal
features .as a reference., The sta i s dntroduced into
laser boRn FEiORARTPS D TG G oo PLAME AN i opt | onal
PEPSe} FIRGRE! é‘ﬂlﬁocﬁﬁﬁerﬁé,tthfa? tHﬁlel%ag indlngeyy %@gﬂ deposition
product . e stanp may be rmed using a substantially

machimrftbﬁdé?@ﬂﬁhg Indetel oot meslded irodaeld A geletBv atasking
stanps for information discs. In other rel ated

may hertisedi for axposing ereag of dhe mojded prediect omwhidh metpd 43 ta lom
machi.ne for depositi.n tal onto. the nol ded product.
deposnede Teryienmites aAiRayale or eBarmad e ekidp BORUE of
. . L g .
machipdofHeBEdiE SaUEks B ML th B Sojd  bibdiRe TRAS)HE |
may $RRIHaNg iffGHE R riYing fRRBirld 8 pYRtnQUS 168 I0nkd8at@ie bhthe
nol ded” product.” The System may optionally include a
moldgt praduxy. machi ne for printing at |east one feature on

LT N A ST T
o s ESh GRS Pl b devies

, ' | forRithg 3eheit bit t WAtHEInment
mVOI‘fﬁggﬁngis&?%E? F]deﬂlgtg gﬁpwgﬁbstrr at g%ét %e gl i gnnent =

featuree it theestampodubdirate, shealigmnent featires thdugirtg apit arbring
...... centering the stanp tS ubstrate i-n-a -punch machi-ne-usj.-ng. -

* and aifears boxegentering thesstampoptistrate et Brael maching paiRg Hhe it

.a keyhole in the sta substr at ucgh.that .a cente
art rinfs 2208, O Bl FlafPe NG PO Ecr S nt i wpmit iShpte
el fgrRAr ekl R aNTRRcL MRt
such %Eg?gélﬁtgggﬁg\??&ediglgggiﬁﬁ or use In injecti on;é pitart
box. conpression nolding of |ight transm ssion devices
including a substrate and a first arrangement of pit
alnt aiaheupagichlaresabodimens thensds paeededa device for use in

injection/ compression molding of light transmission devices including a
substrate and a first arrangement of pit art features formed in the substrate for
producing at least one optical reference in an injection/compression molded

product.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
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producing at |east one optical reference in an
i njection/ conpression nol ded product. BRI EF

WOERIBeRERI) ON OF THE DRAW NGS I n t he acconpanyi PQI/US2005/039190

drawi ngs: FIG 1 shows the outline of an exenplary |ens
assenbly, relative to a typical round conpact_ disc, in
El2 dr strvesethsi ddtline obah exemptarydens asseprbdgaglative to a

_ .invention; FIG 2 shows a cr.gss-sectignal vigw of a
typical ggpad cAntRach dwaﬂaécwﬁn&ﬁ VEEH AR Fﬂé?ﬂdqmenf ﬂtﬁb"-r RISt
inventil nvention;, FIG 3 shows a cross-sectional view of the

fBid of FIG 2, with the core block noved into

PIc dHows X\’ic#d%sls@&i&?a‘l ivhaty D aGkold i Re6RIARBGENRAN an
enbodi ment of the present invention; FIG 4 shows a
embodfihessofsetyresalt ivieitlosf, the nold of FIG 2, with the
core block noved into proximty with the cavj bl ock
Bl Jishavesa presstseetiondl séew @f ithe sald of LG %Wlﬂf‘ e core
accordance w th an_.epbodi t of .th I .
block mqllq %r}te réﬂiroaﬂ%fy erhicaig o R HIERAM D B (e
1 h: the core block fully engaged with
embodgﬁe %gvﬁefgg?%igﬁ%%%e@hi gh conpression force in order

FIG 8l siws Beremlseetiomil aséwaf tthe oltyf FIGI 2, thith dhe toze,
i n accordance with an enbodi nent of the present

block m«lmed] initorprofinGty &viththescaxitydecipand ynoltsplaais yeged into
the caviie 1 aesURaTRe HBRNGTODRR WA Gt RESGTECRT o '
tion. F 7 A f] - i
s e S R S e
block fgpg‘@?lgégéif cadiR dagiBlbileufBORightvimpressibh ¢brcelinoeder

enses in the nold; FIG 9 shows. an :

to allowl the mneltéry plastiotrefullyyfll ¢he cawity, fimer¢drdaneswitdipar at i on
embod(i)rfneil? (e)f the present invention;

FIG. 6 shows an exemplary lens having a clear window surrounded by a
metallic decoration, in accordance with an embodiment of the present invention;

FIG. 7 shows a first alternative embodiment in which there are three
lenses in the mold;

FIG. 8 shows a second alternative embodiment in which there are four
lenses in the mold;

FIG. 9 shows an alternative runner system that facilitates separation of the
lenses from the runner during the second de-gating process;

FIG. 10 shows a stamp in accordance with an exemplary embodiment of
the present invention;

FIG. 11 shows a selective mask in accordance with an exemplary
embodiment of the present invention; %

FIG. 12 shows metallized areas surrounding lenses in accordance with an

exemplary embodiment of the present invention;

-8-
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| enses fromthe runner during the second de-gating

process; FIG 10 shows a stanp in accordance with an
wex@apb@sy enbodi ment of the present inventi onPCHFUR003039190

shows a sel ective mask in accordance with an exenpl ary

e di of the present invention; FIG 12 shows

ngfcg 5 Sa"’r ewss-seFtianahyiamgof ﬂm&npletai:discdaawrdanm

T T 'CQVnSPte{ 83 5.' Sc
i B‘%““W‘s BOBREL TRy B iPE

stampsimoawicogdaice vpitla eyt eké@ilﬂarlfy@rnlﬁcbcﬁﬁ@éﬂtrdﬂ tRe PRt irﬁfen’aon,
Pchordance wi th an exenplary enbodi nent gf the present

i Kéedbiisn IO%IF dowi didgsam shoyviogfexempdamgiogio b prodacing

exenp c for du0| enses i.n accordance
lenses iy %{%5‘2 Fm eéﬂ@&ﬁﬂr Q?Lmt% op thes prasentipe gntien;
and and FIG 16 is a block diagram showi ng the rel evant

conmponents of a light transm ssion device nol ding

SHIES. €61ié A bhskQidBRER s%%ﬁfhéfé%ﬂﬁ% ?g%&%ﬂggﬁ‘ht 1ight

t he pr esent i nvention
transrﬂaﬂm%ﬁraam@nysymehmmoﬂmmnb fantdxeniplesent

nventio ght  transm ssion devices (e.g., |enses/
embom E? BFGSGE‘EH}Vﬁn@P@ct roni c devices, medical

dlagnostlc equi pnent, consuner |ndus;r|al appl i ances,

aut onoti ve conmponents, and ot her devices, are produced

t DERAILED DESERIPPIONOOR £ PREFERRED EWIEG DIMENTY
———'__t_'_'OTTaT—I"U'I’TI’TET—S'y'ST‘E'ITT‘I_S'

process I n Whi ¢h the conventl

e ru ner COI’TES an . int egral

R e P IR R g e S
lenses}’%&@«ivh)?’fdr%s&hﬁefé@ﬂ%nﬁj (?Eﬁﬁces fl‘%c@&ftl #g%qu?g ﬁ#plgé?t he

ame wall thickness
consumhey irechisstrislgpplahces) tae@bbtif g BBﬁfpoQﬁﬂtsJ aAlicTReMVd &tk he

produceelzcll mrg%tgﬁsan injection-compression molding or coining process in which
the conventional runner system is eliminated. Instead, the runner becomes an
integral part of the molded product. The integral runner is typically in the same
plane, and has substantially the same wall thickness, as the molded light
transmission devices. Such an integral runner application virtually eliminates
the pressure drop or differential created by conventional runner systems, and
therefore allows for an oriented, substantially laminar flow that significantly
reduces stress and adds strength (flexural modulus) to a low molecular weight
material or high melt index (high melt index is desirable for flow characteristics,
80 preserving its physical integrity is advantageous; low molecular weight

materials are typically brittle, although this characteristic might be tempered by

the low stress and molecular orientation).
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the pressure drop or differential created by

conventional runner systens, and therefore allows for
wa@arooens®eat ed, substantially |am nar flow that PCT/US2005/039190

significantly reduces stress and adds strength

(flexural nodulus) to a | ow nol ecul ar wei ght nmateri al

druting moehding,iarrdesap(inay bermsed t¢ piedudesvatésiy ‘Giit ertf or

flow characteristics, so . preserving its physical
features pr the W%%f? B adbs farf thsscanifgrmachelpgram or

other (AL hedieht esfsyin Peks SndipAidd folp virigusogrie!
referei®s6HbAEN DAL S Aol pEHUR auﬁ*ﬁﬂgdxi'eﬁﬂ)usaﬁﬁkgf% Ig&gﬁeﬁﬁs

used to produce various "pit art™ features
such armhetebid gpasition, corting pptinting, drebmieclesnicarseparation of the
) hol ogram or other feature_on the Iight transm ssion
light typngpugsion deyicesfrom e meldad pradiies opti cal references

' ing,.th | ded d dur.i '
o irdisnigt ePRube Bl fEe A ubloyapsdntt %}F%@SSW%,
i o 0 ARG A 06, iy
runnesBaypivatig deagdted gn thatol@ (typiiatigWivile thy @yiisineas teer

. to reduce cycle tinme and inprove optical

vicat spftgning rointt theseb elbmgnatingitheditstde-gating Tipergtismentside of
rynger .is typical].y de-gated in the nold (typically

the mdjf 1B anpliLas Bnlits $5ph 5yt Rhacdis PRdnmis Drrtarente

. ! L A . - : oy

point (51 LR ARl oSSR RSLRUO8 Thg

light tRhefiggorRdeites bfé&iypidaﬁ?%@p@fa@ed)ﬁiom tHeerifhner Qhﬁﬁ{égﬁeb)
to facilitate subsequent .  processi ng.of .t he npl de

seconcpde-gatimperbresh te.gr, awbrg & booknifieo wlivesoric eppligitic, lser, or
separ at ?d fromt e,ru[nne during a second de-gating

other mechanical progess). (IpHealanilyor prgoharical refgrenge points can be

s QBR85S el OB AL L aREEESY)

T o8 D o ok
moldirgrpustiesss tadofquipmept esditioniallyarseiddor praduliing compact
discs, 8 lieoried ok paIAUL GBS abilthe ke i gfe herevontiandsi
“inforfa8SR ’dis%g% atu%qexlreizriégecﬁ rféerf I?rrord%gir}goliéhecrt%iﬂ?s%llsgircm%sevices. As
known in the art, information discs are often produced using an injection-
compression molding or coining process in which a molten plastic is injected into
a mold that includes a cavity block, a core block, and a stamp that includes a
predetermined pattern of bumps (which represent the information content of the
disc). The core block is then compressed against the cavity block under high
pressure‘ so that the molten plastic completely fills the mold chamber, thereby
producing the molded disc including the predetermined pattern of bumps from

the stamp. Minute ventilation holes machined into one or both of the mold

blocks (typically along the parting lines of the mold blocks) allow air and other

-10-
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"information discs") are | everaged for producing |ight
transm ssion devices. As known in the art, information
wale@eds@se of t en produced using an injecti oncoPQT/ESEN®039190
nol di ng or coining process in which a nolten plastic

is injected into a nold that includes a cavity bl ock,
gases £0 gerapeprasaithe gavita dyriaggnjention andcodgsression so that the

ol S S e, L S i
i o i i ah .
reduckEORATRIPEA AAR RAL AR BRKELY RSl SED P Bl i

the cehtes dfthedizbpishemoviedahehyglps 064ailed 8 a&grgd elocliss C
i ncluding the predeterm ned pattern of “bunps“fromthe

typicalydnppunhing euy ém $prasei torfotmlithe hokcdini the dezhﬂﬁt of tinedisc.

! h | d bl ocks (typi | t rtin
Adter e dsC et SHgramRGeReK, AMOR Ve indrrseied gase i o
stampS8 AR ol MRS TP LV B BB B e meppiapyer
for préteetieav At Mbansk RREKAEERAHHR AN tﬁé?ﬂt)ﬂgﬂ)}:ﬂ?&l ufg%t diSc.! S

reduced. While still in the nold, esl sprue
(lntei Gitst esemphiry ainhlyod ineait of theptdsentcientationf thekevidy Hlock
) s renoved through a so-called "de-gating" process,
is Comlﬂweéiawb the optiaeiaylight frahmplouec?qvacer grametiy indiiding

a centib 18R T 6Fen Clith e By hofd) vl one 8 e e
light t*rRREH0R ddGicas, Jﬁr}l%sgfiﬁ d fl’Fﬂ\o?e ?@tﬁpﬂloﬁﬁﬁgﬁﬁﬁi&- | abel

deposited over the neta ayer for protecti

compressioh neslditeror edininy Basetlhe pro¢ucpileimolded prideuet.sa-
tn a first exenplary enbodi ment of the present o
hologramy dabsloimagen graphict digitabeads, RFEBrag qurashendledoratien or

out | i.ne, of ljght tra 1 SSi on, devi ce geopetr .
reatar B G ad e R Sk Sy e B OE fcting an
[ 2) 11 tt dp lgf oAt
spproB B P SL ot Bt LS, RIS iy
procest ¢l @terhd 2 Gif it £ ASHrEE) 16PefefbIP Hobe Witig the used
to produce the nol ded product. A hologram | abel,
moldingrageipregripfir exadipjetuding o gerncREL eppgates thotugdr the center
decqration or .feature nmay be .in-nolded . in the nol ded
of the gois Igek RN ERHANE SPBYS ARE IERET AgeRIFTdjsit.ophe Gerter hole

can beg{eo?g%c?%rg&hg%is%%g%gg r\]/\tritl){\'ia}l %Qil{s?cererfrgljeg@ I'g‘o{nit rS(S)tas to
facilitate certain post-processing operations, as discussed below. After the
molded product is ejected from the mold, further processing can be done on the
molded product, such as metallization and coatings. The center hole can be used
to hold or position the molded product (e.g., on a spindle) to facilitate such
further processing. The light transmission devices are separated from the
molded product, and, more specifically, from the center bar of the molded
product, typically by a machining process. The separated light transmission

devices can be processed even further.
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process (i.e., rempoval of the residual sprue) is
preferably done within the nol ding equipnent, for
wex@apb®e3o usi ng a punch that operates through PeEUS2005/039190
center of the core block to punch out the sprue and
forma center hole. The center hole can be notched or
BiGiet shises freroninaiof Angnemplanyrprioductgeorapel 136 rplative

o e e S S R SRR R

i ected f t he..nT '
sS4 BB B S
center g[%gfe'/ RB%e 14006 BhiBstahQhily fdttariulbsREht Rafisthibsivn devices

Ition the nolded product (e.g., on a spindle) to
150 andl 460 bi¢ Aitegrallgattavhed s ther entarshard30The | i ght

transm ssi on devices are separated fromthe no] ded
PG dushowapgrossoeetiepa viiew i) IV,Oleff Fb%ﬁCPHiaftCSﬁ’t’ ’éﬁ afar

f th | ded pr.od i i1Q
embodineal S FUEBiriian  HEHSH i@ AR GRE210 ang
cavity BFOCWZ@@.GSI?@%a€N:g glcgélg éi@ﬁﬁé{él@all}lnﬁﬁﬁi@@d {8 sQitdriale plite

an exenplary product geo y 120, relative to a

withintHe c6@ipatodRe nesldRacinadhie, Midle tha carcllodaAte isypicadly
enbodi ment of the present invention. The product
mountgd doetmyvdle plate witlhis the compact dise madingmmashing. o er

B e
produ%ﬁée?@eé&ﬁ% % X S EVERE, ﬂaﬁoﬂiﬁ;%' lli@t(&ar%nﬁg’scwﬁ d@vices, the

. view of a no accordance with an
core bIBER240 sgglfygi%fu R apEesERhet N TRRtcaoity blduk 226 inchnizsades
- 0oc

a. core ( 10 and-a.cavity.block 220. The cavity
sprue M(?ﬁkoﬁgﬁ wisich yipe nwlé’deyl plestinis dnjected intathiegnaldy pl at e

wi thin the conpact disc, nol di ng, machi ng, h.e the ..

dorescen et PRI EaTS oGk Pa dEms rdpe

. Wi thi. e c ' ' j  t
provingieh Syt s G Gk 7405 Sulls S TRUFIGUAEn T pReceRd 1Y
repres@EQUBhBIG. SUPVitRShd OfeMIGIUZI) BeRRIhity 12ith siowyityblock
IG 1. For flat light transm ssion devices, the core

220, mbltealplast 418 i yrpeated intofthamaelddapuipreseaded ThEIG i The

bl ock 220 includes a gsprue 230 through which th
core bleskt23 ipthentfullyiengpged %1%thW5W@0%?ﬁﬁnder high

compression force in order to allow the molten plastic to fully fill the cavity, as
represented in FIG. 5. Ventilation holes (not shown) allow air and other gases to
escape during injection and compression. A hologram, label, image, graphic,
digital code, RFID tag, or other decoration or feature may be in-molded in the
molded product, for example, by including an appropriate stamp or other
component within the mold. A first de-gating process (i.e., removal of the
residual sprue) is typically performed while the molded product is in the mold.
After the molded product is ejected from the mold, further processing can be
done on the molded product, such as metallization and coatings. The light

transmission devices are separated from the molded product, typically using a
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In order to produce the nol ded product, the core bl ock
210 is noved into proximty with the cavity bl ock 220,
wheosioso2aot ful ly | ocked into place, as represpor/@s2005039190
FIG 3. Wth the core block 210 in proximty with the
cavity block 220, nolten plastic 410 is injected into
machipipg pesicess. G- Sphevsrareexamplarclight trahemissian dedekhaving

iS. full d with th ity block 220, und
a clear TS srrohAIRE8 ietblic dec 0y, i acserdansersithan
embodli_llkr??ﬁio?tlil;?ﬁféélbhyirfviehﬁof\he cavity, as represented in
ent i 0

5. tilation es (not shown) allow air and

OVhile Rj@seshowsancpmplay debodinent iAvRRE two light
conpressi on. A hol ogram | abel , inmage, graphic,

transmisgjon slevined ere RRadudedgyithin dichmrtlide oba abirgracbdist ciashoald

be. i n-nolded in, the nolded product, for exanple,

be notgg thatdhg diprpn AN e iBpsiaRe e Hniind tstes lighhisamanission
< W i ; g - [ (4L,

devicel geb il 1t (RS nebier e D B Bore iy sy

mold oW eved ol HIRARMiPION delices thdt fitﬁitﬁ t‘gle df%{;cfrntq 8% B€ompact

nol ded product is ejected fromt
disc. HoZahewsn fiest alterrdive embsédienem linechiph dekietare Sueb light

metal | i zation and coatings. The light transmssion
transmygsjon deviges iy éfp%\m@ﬂ@dFiG-%rﬁhqw weeaped gtesdative embodiment
. tyvpical Ly usin nachi.ni.n rocess., Fl 6 shows an
mn Whg’i@ﬁegpg;%f lfrglﬁgmtaq%{}?%‘??gﬁ Vs @%’é\%_lﬁg a cl ear
h @H@Wﬁ‘iﬁ%ﬁﬂﬁ%v@ﬂ rigFf@.tﬁlthé ﬁgﬂ?ﬁ‘%ﬁhﬁs@fbn 4&vices are
accordance wth an enbodi nent of the present .
wider tharethiei conter\Wir] én pr4aticd, if Ba\usteniptes enal oysepahad th@nght

i.n which two |ight- transm ssion.devices are produced
transmjpsien devices & %h@caxﬁelabarma@elyoalgng the linksepatating

e, 25 £ SR AL SO 205 B Sk, Bl
oale N 6 PRt 9lod 0 2050 FL A 00 0

wider fan)tiie Hfkt @ahirhizsiodl de&vie@thasiseiies C Anfdxample DAONS i
first alternative enmbodi nent in which there are three
shown|indlG. Pr &mthis ssample éhe ght iransthissionl devifdsGanDesdepasatad
jve enbodi ment in which there are four

from the éqcﬁ)}r’}gli ﬁ%@{%ﬁgyﬂ%ﬁe‘a’é@fﬁ’é%&i n the nol d.

In a second exemplary embodiment of the present invention, a number of
light transmission devices are fabricated from a more conventional disc.
Compared with the above-described embodiments, in which the mold includes
the outline of the product geometry, the cavity and core blocks in this exemplary
embodiment are more conventional and produce a round, flat disc. The disc is
run through various processes, which may include metal deposition, deposition
of protecti've and other coatings, and printing. The finished light transmission
devices are mechanically separated from the disc, for example, using a CNC

(Computerized Numerically Controlled), laser, or punch die machine.
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In the enbodi mrent shown in FIG 1, the |ight

transm ssion devices are wder than the center bar. In
w@e@ese) if an attenpt is nmade to separate tPeT/UsZNE/039190

transm ssion devices fromthe center bar precisely

along the line separating them it is possible that

thvere?aésd lemboglinwyis, wispecialdy corfigrerctlexting istusad ghforntne

to al] eviate such a robI emls to configure the
generiSdit & vﬂéf_ﬂvtaaoaé aljgrmentk eagurewn iQRstonah produdtesperigiepit
setonlEONE S e 1P RO R B BRI e Bl
finishinkaseRbdes ORICIeN) m&&aﬁg M%%@&m{ahgwlhf?a enter

bar" al ong the verti cal In a second exenplary

exempatyoetinbodimerit ¢fthe pressiinvenviont i Among GHEDIngY, the Sainp
transm ssion devices are fabricated froma nore

1000 ipglpdenvapous pauagtfeaman@ladmg f rtn:geld(mcwﬁh desedefived f
ncl uaes ine o
bo 1GRR D A e telees 1ddcand el Pptnca AT Bieus
examﬁé?‘o RGP yo&ﬁi&@ﬁ%ﬂgegltaarr%e%%ﬁg ARSI B{Iﬁduc"f”@gecﬁie
pit art\fedtudess(ens. desiog edn) ¥hildbeTRyluded widlkin@ealutBRe 2604, | P

deposi tion of protective and other coatings, and
Stampr}ﬂthpli‘rgt feptvardsiinipsived ih aghmchnnaudtms,swhmltt@wtmshar e

o i el AL A b 4 TR e

hole, th@%ﬁ'ﬁm ?511&3% é)g#}g dﬁﬁl{h&) 984 Ik@}jﬁ&l t()Sg ?g?n g%{ﬂ%? oﬁ%{le

keyhowmom it Bliyaéd Wciﬁh el c@ﬁf@ﬂinefdﬁhé‘ aSaraBQx 9006.OTRé semi-
product-specific pit art on the disc..The generic pit_

circulegrand; careispid atifeaturgnatehesedite alignrthe ghscltmmag tlorsarious
finishing processes. FIG 10 shows a stanp 1000 in
finishing PsPERsse: with an exenpl ary enbodi ment of the present

TR, Bnp IR B sl R B RT B i (s
spec1f1|@£ g;dB§7 'aﬁgﬁlrgzwejl%olesﬁm&ﬁﬁﬁ Slébﬁresﬁgﬁﬁ{rg]&‘e?ﬁ%ésq QR the

care ente 1010. In this e re are
mold. %epuhed iscthen pipjer fioxe/ @irhpr@essioh eﬁcbldEdSandl kidadiger sprue is

product -specific pit art features (e.g., hol ogram
puncheg i ke fineahrdedivwinchidesthe part farsumstmnsfersed from the

stamp.

The finished disc is ejected from the molding machine and is moved into
an application metal deposition machine including a product-specific selective
masking. The selective masking is configured so as to expose only areas of the
disc on which metal is to be deposited (e.g., along the edges the lenses). FIG. 11
shows a selective masking 1102 in accordance with an exemplary embodiment of
the present invention. In this example, the selective masking exposes the
outlines of three light transmission devices. The semi-circular and caret pit art
features are used to align the disc within the metal deposition machine, and the

selective masking is aligned with the disc. Metal is then deposited, for example,
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stanp with pit art features is placed in a punch
machi ne, which centers the stanp using the pit art
WO 200g/03282, | ocates the box 106, and punches OPCT/URE05/039190
center hole, the outside dianmeter of the stanp, and
keyhol e 1008. The center |line of the keyhole 1008 is
using ah¢wmadlepositiary/eneieization; ddGol2 shewpitetallized axeas0262

Th i..circular, and caret pit arif features are used
surroyngling s iEhE ARSIt ey iserdhasroisiaace iifan pgemplary
embo%&&ﬁ%g@%P #eﬁ{ﬁ‘e eﬁl%i?)g_rml d the disc, the stanp is

I gne n specifically by aligning the

keptbohRtal RPowiidh, thalst BSROREH MSkokLdoRR%! mhBhinke
nol d. The disc is then injection/ conpression nol ded,

Typicallyl prbeectiee teatingsrare appligdriobeth sides off tiee disai $hpitally sene
. 'ri_él ides the pit art features transferred fromthe
side 0%% rFr?fSC rﬁweafqﬁwh guregh, atter whighetheadise isdhipprad amgl the wgher

. chi.ne. and, i ved j an_appl cat.i on, et al ,.
side of e MiPCis 3R e Eiodt el BB st e ey i
: V. | ctive masking is configured
ﬁngaé%hﬁ?h?gﬁg%%é%%@%%1%@§$€§%fof the disc on which neta
iAftélOtHeafﬂimxs&bhﬁﬂ%é hage beal qi]gidd) thed@esniyBe nehaeihto
. FIG 11 shows a selective masking 1102 in accordance
a printipg mashinsdorprintingaptanaldeatusss ehthexdiss éng., usingVank).
Inthis, exanple, the sel ective maski xposes the
St T 3aSHF rpisesotfighel e Soeilde Bacin epgrdance
: - r
with oA R Ao RRe R The Bhlecht e BRI ERefifnbiin e
moldedntis¢ tB04siaLRElNY enitrelded Dit Srtdedt@R@d 306! Hnidisl 18{6C1308 is
- Metal is then deposited, for.exanple, using vacuum
depositegh usingi tha/seleetivé hasking nProfagiverpaihgnd3(darad 13 eate

ar eas )2 surroyndi the li.ght transm ssion devices
then dFHO%iEE‘é%rZ’gHﬁﬁﬁé aya?%lﬁtezsﬁgamﬁ%‘@dﬁ BARS nent of the
. r . [ i.SC IS
IS A BHTALR o BE 1 OEAAL oLSRO D10 L Br e
stamp GRAEEIHIENES F it bRdn I&rﬁ ehdbotligest 6f tHei-efbrRGnvention. In

Typically, one side of the disc is coated and cured,
block 02ea bldnkedtaipeis girevidesl. flhibhbpeadl 4Mdgerreziapibart with
alignment features is formed on the stamp. In block 1406, product-specific pit art
is optionally formed on the disc. In block 1408, the stamp is centered in the
punch machine, for example, using the pit art ring as a reference. In block 1410,
the pit art box is located. As discussed above, the pit art box is used as a
reference for punching out the keyhole. In block 1412, the center hole, outside
diameter, and keyhole are punched out such that the center line of the keyhole is
aligned with the center line of the pit art box. The stamp can be produced using
a conventional laser beam recorded (LBR) that is used to produce stamps for

information discs. Typically, the LBR is used to “scribe” pits in a glass master

that is used to develop a mold that is used to produce a nickel stamp.
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side of the disc is coated and cured. O her types of
coatings (e.g., antifingerprint, anti-glare) can al so

wheotappi2sed. After the various coatings have bBETUS2005/039190
applied, the disc nay be noved into a printing nachine
for printing optional features on the disc (e.g.,

uElgl Uy ailagie flow diagransshameing exenydagelogiotwalprodevingf
ighe T e 8 S SR M o eE e o e
preseh RO IRES 0SSO EEEH T oty o
D ATt han Gopae PR e e Al Jn
block 18041 d¢he séleetiive Magking4s irstallddiy thefrhetal deposition shavking In

block {5 the dlsedfPlisep T sBotREL Broldng By bleekil50hdtitbe.
.. i i ded.. In bl k

e R e BT TR B P

deposit@siBfhcRihel éﬁ@dﬂlifl uéiﬁg I?l'lé’%ﬁn%éﬁ?ﬁxelapéﬁﬁ H&t{e;c] %ﬁe%é Eéa%ures

pit art is optionally rmed o di'sc. _
as referé0&s. hbledelii0] theartyctive dnadkind® FHemed wakhhadisch o

xanpl e, usjng the f)it art ri ng as a reference. In
block i%?e knetahig depRsitesd.t Inablock dR14, ¢he disatiethovasl toithe gosiing

.aboye, . t pt_art box.s used as.a referenge. f
machif e bl e vl duairbgs i Semiedarst CRg: 48 sk 1518,

' Co I .

e R o i e SR U 5, 00 PO B e
lenseswiré mdchanivelly sepadab®] fibnt e diké. art box. The stanp can
: “"bﬁiér"oduced' usi-ng a conventional. |l aser beam recorded

(

16 inablack disgum shewingithe relevaps céroponefisrafat light
di scs. . Typi Y,
cansefe 55 e HRRR s Nt B

the LBRis used to "scribe" pits in
Cgan&@mﬂb@nsxm%at i s
a.ni | 15 is a logic flow
ol R SRUER By D0, SSHAPOEon bl bR
molditg ansiiirss 606, dRVAIGSS6M n@@ﬁﬁ{edﬁam;e,eccvatﬁ% RAcEreBlar Y
embodi nent of the present invention. |IT block 1507,
printingveashinepl6i2, arid sppedating tieehind 1h14s Seanbiegatipmeny 1602

I gni hole in the stanp with a correspondin
may bg A lglggc? t$ El(?q i erﬁgqtgr_r{gnﬂq)r u%e in thne;pmolding machine 1206. J

Masking equipment 1604 may be included to produce a selective mask for use in
the metallization machine 1608. As discussed above, the molded product with
optional pit art features and/ or in-molded decorations or features is produced
by the molding machine 1606 using an injection-compression molding technique.
The molded product is moved into the metallization machine 1608, which
selectively deposits metal onto the molded product using the selective masking.
The molded product is then moved into the coating machine 1610, which
deposits various coatings onto the molded product. The molded product is then
moved into the printing machine 1612, which prints various features onto the

molded product. The molded product is then moved into the separating
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bl ock 1504, the selective masking is installed in the
nmet al deposition machine. In block 1506, the disc is
WO 2906050260/ conpressi on nol ded. I n bl ock 1508, Perf/U82005/039190
the disc is ejected fromthe nolding machi ne, the disc
is aligned in the netal deposition machine,
machirspblidf whach ynegbamigaliy seppantiesdhe tighhtraasuhissaredeyices om
I n bl ock. 1510, the selective

at ure as relf.erences ‘ [
the moﬁaei@ip yct. s ﬁ%@sw‘f ?hOY%éOH}es%f.t%‘PW wRghines SREOCERHES o

' Sj I.SC_kS NOV, 0 e
may b SpHSRA" W fiidlbri AEERR ] oy ded iy b8 TRYBRSA EbE
‘ 1 'teﬁen?mﬂy%iﬁle&d'ni@t@fw'rﬁ%% Vakh A48 herhies
exampgé?e ggti onal Iy pri ntled on theldi sc?ni%&%c?%%% 1520, the
used td tevebiedtie molsied prpduotitbantheahbldisg parchimsd] 606cmd meve
disc. FIG 16 is a bl ock diagram s%ovvj ng the rel evant

the moldpehpredud ipto themefplizatignanachine AoQfeln & eoorslinatad

manne ) B FRAGRE SRR Btk AR W raEeren D Blcacle,

ey oG R NS o D

machirggpar ati ng machi ne 1614. Stanp equi pnent 1602 nmay be
i ncluded to produce a stanp for use in the nolding
Heshiouhe be soted g iarigue pudgasses disatsedapoye sugblagded

to pr ce.a selective nmask f in the, )
- stamping, BiebiLiEEti G SoaETEr R o SEeEas y ARigi opticRband

. . . : ¥
mechafifafReRRAR, Ein th S ABHL A RRGAY  Thbss FTCHEERIEN he
embodi@kAts"destFEBBd BBoV& Wt IRIE@nads torHIEH! 1-9Mmap BRmRsifRed to

nol di ng techni que. The nolded product.is hoved . into
include $tempng) metedlizationreoating ab60Brintihg shbstehtdelly aedgscribed

) eposits tal. _aonto the nol ded product using the
with reg%qegg@ F%Eﬁ%g%ﬁfg. The nol ded product is then noved
. Ci . . . _ e Ci
LBl A TR U500 ) SSRERL R BTN
the varidud eSHRY Sk uBicR] dBH Dok REpPIBGRE PRestBl ZavaMtomlls not
prints various features onto thée nol ded product. The
limitedntol atduy fireodaridusimetahdnpositied, ¢aatimg; hed printing processes

separ ati ngnachi ne 1614, whi ch nmechani cal |y separ at es
discusaeﬁgahqvghtxgddiaiﬁ)@ﬁk and /ot dilfprentprpresigs can bé employed fo

produce light transmission devices with various features.

The above-described processes for molding light transmission devices
using modified information disc molding equipment and processes can have
certain advantages over straight injection molding of lenses. One possible
advantage is that light transmission devices can be produced much more quickly
(on the order of a few seconds) compared to many seconds for straight injection
molded devices. Another advantage is that the light transmission devices can
have reduced birefringence compared to straight injection molded devices,
specifically because the injection-compression molding typically produces less

stress and more even molecular orientation than straight injection molding.

-17-



the nol ded product. As di scussed above, sone of these
machi nes/ processes may be optional, and additional

wora@hiosesd processes may be enpl oyed. For exanptBUS:005/039190
an exenpl ary enbodi nent of the invention, a racking

e e s a e sba®e AE: Mol prestiost orbes fat

o et ! ! !
eviclg] JP B Lol 4 R 0053 i et AL BBy
devices dal bespridereed ih @ skhifar EhivaybPep SRR AL enHBELAHES 0P

_may be nodul es or conponents of a |arger machine. It
configgmation op theesvéty anshiorware bloskr ocesses di scussed

ove, such as stanping, tal]jzation, coating, .
1pTesENt LygnfigR ﬁ’%{ g%e@%%%ﬁfi wnRthgpspedific fgrans without
' f . e ed..gener al |y,
depar{E B Gfe L8 EB06 e iPRutn “Fhe BVRE LG ERbatinents are
to be doRkRIcREE 88 all QedPelts orlly 3s MYstRAIVEJ hoCrdsBidthfe! ude
stanpi ng, netallization, coating, and printing
substantially as described with reference to FIGs.
10-15. It should al so be noted that the present
invention is not limted to or by the various
processes di scussed above. For exanple, the present
invention is not limted to or by the various netal
deposition, coating, and printing processes di scussed
above. Additional and/ or different processes can be
enpl oyed to produce light transm ssion devices with
various features. The above-descri bed processes for
nol ding |ight transm ssion devices using nodified
i nformati on di sc nol di ng equi pnment and processes can
have certai n advant ages over straight injection
nmol di ng of | enses. One possible advantage is that
light transm ssion devices can be produced rmuch nore
quickly (on the order of a few seconds) conpared to
many seconds for straight injection nolded devices.
Anot her advantage is that the |light transm ssion
devi ces can
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have reduced birefringence conpared to straight
i njection nol ded devices, specifically because the

WO 2¢0605G26Mm- conpr essi on nol di ng typically produP€sUB®S5039190
stress and nore even nol ecul ar orientation than
strajght injection nolding. Wile the enbodi nents

What gedaimedis: above are typically used to produce fl at

devices, it will be clear to the skilled artisan that
curved and ot her non-flat devices can be produced in a

1. SA"%\&@%d“f%? g‘;&g?a%{ﬁge%}@g{ﬁhﬁs bl gat tihg:lnrggﬂ‘gd The

configurati y an or ~core
compfisidggent invention may be enbodied in other specific
forms without departing fromthe true scope of the
i intedvicing a iigbt Hensmidsauh devticalinube irstoar moldinganachine, the
) considered, in all spects only as illustrative and
light asmmigsiphiciey icpamnolshhating andnigdal mner inswegtanidalhothe
i1nQ: ' 4 ansii ssi vi;ce, th t,hod
same PIEACUGLRIR s BRI PRATLARS SR ER e de TRl ce
transnilbidniddvced ol di ng nachine, the |ight transm ssion
device nold having an integral runner in substantially

tinpectingengltemplaatid intiotthe sndid taawlt domhpressihg thammoldeblform a
thickness as the |ight transm ssion device; injecting
moldegigprosiicpthrough andniectinn/ easnprespiongoaistiag pracessiandol d

to form a nol ded. product, .t hrough.an jnjectio

B ety et i e SR R e e molded
produg€par ating the light transm ssion device fromthe

nol ded product. 2. A nethod according to claim1,

wherein the nold includes an outline of the |ight
transmi ssion device geonetry such that the nol ded

2. phoeribodiaserrdieg tacleiin dt wiereinithe staddducludghan outline of

e b SR CPoL Soe R A SS SRl ek

st e e B he 11t (7 anant i or
device is cut.

3. A method according to claim 1, wherein the mold is substantially devoid

of light transmission device features such that the molded product is a blank

from which the light transmission device is cut.

4. A method according to claim 1, further comprising;
prior to injecting the molten plastic into the mold, introducing a stamp
into the mold, the stamp including an arrangement of pit art features for

producing at least one optical reference in the molded product.

5. A method according to claim 4, wherein the stamp further includes an
arrangement of product-specific pit art features for producing pit art in the light

transmission device.
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4. A method according to claim1, further conprising:
prior to injecting the nolten plastic into the nold,

WO pao6080260 Ng a stanp into the nold, the stanp POTUSZNFEI190
an arrangenent of pit art features for producing at
| east one optical reference in the nol ded product. 5.
A nmet hod according to claim4, wherein the stanp

6.} bliFhod Bl @A AOHERR she st%?r?ﬁ?@tﬁ%&ilﬁi@@% an
T P Pl (T AR o Ao TR T B Wl Biee

pit art for form ng a hologramon the |ight
transm ssion device. 7. A nethod according to claiml,
7. f drmethodtarnorilisignty: claim ipfudthey campristisg: one of a
m a.label, an jmage, a graphic, a digital

hol

c ﬁarﬁ%lgmg afeagtopeoiq h?logﬁénfrmlga@é apipwge: a ggaphic, a
o d, 2L ' | a furih i sing: aft
digit[So8 L RERORRID L by fGiefdeq BHIAHED 507061 quar sprue.

fromthe nol ded product within the nold. 9. A nethod
according to claim8, wherein renoving the residual
8.  sprmettacomcohdingoioabainpt, ddudier votripiriziidhe nol d
copprjses: formng a nechanical reference for
oRitEOrAUNg Hae mslded ppeductdienmongng aaresiduabserus fromhihag
S...1L0... A method according to claim1, further
mdd%%%’%&?%ﬁﬁ%#h%@%ﬂn%@ng a selective masking into'a
nmet al deposition machi ne; aligning the nol ded product
in the netal deposition nmachine using the at | east one

9.  optmettodr&terdingeaoictaiid® Wikt trephOngtthe 3bdi@RAINDriB erom
~sel ective masking to.the nolded product, the seleéective
the maidad pryduepydthin the sxdd spmyptrisesnl ded product on whi ch
nf%tr%{in!g 3 ntngch%%ic% gfse;:énec% for' cr)]rqenting the molded part during one

or more finishing processes.

10. A method according to claim 1, further comprising:

introducing a selective masking into a metal deposition machine;

aligning the molded product in the metal deposition machine using the at
least one optical reference in the molded product;

aligning the selective masking to the molded product, the selective
masking exposing areas of the molded product on which metal is to be
deposited; and

depositing metal on the exposed areas of the molded product.

11. A method according to claim 10, wherein the molded product is aligned in
the metal deposition machine using at least one of a mechanical reference and an

optical reference formed in the molded product.
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depositing nmetal on the exposed areas of the nol ded
product. 11. A nethod according to claim 10, wherein

wo b@esosizeed product is aligned in the netal depopUE20051039190
machi ne using at | east one of a nechanical reference
and an optical reference fornmed in the nol ded
product.12. Anethod according to claim1, further

c rj,sing: sitioping the nol ded product in a

12. c%%ﬂb"ﬂ%&ﬂf‘ﬁgg t%ﬁﬂ““&%’pé‘éﬁf‘?ﬁ@m&?n?%t one coating
0hd: r : 0 cording to claim
1g?§1P§r { %et?@g%%g%?# hgp%ﬁlgs%%%w%aaﬁgeﬂ%ed pr oduct
| epost@id hdasEsiy diati dRrAsIddd .east one
coa}tﬁi) nt(gm%n tﬁe nol ded1 roduct. 14. nIsAer?t‘eJtchod accor di ng
to any of clainms 12 or 13, wherein depositing the at
Lgast one coafing conprjises: depositing a first

13. ane caraing &9 claimel O further Gasnprisingr oduct ; curi ng
sal d..f1.rst ting; flipping the nolded progduct;

psg%{)]i“in%gthg%i%l%%? r8gg{?tlplﬁ‘gag Rtnesne He'sz?‘ﬂg of the

e stastimy UGSt orRNbating ' ating; 15. A
net hoduggccor di nog toagﬁgdcg?&%ﬁi&?l&%a%%%gﬁﬁgs, wherein
the at | east one coating conprises at |east one of: a
protective coating; an anti-fingerprint coating; and

14. o\ maethodgicepnsding 40 any of cleima13wr A3dwhersin diepgsitingahaiam

least 12, fﬁ{_{t her conprising: aligning the nol ded product in
east ORC OPHPE fGMHEE P ne; and printing at |east one feature

i . t rdi to claim
%gﬁdfggc}rt{géé fieg ocn&%gﬁg %g filst sf1BH RO AGE] PEHAHCE
curing said first coating;

flipping the molded produét; .

depositing a second coating on a second side of the molded product; and

curing said second coating;

15. A method according to any of claims 12 or 13, wherein the at least one
coating comprises at least one of:

a protective coating;

an anti-fingerprint coating; and

an anti-glare coating.

16. A method according to claim 12, further comprising:
aligning the molded product in a printing machine; and

printing at least one feature on the molded product.

17. A method according to claim 13, further comprising;

aligning the molded product in a printing machine; and
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aligning the nolded product in a printing nmachine;
andprinting at | east one feature on the nol ded

w@e@dost230 18. A net hod according to any of cl aP@BEUIBI0D039190

17, wherein the nolded product is aligned in the
printing machi ne using at | east one of a nechanica
refietienatleastranfeapirt oal the @helded gaofiaesed in the

nol ded product. 19. A nethod according to any of
clains 16 or 17 wherein the at | east one feature is

|nt d.on t nDIded rooduc | W ink., 20.
18, FAimesBod adeqmaiing fq 4% pFRImS 164 ﬂﬁq sherein b moiged

produ@?ﬁrb'h elisn %@ﬁgﬁhﬁg%@t}qﬂlﬂe Gy rxll o ! ?’l’é‘S nggerﬁgc'hamcal

conpr €ssi on no ne US

referendd &{d"Eh bﬁﬁcﬂ'r&fe‘ienc?e]{orﬁ\eﬂﬁlhﬁﬁé’ nﬁﬂﬁ@ﬂ gireﬂuéto claim 4,
wherein the stanp is forned using a substantially

conventi onal Iaser beam recorder used to produce

for | ormation discs. 22. A systemfor
9. A auibor oo LRSS b4 0Ll whéreim thegideashone

ld h
o AR PR 0 1

W|th substantially the sane wall thickness as the
i ght transm ssion device; a nolding machine for
20. - rfeasithodgetdrding ghilaim dpeiieseinahe gevltigy MakBine is a
injecting nolten plastic into the nold, and
substaa‘éﬁ%y 9BV eifiqrad lrnmtwrt/donmms%wnm@ldmg)nmbme wgeddiegh
conpressi on nol di ng process; and a

ectionl
produgeeggpfgpftwén ¢fii ne for nechanical | y separating the
light transm ssion device fromthe nol ded product. 23.

- A system according to claim22, wherein the nolding .

21.  naetdthed hcord Bt daiinh 4) | When 88 btaefils formed using a
i nj ection/conpression nolding machi ne used to produce

substanﬁﬁBy AemyeHianad aser baamaeegrster nped topdidusetstampaiton 22,

wher ej.n- th ratin hine is at |east
information c!hscst e separating nachine

22. A system for producing a light transmission device, the system
comprising:

a light transmission device mold having an integral runner in
substantially the same plane and with substantially the same wall thickness as
the light transmission device;

a molding machine for receiving the light transmission device mold,
injecting molten plastic into the mold, and compressing the mold to form a
molded product through an injection/compression molding process; and

a separating machine for mechanically separating the light transmission

device from the molded product.
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one of: a CNC machine; a |laser; and a punch die. 25. A
system according to claim?22, further conprising: - a
wo amenst2zeam recorder for form ng an arrangemenPCDUSING/039190
art features in a substrate, the arrangenment including
a plurality of optical alignnment features; and a punch
23. nachitem dcordingdoidnt 2B vehwdreir thieanaliting unadhing isoa
keyhole in the substrate using at |east one of the
substegytally slonzengemal injet dom/(gasspressignradksting srachime uged to
system according to claim?25, wherein the stanp is
producg infoymatiPREISESs ubst anti al |y conventional |aser beam
recorder used to produce stanps for information discs.
27. A systemaccording to claim22, further
24. CARPEtest A&ordi &l4ihV B2, WhlsdceOtHeGlep@2at s AChITRAES ableast
t he” nol ded product on which netal is to be deposited,
oneofand a netal deposition machine for aligning the
sel ective masking with the nol ded product and
FeOYT Mashingst al on the exposed areas. 28. A system
acgording to any of clainms 22 or 27, further
d%%ﬁ?%?ﬁﬁg:a coating machi ne for depositing at | east
quuﬁgggkpg on the nol ded product. 29. A system
according to claim28, further conprising: a printing
machi ne for printing at | east one feature on the
nol ded product. 30. A nethod for formng a stanp for
25.  uAeypliem ageeedingio daimpLdJurtbar GMBrisiSGT -1 i ght

teg Aser beam ?‘Qcoq' &t fo%sfbrrtn?r?g a5 Erhr%%g&%'éﬁ{ of I')lnc%rt featuresina

substrate, the arrangement including a plurality of optical alignment features;
and
a punch machine for aligning the substrate and punching a keyhole in the

substrate using at least one of the optical alignment features as a reference.

26. A system according to claim 25, wherein the stamp is formed using a
substantially conventional laser beam recorder used to produce stamps for

information discs.

27. A system according to claim 22, further comprising:

a selective masking for exposing areas of the molded product on which
metal is to be deposited; and

a metal deposition machine for aligning the selective masking with the

molded product and depositing metal on the exposed areas.

28. A system according to any of claims 22 or 27, further comprising:

23-



providing a stanp substrate; formng generic pit art
with alignment features in the stanp substrate, the
wabkiogsent features including a pit art ring apdr/asmos/39190

art box; centering the stanp substrate in a punch

machi ne using the pit art ring as an opti cal

r afeateng machinechoir wippasitiegied least one heatitig@on thebsdlded e

s¥ch that a center line of the keyhole is aligned with
produtcanter Iine of the pit art box. 31. A device for use

in injection/ conpression nolding of Iight

transm ssi on devices, the device conprising: a

29.  sAbsbteth Gecortithgd dlhih 28/ AMHISEBAp:Ringi t art features
forimed in the substrate Tor producing At | east one

5 opprivdingmesdiinader printing atjeast ofeateeg i aBldeel ded

duct .
- prodtﬁ:rt.o '

30. A method for forming a stamp for use in injection/ compression molding
of light transmission devices, the method comprising:
10 providing a stamp substrate;
forming generic pit art with alignment features in the stamp substrate, the
alignment features including a pit art ring aﬁd a pit art box;
centering the stamp substrate in a punch machine using the pit art ring as
an optical referenéé,J o - » - D ‘
15 punching a keyhole in the stamp substrate such that a center line of the

keyhole is aligned with a center line of the pit art box.

31. A device for use in injection/compression molding of light transmission
devices, the device comprising:
20 a substrate; and
a first arrangement of pit art features formed in the substrate for
producing at least one optical reference in an injection/compression molded

product.
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