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THE INVENTION 5 1. Field of the Invention The present invention

rel ates to devices and nethods for manufacturing nedical devices, and

nore particularl a ol d assenbl onprising 10preci sion_cassette
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plates for u SHE ¥ el AR, A +Tara 1SS
filtered manufacturing cell that nolds and distributes mcro-sized
conponents, for exanple, drug delivery devices or portions thereof
for use in the eye. 152. Discussion of the Related Art The
corner of e _js cal -ﬂ q ANty with the nose side called the
nasal cant RS~ thRe—es—- BN BON i 4o call ed the t enpor a
canthuss At the lower and upper eyelid margins of the nasal canthus
are snmall openings called 20 puncti or puncta. As used herein, both
puncti and pun€iedd ohilid Inyentioier st ood to be the plural form of
punctum Each punctumdrains tears fromthe eyes. A punctal plug or
occluder is an ophthal mc device for insertion into a punctum of an
eye in order to TtHeEglesBREINNENIH PoldicSa8TRVRIAIAR mERIdsafol Ynarufacturing
punctal plug is positioned to block tear drainage thereby hel ping
treat dry dypedica i¢ed, apiduyerepamigularly éo lsenald assembly somguising ned
rel ease of nedication to e e for the treatnent. of .a w variety
of oculdr reaseh el pglEs s A Balitale Selr Bt R Biba i on
gl aucoma, adleyaeriteed mandissaairScelthidmordLad HRBRES nied-§igede
adm nistered to the eye. A 30conventional nethod of drug delivery is
by topical @ppranednts dar example. g delivary dewicesios peytionsstheraafder yse in
suited to Bnég éurface route of drug adm nistration because, properly
consti tuted, yugs can penetrate through the cornea, rise to

t herapeutic concentration |levels inside the eye, and exert their

benefi ci al . .
15 2. Discussion of the Related Art

The comer of each eye is called a canthus, with the nose side called the
nasal canthus and the ear or temporal side called the temporal canthus. At the
lower and upper eyelid margins of the nasal canthus are small openings called

20 puncti or puncta. As used herein, both puncti and puncta shall be understood
to be the plural form of punctum. Each punctum drains tears from the eyes. A
punctal plug or occluder is an ophthalmic device for insertion into a punctum of
an eye in order to treat one or more disease states. Typically, a punctal plug is
positioned to block tear drainage thereby helping treat dry eyes. Punctal plugs

25  may also be utilized for sustained release of medication to the eye for the

treatment of a wide variety of ocular diseases.

In order to treat infection, inflammation, glaucoma, and other ocular
diseases, drugs are often required to be administered to the eye. A
30 conventional method of drug delivery is by topical application to the eye’s
surface. The eye is uniquely suited to this surface route of drug administration
because, properly constituted, drugs can penetrate through the cornea, rise to

therapeutic concentration levels inside the eye, and exert their beneficial
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effects. In practice, eye drops currently account for nore than
ni nety-five (95) percent of drug delivery nethods for the eye. Rarely
are drugs for the eye adm nistered orally or by injection, either
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concentration then gradually decreases, such that by the time the next eye
20  drop is due, the tissue concentration and the intended pharmacological effect

may be too low.

To compound the problems described above, patients often do not use
their eye drops as prescribed. Often, this poor compliance is due to an initial
25  stinging or burning sensation caused by the eye drop. Certainly, instilling eye
drops in one's own eye can be difficult, in part because of the normal reflex to
protect the eye. Older patients may have additional problems instilling drops
due to arthritis, unsteadiness, and decreased vision, and pediatric and
psychiatric patient populations pose difficulties as well. Accordingly, punctal
30 plugs provide a viable means for solving the problems of reliable and efficient

drug delivery to the eye.



Punctal plugs may be of the tenporary variety or of the permanent
variety. Tenporary punctal plugs are usually fabricated from col |l agen
or other simlar material and are dissol vable. Tenporary punctal
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Punctal plugs are small. For example, punctal plugs may be in the

range of 0.2 to 0.4 millimeters in diameter and up fo 2.0 millimeters in length.

25  Devices so small are inherently more difficult to manufacture than larger
devices. More importantly, manufacturing small devices in a repeatable and
reliable manner is even more difficult. In addition, handling these small devices
for further processing while maintaining their orientation for accountability is
also important. Accordingly, there exists a need for a micro mold and

30 technology for producing or manufacturing punctal plugs with greater
efficiency, even higher quality and higher repeatability than currently utilized
technologies. There also exists a need for simplifying the overall size and

complexity of the mold and molding process.
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In accordance with one aspect, the present invention is directed to a
10 nol d assenbly for an injection nolding system The nold assenbly
conprising a top portion, the top portion including one or nore
cassette alignnent pins extending therefrom a precision cassette

pl ate, the cassette plate including one or nore openings in which
parts are fabricated and secured, one or nore pre-alignnent

t hr ough- hol es whi ch engage the one or 15 nore cassette alignnent

pi ns, and t3OVAMARYrOFatHEMEVENTAONW es, a runner/gate insert el ement,
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15deck nozzle assenbly all directly interconnected with one another.
The mcro silicone nold nounted plunger systemreduces the flow path
of silicone such that part quality and reproducibility is increased
while waste is reduced, In this exenplary system the .injection_unit
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Runner s ar enginiginiagdhe spoigypregietermingd ofentaéiannat erial flows fromthe
sprue and into the cavities of the nold .via gates. A gate is an
entrance through which the nolten material enters the cavity. The
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9

parts fromSekEringapigdetermined numper pf Bwildgdpatadepexample, f¥Ncial elios
cron : . e e $
part of t Welit‘[?{:%sls%ﬁ% i N e oL tﬁh'ﬁ&d@%,l*&?lﬂ%fﬁﬁfn@hoﬁ%ﬁ ﬁ'gcrgf

process. i'gur at’i on, e overalT 'size and conp
t he nol d, rmillodnegnpldanesstedaridhger injeetiah lunkwhach frafuirnis part jpf acsssll may

be sinplLified, The cassette provides f shorter. runner | engths whic
"h turnoal I5Ae SETseRaRedguly gnoigser Blessd franfastiing sal Tanolds and
tenper at ur &iabi ';ﬁﬁ%o-sizﬁd%héér%ts,tfeﬁeﬁﬁﬁﬁ@, g%.ne{dl gp@spﬁrrrﬁégﬁ&tbf
transferred to and through the process w thout seco ry cutting

?Eer ?_t i on. fciorm pjfieeasammlg tp_rmslytm gg{ar?_alany aitaih sompsises ierinjactiom mmdihg
e tinme of par separ ati,on. I n addition recision cassette
late 15 aeeloncaOR iR apufioash 2 gttt crsrate Bl s Eipa on =
positive anpboti®idhipilaor hAlieE withlih ca¥8hadingea ARGUbATRtFbAcement

of the cassette each tine at each stage of the manufacturing process.
10 maintaining a substantially particle free environment within the case.

The injection molding unit may be configured as a cold deck system or a

hot runner system, and may comprise three main components; namely, a
silicone cartridge assembly, a mciro plunger injection assembly and a cold

15  deck nozzle assembly all directly interconnected with one another. The micro
silicone mold mounted plunger system reduces the flow path of silicone such
that part quality and reproducibility is increased while waste is reduced. In this
exemplary system, the injection unit is incorporated into the silicone mold
extremely close to the cold shut-off nozzle. The system has a greatly reduced

20  material flow channel diameter which is held constant up to the point of exiting
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The present invention is directed to a nold conponent; nanely a
preci sion cassette that may be noved around anywhere in the nol ding
process Wnile mai ntai ning the orientation of the nolded parts or

conmponent s. dd|t|o the precisjon cassette with the parts
secured t heth@m %92%{@ obfige th)a proyiies A $@P{%@rﬁ8§w%@wt% witin ghe

fact
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dependi ng on the application. In addition, al thou described with
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descri pti orviafatesef/ gatdiserbentrase throdgh waidhrhe molten Meméllamrsahed

'n the acc%réeﬁlgyﬁg gdarté-’j1 Vﬁneﬁg?rhs a number of functions, including restricting the flow
and direction of molten material and facilitating removal of the parts from the

20  runners.

The precision cassette is an integral part of the mold assembly
configuration and the material handling process. With this configuration, the
overall size and complexity of the mold, molding process, and/or overall

25 manufacturing process may be simplified. The cassette provides for shorter
runner lengths which in turn allow for better control over pressure variations
and temperature variations. In addition, the cassette allows parts to be
transferred to and through the process without a secondary cutting operation.
In other words, everything maintains its orientation until the time of part

30 separation. [n addition, the precision cassette plate is designed with two pre-
alignment holes and two precision positive anti-rotational features that
guarantee accurate placement of the cassette each time at each stage of the

manufacturing process.



Figure 1 illustrates the anatomy of the |acrinmal drainage system of
the human eye. S5Figure 2 illustrates an exanple of a conventi onal
punctal plug that is known in the art. Figure 3 illustrates an
exanpl e of a punctal plug, including a reservoir for the release of
one or nore therapeutic agents that is known in the art.

Figure 4A is a dﬂ?%é@?@ﬁi Ivehfoh %S@fé%%H?@a%oﬂ%o% Wrﬁrﬂarﬁbf&{] t he

silicone nold unger 1 njec uni't 1T n accordance w
present i nyestisiom ceils‘i:léttguhat FﬂlBylb@ raosed traunal amyvelverefin the nolding ppogsess

mcro silicone nold ppunted pl unger 'n'ection unit illustrated in
Fi gure 4A t%‘k‘&mﬂr&ﬁ@'% Qﬁ? ; e molded parts or qﬂrﬁﬂ%e'ﬁ@ iR a

rotatedsvi ey éﬁrclés ?é Rutﬁ iié p2Hs s@%h%dz Qtnl?éé/ gisur&er

i nj ection un|t ITI us rate
di agr anmat |Ld||lzeqbnreﬁ.e’memtp|rmessfngﬁamxd)’bd noaeiactadnd etmxss eFrdJrI example, the

accordance with, the sent ti 25Fi ure a di agr anmat i
e e an sitarsien Caehiarey ba il R séctiahl Errlued pars of Loponents
confi gur at ifgpeoating and/Ef fIth§S Iﬂﬁtrﬁé?%c]rgsaﬂh% [Sjrbé‘i@fo?ﬁr%@sbﬁe may be utilized

repr esentations, I'n tw views, of an exerrp ary c I n accordance
with the prtessenure ancatigo partsdor drug and#orghmleeamautm @eamt atj;ngrhrm:reaie a

repr esqp alian Bl MG ALY 3THL S SRS NG Bl Brddon

cassette, there is no need to remove the molded parts or components to a
secondary device for post molding processing. The drug filling may comprise
any suitable process for adding a therapeutic agent to molded device. The
therapeutic agent may be in any form, including dry, liquid, and fiber.

15

The precision cassette may be utilized under any number processing

conditions, including large temperature ranges, large pressure ranges and
large humidity ranges. The precision cassefte may comprise any suitable
shape and profile as well as include any number of additional features, all

20  depending on the application. The precision cassette may be constructed from
any number of suitable materials, once again depending on the application. In
addition, although described with respect to an injection molding process, the
precision cassette may be utilized in other types of molding processes,
including compression molding, transfer molding and casting under vacuum.

25  Also any suitable materials may be molded in the precision cassette. For
example, silicone, thermoplastic resins and metallic materials may be molded

in the precision cassette.

BRIEF DESCRIPTION OF THE DRAWINGS

30
The foregoing and other features and advantages of the invention will be
apparent from the following, more particular description of preferred

embodiments of the invention, as illustrated in the accompanying drawings.

7



Figure 9 is an expl oded diagrammatic representation of an exenpl ary
nol d assenbly configuration in accordance with the present invention.
Figure 10 is a detailed diagranmatic representation of a single
runner, 5gate and attached part in accordance with the present

i nvention. Fi gures 11A and 11B are diagrannatic
representations CRsRsh i
accordance with P’? ‘é@;l 2P§§ﬁtgtﬁtégntl on. S(%(Jg\lé—?i]é ur erTPa;H}thEé %Yé}iehggf the
di agr ammat ilumapegsent ati on of an exenplary cassette with the part
connected to a sprue and runner in accordance with the present

i nvention. 15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Figure % illustragee 5 DRisRBAIOMN eRimblReofd ébﬁ\?&ﬁwﬁéﬁé@ﬁ&t@lfp!@g*ﬂhﬁﬁﬁ
eye 100. Tears are produced by the lacrinmal gland, not illustrated,
superi or t dknowe idherarborti on of each eye 100. Tears flow across the
surface of the eye 100 to 20a shallow pool, ternmed the lacrimal |ake
102, | ocated where the upper and | ower eyelids cone together at their
inner ends or nggglireeP dvistrbfe@Man @%rﬁp[etdifea E@ﬁétﬁ[ g ihcldﬁfr‘&rgh"e%bir
openings in each of the eyelids, nanel er [acrim unct um
104 and t hdor theeielgassr ofrane grum@rejthereaeutlrr@@mtaéhatp%nowadnﬂnmrt
punctum,104 and the lower lacrinmal punctum 106, the tears pass into
25t he upper lacrimal canaliculus 108 and | ower |acrinmal canalicul us
110, respect i velRigurehils aidtaghamimatiweppeddmtation bea erembary sicro

| acrimal sac 112. The lacriml sac 112 is the superior, expanded
portion of Slifene8eidaperried Rlueger iRisction ungin aceerdange withdhgiRigsentar
into the n stem The upper lacrinml punctum 104 and associ at ed
canal i cul us typically only drain about ten 30percent of the tears
fromthe eye 100, such that their obstruction virtually never |eads

tothetear overflow.  _ . . Tea the tear fil mconprises three
| ayers.15The fi ré{'gll”éfe@ IS%f Ssefﬂqraﬁiw%ef thes%%&%)y@'tlcmt%ltco@@dﬂ% dt he

eye and COMphHes é} u}‘.‘f@bﬁtgh Hﬁltﬂfﬁﬁ%\ﬁ% ﬁy Fighte @A'tékérhgloﬁgryeﬁﬂﬁﬁ liM@

referred to as go e nmucin 's¥I'n mcrosco
i rregul ari tA-és on or in the eye's surface which is inportant to clear

Figure 4C is a rotated view of the exemplary micro silicone mold

20  mounted plunger injection unit illustrated in Figure 4A.

Figure 5 is a diagrammatic representation of a cold deck nozzle

assembly in accordance with the present invention.

25 Figure 6 is a diagrammatic representation of a generic

sprue/runner/gate/component configuration.

Figures 7A and 7B are diagrammatic representations, in two views, of
an exemplary cell in accordance with the present invention.
30
Figure 8 is a diagrammatic representation of an exemplary cassette in

accordance with the present invention.



5vision. The second | ayer or mddle |ayer of the tear filmconprises
essentially water and nmakes up the bulk of the tear film A mgjority
of the watery conponent is produced or supplied fromthe main
lacrimal or tear_gland. Enotional tears and reflect tears, i.e. tears
resul ti ng from iguienBitan xpledgd dirgrgnmatigfarresertation of gn eyemplary
come fromt ' rl : : i ml. nds,
cnown as ¢ HAOK Sesary ohifealBlthaRiadangs bR
tissue and al so contribute to the watery conponent. The third or top

| ayer of the tear filmconprises a thin |layer of oil secreted by the
mei bomi an gl andsTigHE 1QiHca detriledslipgragenatic rpresitation ehasingle rarneatg
too qui gkly I Gl e dr - irSSATON condition
caused gy i%ast%% P ??féé;ﬂh%%%u@%cﬁ)ro n%eggefgﬂ%'ef%lhé]sﬁ erilqggcrl mal gl and
whi ch causes synptons such as dryness, redness, burning, reflex

ing, itching. or foreign body sensation, | jally difficul
cases of dry eyd 9HSUNEA ANIIAE Hedt cGRTHOALE BPTBPOBHAYS BEapieseEplary
I Nto one Orcéé%ﬁe%thtﬁﬁﬁttffﬁéﬂeﬁmn mﬂ&é&ﬁgh}ﬁépr&%ﬁ ﬁﬂéh?ﬁﬁ.e 1

Punct al pl ugs prevent ears, are being produce

deficient volune by the lacrimal glad, fromdraining into the

| acrimgl, canaliculi 1 110, .Pyngtal plugs may b ecured in the

| ori P punct a B4 Beted e daan ik R R AT s ShatusuRmpIaTy
required. 2538bRe wwhgm@czwart SorfiedtePic?a shRRS Snd Furidris bbBSREna8 with the
exenpl ary punctal plug 200. The punctal occluder or plug 200

conpri ses @resemtdneent®nR02 which is configured to rest on the
exterior of the punctum 104, 106 (Figure 1), a bulb 204 that

bl ocki ngly projects into the canaliculus 108, 110 (Figure 1), and a
body portion 206 connecting the collarette 202 and the bulb 204.
30Cbnnercial|¥ avai | abl e punctal plugs usually have a | ength of
approxilﬁf‘atf-{pl AlLEDDEIGRIEHON §) 0 i F F2MB b Y
slightly in configuration. For exanple, the bulbs of the punctal

pl ugs are designed to prevent the plug from being easily disl odged

fromthe canal i Fijus 1 Hodtraty the dnapene of ty deassgesystemseird homahidye
the puncta. The collerette is designed to have a dianeter sufficient

gnea / !
to prevent 10 T#ar§ are ednns kY thelaghimat glagds Ret lusizatedusurerioftelthe e
pref erably : ey iy i ' .
portions of dif @Iéﬂtomgélﬁ@}ei? 16{ ug’f;@é{ﬂr%if&gf’é%rbg?rtlﬁlglﬁrflﬂ-(%?aﬂ@%e#ea}%o to
are esgent isathatlosv poal; termed the lacrimal lake 102, located where the upper and

lower eyelids come together at their inner ends or nasal ends. From there, the
tears drain through small openings in each of the eyelids, namely, the upper
lacrimal punctum 104 and the lower lacrimal punctum 106. From the upper
lacrimal punctum 104 and the lower lacrimal punctum 106, the tears pass into

25  the upper lacrimal canaliculus 108 and lower lacrimal canaliculus 110,
respectively, which are duct-like pathways leading to the lacrimal sac 112. The
lacrimal sac 112 is the superior, expanded portion of the nasolacrimal duct, not
illustrated, which drains tears into the nasal system. The upper lacrimal
punctum 104 and associated canaliculus 108 typically only drain about ten

30 percent of the tears from the eye 100, such that their obstruction virtually never

leads to the tear overflow.



5functional connection between the collarette and the bulb portions.
The collarette 202 may include an aperture 208, illustrated in
phantom extending into the body portion 206 to aid in grasping or
securlng the punctal plug 200 during its insertion_into the puncta.
Exanpl es of punctearspirile teanfimecorarines thrag lsyersat Eng firglfaer or bottom

5 171, 270 deprae 953 0 ) oBfy TTeverp® s (MTIFICH, B AAededty

CGuena et alcellsamthdlcdjuRativentefdiisd ¢ ab gbBRt ¢élls.t Thd apudin fits iral .
In addition to, or alternately, a punctal occluder or plug

may be
utilized tdNGEISOPRIC BiRgUATItiRs D @werta@@u?ﬁ@%@@ﬁtvs igh i tsrﬂportant to clear
nmedi cat izon g I t I
Bl ug 300 RATOROa BB SRt e i ERIE Ry BRGE AR el BaibrRts BSRG Ly
i |l ustratedvater Engmmm(és up the hnlarqjdbheatearalemesﬂémeqmmtymme Wateryt rat ed
in phantom designed to store and [5 Igrse medi catiqgn onto th surface

of the eye.COMMRPITRIESS Praquesd@rrapried HoRT ihgumalh lagrimal aatear

medi cati on S.
I 20addi ¢ 1onO RO ER A lenteRY oot Ve, HgrRdeRul ﬁﬁ‘i"&h???@"ﬂﬁ@%“&”ﬁg
previ ousl y batiggt iy Inteat zefmmgnaquyenbnm ﬁn@mttheﬂﬁmnd@d:rimaﬂ gtacd.i Aseessary
punct al 300, conpri.ses a cqllare 304 a d a bo
ot 1 od050ddcriel Gams denas Sin0hays 66 Marad and et Ry a g
froma fl e@y@h@ua@@@éhala|s§a5ﬁna§tesﬂd theqident é’tﬁﬁpbﬁehtﬁpﬁfé'ﬁﬁ@

t he medi cati'on which w | he reservoir 310. 25Al t hough 5|I|cone
i s descri bdaygrafdhe teartfllmscqmpmaaaatthmcbay&stoé cillsgcretag bydhe angibomian
bi oconpati b be uti eservoi.r 310 may, be

For meq by SEHmE FherBRE S Brlaniids foard §prt RESAINS 14 plfkY0S o
the plug 300. In one exenplary enbodi nent, the body portion 306 may
be flexi ble or even accordion shape so as to provide the capability
of | endfhwi se eXpsufirignt tears or (drysyef is a samipem carditieacayaed Pie

col larette Aﬁ&ﬁﬁ&%ﬁﬁ%@g&ﬁ@n 31 'té%r%?r%nli d Fé%n@?é gfan(a.r d@[ahtcgﬁﬁégﬁ{/ﬁw%ms

punctum 10 ure 1) an rovi

openi ng 30&ushiashdryRess) rétlnesls buming| retlekasatmd, itchitgy, be faeig BodBA0.
In order to control t he del of a specific nedicatjon, the

geonetry ofSéPRat ‘Qﬁbe ﬂ@%@lynifﬁcgg 8588 Ghiipeays. i@ BunGial %Q%}UQﬁf Ahegpctal
For -exanpl g4 ep&?Pfa’&Q %%JFP@/OPﬁotﬂ'%?f'tﬂé‘%jcr |p’d‘r‘1'cfff‘?bﬁ'9] op
a cons pu ile’'release

medi cati on at ant sustal ned rel ease rate, sat
rate, an eﬂ@ﬂferrtl Elmctal phge praventdhdAearsawhiohoarki being produreddnf .

Thr ough ope ne atjon ased from.the 5reservoir
Tt o Phe T ERERT VoHet i el ol dRen Crin e B JRem gaeanalicul
eye drops dgg Whph ﬁd?ﬁtél%ﬂug‘s R RESEA 8 &y Eﬁlﬂaébfﬁ]ai Euﬁé’t&%iﬂ%ﬁ:t

i nt ended phar macol ogi cal and t hérapeutic effect ough not
required, tneshasia ahd pémgvedwitiegassowpen $@qtaredenl ar ged bulb 304 to

hel p secure the plug 300 in position within the canaliculus and al so
to provide additional volune for the 10reservoir as illustrated. An

ﬁxarml @sof this Re«em@ncﬂumﬁ ur@lUehérays PRistratetan BxémplarfdudBtal plug
unber 6, 196, 993 to Cohan et a
200. The punctal occluder or plug 200 comprises a collarette 202 which is
configured to rest on the exterior of the punctum 104, 106 (Figure 1), a bulb
204 that blockingly projects into the canaliculus 108, 110 (Figure 1), and a
body portion 206 connecting the collarette 202 and the bulb 204.
30  Commercially available punctal plugs usually have a length of approximately
2.0 millimeters, and differ from each other only slightly in configuration. For
example, the bulbs of the punctal plugs are designed to prevent the plug from

being easily dislodged from the canaliculus, and may be tapered for ease of

10



Punctal plugs may take on any nunber of configurations, sizes and be
formed fromany nunber of materials, depending on the desired
functionality 15and/or nedications to be deIivered As set forth

above, punct al ugs may take any size and shape. ﬁplcally, t he body

of the pundﬂ%@”‘ﬁﬂd’%oltgelph‘np% Ehpellesetigns @ﬁ@ﬁ@@‘ﬂ&l aye arfiameteind may
I t

R e L T

si ze of thqarefmablyg;rrﬁmthrmdmmfumnzenrrthxdrmfgthe@yeasTmethzlhbpontmnshxé
range from about | nm about 2.5 nm_ Rather, than one |ar openi ng
at any one CF % 20t BHNCtR] Plugs ase Sisq $ImiBe ) ﬁ%gwd@ée@@«gan h(e; BB'a‘y of

oot onar| y,  FrlhelB¥nREChit o ticeh (RE o)At RS oI R e
pl ug easi e’rcdt]aremeZ(wmmayi incluse @neaeetture 208p iustrated in phantétanektanding
pl ugs may b unber of suitahl e bioco

b ted  f bl
P or i oTY o B ed o 206 34 Hoe Bl Secting oh cggar plug 200

30pol yner s,4 g iRXASeHBN 1%%@%%’(& E‘Qé‘l‘h’ﬁ‘%@oﬂﬁunctal plugs may be found in
pol yhdr oxyet hl imet hacryl ate, polyethyl ene glycol, polyvinylpyrrolidone

and gl ycer dJ.5. &aterdiNurobae3 |98y tafeane 61385063 td Breem%mﬁﬂé Retherste

6. 367, 390, NWEPR'sB5a20. & 1,2 And i 126 Pl o harias L S BLAItumber

i ncl ude pols/ger BENas Gueteckt 4., el . m@hwmmbetbem@oﬁﬁﬁﬂsm et al.
el astoner, pol ypropyl ene, pol ytetrafl uoroethyl ene, tetrafluoroethene

cyclic olefln pol ymer, pol yurethane, polynethyl nmethacryl ate,

Dol y(vi nyl i cottse atissB, ¥ SletboBay, S PHEfhLaRT Ry G RSy 66 tiet
pol y(vi nyl nurdreﬂbem;‘nr mpeé Yedrapyliicagdats\dreldnihedisatbhgeFigure 3
pol y(di net h acryl am de), phospholipids, for exanple, phosphoryl

chol i néSdeﬂIYuﬁéﬁat%gn %Bt%m!q @Eéft@lrrﬁ?é'nchﬁd PHY %O(ézhaéragap s the form'of a
| h |
Goxt ran, i aey R PORERHRERARE 0 s TR iR 2, 1 FRES RIS o,

gum guar gamrvdﬂmdparllumrawdf latphandadsm ndesighed te eﬂofrahad regzseimediodtion
| gi nat e, f | at I ' d
oval bun n, 500 T iiAGR e e oF fesauvoir S0 ey be cBnfigured (3 Telease

the medication in any number of ways, including pulsatile and continuous. In

20  addition, the reservoir may be refilled as required. As in the previously
described exemplary embodiment, the ophthalmic insert or punctal plug 300
comprises a collarette 302, a bulb 304 and a body portion 306. The punctal
plug 300 may be molded or otherwise formed from a flexible material, such as
silicone, that is impermeable to the medication which will fill the reservoir 310.

25  Although silicone is described herein, it is important to note that any suitable
biocompatible material may be utilized. The reservoir 310 may be formed by a
channel through the interior of the body portion 306 of the plug 300. In one
exemplary embodiment, the body portion 306 may be flexible or even
accordion shape so as to provide the capability of lengthwise expansion as it is

30 filled with medication. The collarette 302 anchors the plug 300 to the exterior
of the lacrimal punctum 104 and 1086 (see Figure 1) and may be provided with
an opening 308 which is in fluid communication with the reservoir 310. In order

to control the delivery of a specific medication, the geometry of the opening
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pol ymers, for exanple, polytetrafluoroethylene and pol yvinylidine
fluoride, polypropylene, polyethylene, nylon and

et hyl ene-co-vinyl acetate. 15The exterior surfaces of the punctal plug
may be wholly or partlally coated with a nunber of different

bi oconpat i b?is et %@égtomﬂ?@dc'ﬂeﬁ Yﬁl‘f@etm"‘@yévf@é exampib dbe epepingedld s,

i ncluding |
nmuco- adheS|d\‘/‘§¥e &%ézd}?e%sfrog\?%g?l gggé@i&{]&%t&ﬁ' ‘i&f%wﬁ?t t/%dr%ga'{]gdar?l a8
anchori ng trage @wmleatﬂarrdl/easeaatye enrdxpoaemm rEMISecvéte ad/babhe

bi oconmpati bl e 20cgatings jncl ude gel atin, collage hydr oxyet hyl
met hacr yl at@myyBale Fh?;gr%fy pruahﬁ@ﬁmr&fﬁ% é’f'ﬁ?'%@%%n i wpeeased Trapdben,

chondr oist I I %ér%ﬂ-: 0 i Hért‘éﬁ ate agﬁ%ﬁﬂ%ﬁé'%e?@‘t’hc?ﬂ’iébﬁ tloWr%&‘agnés

polysacchar i onmens Ivates acryli’c aci
and chit osasye qropyaic, W|ﬂ1dhadear,s aral penairate fiad egeltd hlams meanmiended

nbi nat i th f 2 b d t th
her apeut | PNESBCERGICA 2R (IS RERLTC eliohnyABIURRAGUBRETES Be oangtal
barri er | axfiig BODWRENcbfBrisE BraRatoE ﬁﬂ@@bﬂﬁ’ﬁeﬁdﬁé&ﬂe’(ﬁ%@f@‘%éﬁ be

rel eased fromthe reservoir wthin"the puncta g and I'nterior
surface of pdsiiomavitBintthaetcadalidules ah@aimf@rmomdeoam:lmonawemmﬂ for the

30i nteractions, or | v rte | eachi ng,, of , the ,acti hera utjic .
Soent iRy ougReeaR anilistiAea AN syaRiblt S ol iR sl VA foog i
found that {§lee PRs@MNLABePh, loBIFPRUCHRaReeAl. W thin the reser voi r
may be aided by the selection of the geonetric configuration of the

punctal plug, or vmth the addition of various anchoring features.

cont § gur at | on- wh SRy et ey dBRP ey, & iR e pige s e

agent Wi t hifgrrhbe frios ahy dumbelr Bf ﬂidi@ramoﬁ@lpendlh@bnah@ﬂ@sw@&ﬁjrhcwohhh@
prinmer |ayer or adhesive |ayer may not be sufficient to hold the

agent ilA plengéor medisatipngfg/be drlivesgdonetry of the reservoir may be
nodi fied to include protrusions or indents for holding the agent.
These geonetric variations may be utilized alone or in conbination
with various barA:sj eet fb&h@b@veaﬂmwhmaganwWWakardn}mizé aly@lshapén ot her

ds, i t f t
Ui 17 ved 1t ORI e KRADGPh o anoGH it Ban i Shly obAR Slanaesefhcyiger
For exanpl ea 8nct aqn%\-n%Wﬁrth n%?frgtjr?%’(ﬁgcb 8%#1*18 a%PEB’F% and

surface of gtoin i on t he erapeuti c
agent 20 t heajoudlw |0f\~|dlh\e|nrihe¢a|age pbogalagut 0.8 mmhblkaEbout Benmnf Tise eizealf

di t1 on, - tHE CBEBIEH) MK B RGO Bt ey DBA FSCHACEdTarB abouh e
a better fifnmwud BbOut 26 RRNARAEE! Hfan one large opening at any one location,
multiple small openings may be used. The body of the punctal plug may be
wholly or partially transparent or opaque. Optionally, the body may include a
25 tint or pigment that makes the plug easier to see when it is placed in a

punctum.

Punctal plugs may be fabricated from any number of suitable
biocompatible materials including silicone, siticone blends, silicone co-

30 polymers, for example, hydrophilic monomers of polyhdroxyethimethacrylate,
polyethylene glycol, polyvinylpyrrolidone and glycerol, and silicone hydrogel
polymers, for example, those described in U.S. Patent Nos. 5,962,548,
6,020,445, 6,099,852, 6,367,929, and 6,822,016. Other suitable biocompatible

i2



15 Processes for manufacturing the punctal plugs are known in
the art. Typically, the punctal plugs are manufactured by injection
nol di ng, cast nol ding, transfer nol ding, stanping, enbossing or the
like. Preferably. the reserv0|r is filled with one or nore active
agents, wi tiRatsrialg insbige ralvearbonatescwslicalefin §@rb@w@érthefr60@lﬁ§tlc

manuf act ur e, éto}rﬂb‘? H&\g%%epgleﬂ?ee 885? ﬂLfb eglgpﬁ ho?c?etﬂ@h%e(ﬁl%

ot her COﬂStI S ex on a nu

factors, i rdbfirg po@mdwepalqmethara@qmlymetr@«gﬁmCWteppelg&(éthﬁledeg[ycm)
rel ease rate, and the neltin O%éggom S he therapeutic agent.

Pref erably, PQ'Y(@"WWPX'G?? IR rqRylepe @&F@beﬂﬁ'y(&&yl glcahpldct i ve anount

t,
i bi £ g PP B ERE s eR TNV THASHS L RObERRART o,
i nj ection rp‘dly{etigrks&dzbhm)e po@bdhmethwl;aauyliah*ildaj phosphalipids, dor examgleur e
that inclu novel Ilcone nmol d and

sized silicqne
e er | niRePBAn SRSt %olaﬁlﬂﬁvsb&é@'nmm GHEE. 30nanely. a
punct al OCCddI‘,ﬁ?’s%fccﬁéncﬂ’éé'Qan%Fbcﬁyﬂ%ﬁééVf%%'éxaﬂn’ble’" mreﬁuct i RAHGhNI

punctal plugs, the injection uni't may be utiliZed to produce

conmponent s mﬂdr(p»(y@tth)ellcebmloge m@mkyllpraﬁylmyu!eserwi’awglﬂn’agmammpe to

be fabricated from stoper such I cO

31 1 coe” milaha SRt Soartn SUEREcPrEaTL and BlaiRats: RGeS, for example,
aut onot i ve gMHﬁ%!I@@eh Salbmﬁrrﬁaﬁcu Bga@umnt BofahHAG 8kl fIlaGhEe8 _

i ncluding its hardness range (5 90 duroneter), the' fact that it is

i nert, odo(erOéwnersc eneiample, hql]gteiraﬂuer@éhylene gind podyvimdidirts @Jcm@h
dur abl t t
" ect i on RTREeReSPRYEENEnED YRR Comb B e A o

traditional thernoplastic injection nolding. To nold a conmponent with
a thernmoplastic requires that a thernoplastic resin be heated and
injectéd into a Iy extgdeusurarasidha Peosis paig Maythe whelly ercraidaliubber

requi res thatydeub Wi pdPs] LEANE RS alfe KeRlnAOOt RSP,
HiAp5! hERfae s PO e Maone

injected into a Sign an manu ure
mold is al moddéfmmbef obmméfas intlutimer lobptieasmass (bhed (imlr&edﬁﬂ'kofqhe

the cold nﬂe%lcdee(r:rh(ucoagdrgeessl\(/:errllebs%dtoIlrr:]'lprrrcl))vreetlsds?.lteaégmSgthSllletg,ut%Qtulrg to aid in
anchoring the device and/or any combination thereof. Suitable biocompatible
20  coatings include gelatin, collagen, hydroxyethyl methacrylate,
poly(vinylpyrrolidone), poly(ethylene glycol), heparin, chondroitin sulfate,
hyaluronic acid, synthetic and natural proteins, polysaccharides, thiomens,
thiolated derivates of polyacrylic acid and chitosan, polyacrylic acid,
carboxymethal cellulose and combinations thereof.
25
It has been found that with certain therapeutic agents or medications, it
may be desirable to create a barrier layer between the therapeutic agent
centaining material to be released from the reservoir within the punctal plug
and the interior surface of the walls that define the reservaoir due to possible
30 interactions, or inadvertent leaching of the active therapeutic agent through the
wall of the punctal plug. In addition, it has been found that the retention of
therapeutic agent within the reservoir may be aided by the selection of the

geometric configuration of the punctal plug, or with the addition of various
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allows for the equal distribution of the silicone rubber to each
cavity at the same hydraulic pressure and consistent tenperatures
profile. 15 The injection nolding of silicone or |iquid
silicone rubber is a process utilized to manufacture or produce
pliable, dughodngdeponrenmtEOTexampl, adbservoir ey eomerise a sigpieicylindrical

conpr essi o LtpurlieRah el e b sdte PR Bt b RerhERR R A
20t enper at 4hesesd19bin. Mbthmdvcsrdb Ghat hagse, Ied/%@ﬂW‘Yn atprirne@f [hpsr diihesive
production of conponents or devices wher e high quality is |n¥)ortant

for exanpl dayenmaapt e subisientdo olbthaagan in ﬁbaq%s‘&qqrﬁlggw here of
:he Si | 'Scorqeeorﬂmé@’bfjth%' reSERIG r’ngy%‘é%@&*p@&ltg'iﬁ?;%deeﬁwnﬁﬁ?or%p&%héénts for
r eat nent

I ntensive Str Ive mXin e ensuril ng

that the siHoldingghe egannsTlaésagé@wetre;rmraaubus enagy b@lutmmd dloABlueiimg
injected into a heated cavity or nold and vul caniz

Chemical ly, C@b'ﬂémwﬂﬂbﬁépuﬁ?aﬁéﬁrt[abqrsaa¢%?ﬁ"}’§f‘3 %’FE/PHEFiH‘(%@ye"S

el ast oners f b

at oms. and 1R, pORES. VlRof AbRGRENS of BEbfidRies Ak Epali malberuaed
about thirtty r(oBDDhqo@nugentamﬂortfba:eSﬁmeldrugauuﬂaafsaeqdnyed TRer Eyampml a
I|qU|dS|I|cone|nect| | di n chlneors tem_co

nurber 105 fEREET BHET Ay HEoRIBRPSED PRATGIBRIREEhS @PSrOJ%hérTBPBPt@iB%Q to
units, sup I pﬂ;eﬂ #RBoRGE

nol d. The Pﬁ?ggtdﬁl%@rﬂez@ﬁ on éig\sla} gzﬁ ||Hs res0 on5|tgiB fn%té}msgﬁ? it%g
the liquid nslmblt(tlammfuaohaxfrtdearsam’re thajreserivoin cohtan’megsthe rchmaaeum agente

cavities of, _th Press nd in tion ra

ot ot ool RSP AHeRETY of e pHPEGEP bOTrrEhE Hadrpd s Fladlp abetier
The neteri qgmﬂmﬁﬁqmmnmgv\o primary liquid materials; nanely, the
base form ng silicone and the catal yst, ensuring that the t wo

mat eri dfs maintain a predeternined constant ratio while being

For "the anm xod "abanten ol fadtiig 13 hiBcAEolaR PG il 408 BRMer <
cont ai ner s, TypatallgxaendhenhctdiGsiogs aieneiasulitGieddhypinfstithaholdmgrebst i al s,

are connected to the main punmping section of the system A static
and/ or dyndneleing fanstesrpelding, ﬁF?énWﬁge?mé?%S[Qﬂt%ﬂh? Hks. Exeferay the

met er i g UnbL ot Mkiohe dimbiPhERl dodthd) e d: WithBuedwRl e

20 materials, subsequent to the manufacture of the device. The amount of active
agent as well as other constituents, such as excipients, will depend on a
number of factors, including the active agent or agents selected the desired
release rate, and the melting points of the therapeutic agent. Preferably, the
amount utilized is a therapeutically effective amount meaning an amount

25 effective to achieve the desired treatment, inhibiting or prevention effect.

The device and method for injection molding silicone rubber may utilize
an automatic, miniature sized silicone molding cell that includes a novel
silicone mold and plunger injection unit to produce a drug delivery device;

30 namely, a punctal occluder or plug with a reservoir. In addition to producing
punctal plugs, the injection unit may be utilized to produce components of
punctal plugs as well as any extremely small device to be fabricated from a

thermoset elastomer such as silicone.
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m xing ratios and simlar viscosities between the conponents to be
m xed, whereas dynamc mxing is typically utilized wth extrene

m xi ng ratios and 15l arge differences between the viscosities of the
conponents to be m xed. Once conbined, pressure is used to drive the
m xture into an injection unit, through an attached nozzle, and into

manual shut -of f U PERIE e R S G R ey R B ghe”
The ol d cl[ﬁ@@stﬁggwm&rédmwgmbdt&urnmém Thtiofs; ih€l0diAg i¥tHHiAgss range
process and is used to open the nold once the process is conplete.
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mat eri al t drasiienal termpriasticipiestiag Meldingu| T Meida semponant ¥R st ent

t enper at ur g, i %ﬁlé?ﬁc Bhgur%g% B{érﬁo%lé’étk'r ﬂdoé Re 428 didinfettedifo a_

m xed in a one-to-one |c m xer
conponent s ooddrenadlaht 6ocmoltlm:tompbaenwlthng qwlrammesrsubbenmﬂ;wtaeltuaﬁieglhqmd
30Accordingqurc,opthe coldgrlve IS zed to retard the c
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deck and then into a'%eate cavity &ﬂ ere the vulcani zation t
pl ace. The Tdw cbldetelck@mcﬂh@eqb!rmbldcrd)eﬂh Ag desetbeéd i moreidetaitdulisegsently,

t | t h t di t| t t
e N A e
silicone rubRes hida hﬁcpréslwélaﬁa%@hsgkémtémb@rdfaﬁe%rm@h[eval ve gate
waste. 5Silicone injection nmolding of mcro sized conponents, such as

punct all5pl ugs or conponents of punctal plugs, in a conventi onal
silicone injecti ficult..due to.the inbal anc
pet voon the amouile Bt REaPRER sitobrEl oGl bucdfhiments o BT
ot her wor dstilizéetmghuysdturgeooprodate pligble\W tRible tb@poBEats ialhigh odfume.
path in conventional nol ding qb i pment is
Silicone or liquid S|I|cone rubber is a high purity platinum cured silicone having
a low compression set, excellent stability and ability to resist extreme
20 temperatures, both hot and cold. It is ideally suited for the production of
components or devices where high quality is important, for example, in medical
devices. Due to the thermosetting nature of the silicone, liquid silicone
injection molding requires special treatment, including intensive distributive
mixing while ensuring that the silicone remains at a low temperature prior to it

25 being injected into a heated cavity or mold and vulcanized.

Chemically, silicone rubber is part of a family of thermoset elastomers
that include a backbone of alternating silicon and oxygen atoms and methyl or
vinyl side groups. Silicone rubber comprises about thirty {30) percent of the

30  silicone family.

The typical liquid silicone injection molding machine or system

comprises a number of functional components, including injectors, metering
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10 nmuch greater than the volune of the mcro sized conponents thereby
elimnating the control system s ability to discern between filled
and non-filled cavities. The device and nethod for injection nolding
silicone rubber may utilize 15a micro sized, plunger style, silicone
i nj ection uiits, SHRRIY HHUMSs MiXerecno3zles b lanst opedneldgilamp@ng moldd The

ool miftsEf R iFcar e e N BsBATRI<EroY ol nb s Rl SREHE 35S
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a pneumatically drjven devjce or anly other suitable neans.that is
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unit works 1n conju lon wth the'cold nozzl e shu alue to
regul at e nulmnizedimatefialsl i Sypply dsisns assezibas gtheatchataindranfarexemple,
position or time like that in a conventjonal injectiqn . X
mechi ndPpr GOBLRINCTERRIFE RIPTenfHEn MAR D AR APINEHPRIA fie Daim pUTERS
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i nes, and a 30conventional machine 1njection unit.

Essent i al | \gftartleeexibiiiecamegtérirjgegnitso nStatic tmiginggs typiesl iyt utdized mdihngimple

g et R T S R R
Al t hough t Rgn&saselyaadhid RibRd IPHpItAIY LHRSS WRBSxReRrRI Mixitd HitRsand

silicone, it is inportant to note that the exenplary injection unit
may be 16t i llargeddiffefancespebuieenhevigaesitienrf thercompenents fo bgsnixadt can

5ai 11 cone. aAerOBDRER pRESHRRLT SRR GRE bflitirfarBla BBl Mt
above. | npahicugh drhatticharbnd ot eBameingd asissiyratethhiold.s Tgpiehlly, ahs motzle
repeatability wthout coggrom sing the mechani cal and perfornmance

at t ri but es iRflugezap @denptiprng/ormanyl shyhoHvalussiesprevent lsakage and
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m niaturization, but on reducing conplexity, degrees of freedom and
process vari ati on.

As briefly described above, the silicone molding of a part or component
requires that the liquid silicone rubber be kept cool (60 to 77 degrees
Fahrenheit) prior to being injected into a heated mold (340 to 410 degrees

25  Fahrenheit). A runnerless molding system or cold deck is a device which
allows for the equal distribution of material o each cavity at the same hydraulic
pressure and consistent temperature profile. The raw materials utilized in the
process are mixed in a one-to-one ratio, typically via the static mixer. Once the
components come into contact, the curing process immediately begins.

30 Accordingly, the cold drive is utilized to retard the curing process prior to the
material being introduced into the heated mold. Essentially, the one-to-one
mixed compound is pumped through the cold deck and then into a heated

cavity where the vulcanization takes place. The cold deck and general cooling
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Conventional technol ogy uses high volune cavity tooling i.e. high
15vol unme as in a high nunber of cavities to fill, to conpensate for
vol unme control fromcycle to cycle. This is done to overcone the

| arge volunme of a netered amount of material comng fromthe

pl asti ci zerrepels iy moumiahtpsasd materialafethet iojagne oatersstirastly ével thepart,

control wt teri | U d it 1. Thi ones. ver
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vari ations as expl ained by the power |aw). The current technol ogy
process flow may be briefly described as follows: In a first step, a
silicong cross ld; d LG t]
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and screw r, i I ri i
i eot ed | iaerehfow riefve 8'EomosheRt vollifelah Yieh B I ef volume of
mat eri al i maleeiahwithincheé matedal/flale ¢atthirocaageatiopalonoldngeguigaeet id ed
into the cold nold de%k. The cold g&ld deck,%léll ows for 30 thg equal
di stri BAt i SRUCH SFRater han the velkme ehNG PIUP SR ARROMRYE MRy
pressure a i i ndr@
e orial | RS R Lo RTRFRS SRl dSqn b ae lled b ndled
much nore gawijliesfi ed version of the injection unit or system
conprises a plunger unit which is attached directly into the cold
deck, thereby substantially shortening the material flow path. The
posi tion and 5hqthe'séié\ﬁcéfﬁhd%tﬁ@@?@%ﬁdio@%élﬂﬁd ﬂﬁbdﬁé l'd_?ﬁ)bﬂﬁ\aﬁfdlﬁtlliﬁé
e no

pitch position screw or a dc positiona servo drive.

cavi ty 1fs & mycrdisizest Ipjungsustywel siliconednjestion eindthatreounlisdlitedy intTH
process flow.in accordan ith.the present inyention may, be.briefly
Gescri bed At & §Hilie MAfCaiphg dithef Bl n et g B ERprayY ineson
of the sil i@ nsridedoslemglataitdlid cartriige thatifbeds ped-hixstdSiiconddirectly
second step, the 0.5 liter cartridge is attached directly to the

pl unger unithroughthongiwaydehasktvadie ith henplupgeauaitaaathe coldigws offs no
! UL 2 s f e
Mo oni ra rRrels Y he W] FeR i, SRR sb it e BNGE Hholnl it

t he cohkd dekd nthtenal flow pafh, @3ldestabed ihdetiill sSubsaguerstyi andhaetwired into
the nold cavity,, A nore detail ed description of the process is given
subsequent [t UDE'BRON{rps pxsieaemoniipt ang epairgl theigigstianpequansing,and flow
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as conpared to the conventl onal "system described” above. rect
pl ungi ng i reflexttib enator, c preakm ptically dvivehaleviner & ammnother soivable meeand thiat

o o oot i BT e PSSR RS SEETRF AR e s
25 feedback signals from the sensors/transducers. The plunger unit works in
conjunction with the cold nozzle shut off value to regulate mold cavity filling by
pressure sensing rather than screw position or time like that in a conventional
injection machine/process. Accordingly, the injection unit eliminates the need
for peripheral material pumping stations, lengthy material feed lines, and a

30 conventional machine injection unit.

Essentially, the exemplary injection unit simplifies the molding process

associated with the micro silicone molding of punctal plugs, punctal plug
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20 shot design technol ogy. The control |ogic sequence of the plunger
provides for silicone fromthe cartridge to be delivered by regul ator
controlled air pressure into the plunger unit through a one-way check
val ve, then when signal ed, the plunger and nozzle val ve open

si mul t aneosIgpeaNts ﬁ@d@r@w@themm@ isizes davices: sAlthqudiigibe xemplary

sili cone thy gl | e EeSthanannsh L dRe Il iABskd fSnese st e

25val ve cl 0YeS ah pl'unger tTe ts s rechar ge

posi tion. Exemplaryan}e@ﬂah iupltenayp e utilizecivith mrﬁdt@b]eeﬁhaﬁerra[mm&wt&
to about 0.8 bar. The plunger unit conprises a 3 nmm di anmeter_ plunger
with fine s}itlw@w%égnthedﬁm@yog cnded raddiag maldlmﬁ prapesiies sighlar Mﬁbﬂt of

encoder o T
epai r nd UcPe RS, ARkl tctndeSl BRSHIAES WPiro fcBEhns SeLFHA Mhye,
as descri bdamhpantant td mmMMamemT@mnhta gnit is shetie shbt ripeatability mithout

as well as a nunmber, of other features, any suitable alternate ans
may be uti |Gopromising the meghanig 6”5@@%&5?8%‘9@E”bwﬁsamdh%éum PBIG; s
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injection unit or system e utl |ze esent
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three main conponents; nanely, a Silicone’cartridge assenbly 402, a
m cro pl ungeriaiiof.ecti on assenbly 404 and a cold deck nozzle assenbly
406. 10The silicone cartridge assenbly 402 conprises a cylindrical
canister 408 with at |east one threaded connector 410 and a pneumatic

connection port Menfbﬁaﬁbbhﬁ@@@ygééé higﬂgﬁﬂmefavty tdélihd ie. ¢ogmect ed

to the cold deck nozzle assenbly 406 via sinpl e plplng arr angenent
414 whiléh ivetinees naadw@bmumev@fac@smesﬁ@ﬂ&rt@cﬂommwta @ ywneostrol

' mor e detian? cRAPATpELTHER: i B b bich: YGHE Y o FRfikl ™

cartridge asgseunitlof Mérialltemmigl freanike pRisticizdgeedseatiny rrfk%le feeded to

secured to the mcro pl ug?er i njection assenbly 404 via_bracket 418.
A cont ai nergenﬁbﬁteﬁom%{ @HCOTEWWS'FW@@' HP’ém?ﬁ B¢ positientascerRey.

(1:1) sili T bedrh égxebfd?ﬁ&htttb%ﬁﬂd wnt@%iyg%bﬁ@hb{:gke i e e 408

such that pneuna essure from por orces I cone
m xt ur @0t hivargs té bentebledisplae¢mentidsd ahalt amwa@n(\jamraaona‘lcrpa;mvg% 4adld

of the mcro pl.unger injectjon assenbl cold d ozzl e assenbly
206 in a coRrBEITEas cxRIRIId B KR Byde i BT dRiTAsaY BRgess
coor di nat eg; W‘ﬁ’nag't@ BYge éédn'b(ée femgem alfirétep, é Qfﬁcéﬂékf‘dé‘s‘}ﬁ%ﬂeﬁs
is descrlbe etall sequent y. t hough pneumatic 25pressure Is
utilized t@nﬁquaﬁlmzercare\seatmdlly@ndé)rfdynan"umwsmIxnedon@ ma«mg siddjen. Ina
assenbly 402, any, o ther suitable means may b? utilized. .. -
second tep, the mixture 1s pumped into @ métering/reciprocating plasticizer
25 through an elaborate network of hoses from the mixing station. In a third step,
the material is metered and dose determination is made by position and screw
rotation. In a fourth step, the metered material is injected into a manifold for
separation. In a fifth step, the material in the manifold is divided into equal
amounts and deposited into the cold mold deck. The cold mold deck allows for
30 the equal distribution of material to each cavity at the same hydraulic pressure
and consistent temperature profile. In a sixth step, the material in the cold

deck is injected into the mold cavity.
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The m cro plunger injection assenbly 404 conprises a housing 422

t hrough which a plunger rod 424 travels. This plunger rod 424 is
utilized to 30 force the silicone through the internal passage 420 of
the col d deck nozzle assenbly 406 based on conmands by the control
system 500. The AMmutfenoregimplifiedasersian pf the jeaionryii o systemicongrses

o unger - sedt PRORF hof BEIAPE achEhiEehy i HEFOREGR A s ses
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illustrate r i : i i

pneumat pealiy €onrE e TRRELRREY & 385 BBl e oo Bthesed
pressuri zedackaThepracets lavwin b rdantd aith e pessdr thvdntien phay be briefig
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the sydPemtRe® B0 JERaRigEHNalRN freauhosss w&%aﬁf@%{'%na@&ﬁqﬂﬁrgw RA{h.
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is positioned aroun unger ro roxi mate a pl unger
i ndi cat or fdrag. #384.final stem, tHbaitlcors: isngjectabindd themolkbcawty. tA morshot

adj uster 43 rri?e@(ge uIi.Iizgg"to set _or fine tune tr}ia size of the
silicone sHtt@ @SANRIRR LS RIFESAAS GYENSHORBAYEM M ot her wor ds,
the shot adjuster 438 may be utilized to set the nunber of m crograns

of silicone to be ejected fromthe cold deck nozzle assenbly 406 in a
si ngl el§hot . Thelhsheystenjsat ferth hesipaiews fonhverygmall shot siadscndmioreut

440 20 ted to the.h i 42 h that. i | t i th
enon_ 430  HEgslsh i S B = dafh Shibel Bl By Binnarl AU oo of
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exenmpl ary enbodinment is 3 mmin diameter and the injection stroke
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25 valve closes and the plunger retracts to its shot recharge position. This is
accomplished by regulator controlled air pressure to about 0.8 bar. The
plunger unit comprises a 3 mm diameter plunger with fine stroke position by
screw and digital micrometer or linear encoder. This plunger unit is a stand-
alone unit that is easy to repair and overhaul. It is important to note that while

30 the device as described and illustrated is pneumatic in terms of piston control
as well as a number of other features, any suitable alternate means may be

utilized.
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val ve, described in detail subsequently, that opens and cl oses the
cold nozzle 448. Control signals fromthe controller 500 open the
nozzl e 448 for delivery of a shot and cl ose the nozzle 448 after the
shot has been delivered or between shots. As before, any other

sui t abl e means re§femdnditd Figeers 48, 4B andadd/ bersisdliurieaten anexemplanss.

por t o454 RICESBEa0 BRGNS MR aGERY! 5 of SudkrrASE Mt haPoe
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Figure 5 illustrates a detailed and expanded view of the cold nozzle
448. As illustrated,.the O-ri. seal s 458a, 458h and 458c. are .

posi ti dfled in g?@zﬁ/@kmé ??férufqgﬂ asmwé%@m%ﬂiﬁso%PH'@C_@[C@L@@@ater 408
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fl ow channels. Silicone material enters the co nozzl e throug
orifice or 4@enT mgsiliéone oadtidge besewmbly 402 israpsnéb&d tartie 468t dacidnozzle

fl d.th hut - of f | in 462. t t th | d
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flows up, appNgh@nthd BssciOFAYe 498 hreRsitd Baek préssur® Rns tHerRAPFdsRBd
466 of the 25 nozzle assenbly 448. The | arge body section 468 of the

assenblly caongleriabin thesyatem, eesohibeddn mgerndeiais belowafroanfargingtailiconpens
and cl oses the .nozzle.448. As, described,a e neunatic jnlet port

750 and_ 4o SR RGheRiaRe BHRERHsBE bR AR S THE e Srtlg asSafisy
448. 30The spgeigRlealbediocthe riickd pRIMEATHjECt P sReh I Y0g68iia BridkePB18. A
system 400 functions as set forth in detail below Wen nolding parts

or conponerfodtaigen, ngdHlestratad. cagmpsisindcd Rec-sux¥ed.iangetosere bl ysiions s

driven int %i&ﬁﬁerﬁ‘; g@%@jBﬁ%@?ﬁﬁ‘é SRAHEALARREM Y A 114t PreBftdiR | ed

air pressure’regu
20  pressure from port 412 forces the silicone mixture through the check valve 416

and into an internal passage 420 of the micro plunger injection assembly
404/cold deck nozzle assembly 406 in a controlled manner. A control system,
500, controls and coordinates the timing of silicone movement through the
system 400 as is described in detail subsequently. Although pneumatic

25  pressure is utilized to force or drive silicone from the silicone cartridge

assembly 402, any other suitable means may be uiilized.

The micro plunger injection assembly 404 comprises a housing 422

through which a plunger rod 424 travels. This plunger rod 424 is utilized to

30 force the silicone through the internal passage 420 of the cold deck nozzle
assembly 406 based on commands by the control system 500. The plunger
rod 424 may vary in size from 0.5 mm to 6.5 mm and the internal passage or

bore 420 is sized accordingly. A plunger seal pack 426 seals the plunger rod

20



control unit 500. Silicone in the inside bore or internal passage 420
I's driven through the cold nozzle 448 of the cold deck nozzle
assenbly 406 via commands fromthe control system 500 and into the
nold cavity. The control unit of system 500 is programred to run the
entire procdsatitheaeciondsives (0% mnstabh ik rBw housied ¢28.suniseinds and

control system 500 i f eedb sed stem t hat be ,i npl. enent ed
T any sul SEEPE R kAo R R PR o Ja O AEDH OB AR ma B B
M cr o- cont rldudiatichlly, V8 B déctHBiserRf meYGt @TAEARhESsIta10é ATBERTS. tiA then
the entire process in accordance with a preferred procedure. The
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granms. Thi sandshé4ystem 48 isvechasged andecady taestould thes hext injestiomypr be

readily understpod, therge is significant ingcrease.in c [essi.on o
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reci procating screw syStens are i ndependent Tromthe silicone nold
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must flow fromthe materi inlet port,.on the barrel, and be augured
Bong the PO Rd BlzBiorithe sBirihe B8Rl licqpRiHE wd ayAf mi it
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nol d and then be 30distributed equally to each cavity. This entire
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the inj ect iI®3F SikFang Dayheopigeies: kasad thanbraw of dyelurget ekt edneds
close to thes fkHla S, 1RE blunger rod 424 in this exemplary embodiment is 3 mm in

diameter and the injection stroke length is adjustable via the shot adjuster 438

and lock nut 440, both of which include fine threads for precise adjustment. A
25  manifold block 442 with inside bore or internal passage 420, in which the
silicone flows to the cold nozzle 448, is mounted to the end of the micro

plunger injection assembly 404 opposite that of the shot adjuster 438 end.

The cold deck nozzle assembly 406 is directly connected to both the
30 silicone cartridge assembly 402 and the micro plunger injection assembly 404.
The cold deck nozzle assembly 406 comprises a nozzle holding base 444, a
cold nozzle holding block 446 and the cold nozzle 448. The cold nozzle 448

comprises two pneumatic inlet ports 450 and 452 which control an internal
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5 nozzle. The systemhas a greatly reduced material flow channel

di aneter which is held constant up to the point of exiting the cold
nozzle orifice. This provides a stable pressure constant within the
systemunlike that of a reciprocating screw systemthat begins with a

12mm di amretv@lvargieseiibed thdetas isubserudaidly, thed opess andrcleses thermpithnerzle
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D spl ace mepisshgaRbe dihRESHpI¥RE Ridbf HeSR]I@ 7828 M8l 288 forth above,
the pressure sensor/transducer 456 is hard wired into the control system 500 to
control the injection sequencing and flow of material through the system 400.

O-ring seals 458a, 458b and 458c¢ are positioned around the cold nozzle 448 to

15 prevent water from contacting the silicone.

Figure 5 illustrates a detailed and expanded view of the cold nozzle 448.

As illustrated, the O-ring seals 458a, 4568b and 458c are positioned in grooves
of the cold nozzle 448 to provide a sealed separation between the silicone

20 material flow and cooling water flow channels. Silicone material enters the cold
nozzle through orifice or opening 460 located between O-rings 458b and 458¢
and flows up around the shut-off valve or pin 462. Water enters the cold
nozzle 448 through a channel 464 between O-rings 458a and 458b and flows
up, around and then back down inside of the long slim portion 466 of the

25 nozzle assembly 448. The large body section 468 of the assembly comprises
the nozzle shut-off pin piston assembly that opens and closes the nozzle 448.
As described above, pneumatic inlet ports 450 and 452 supply the air pressure

to open and/or close the nozzle 448.

30 The exemplary micro silicone mold mounted plunger unit or system 400
functions as set forth in detail below. When molding parts or components,
silicone from the silicone cartridge assembly 402 is driven into the micro

plunger injection assembly 404 via controlled air pressure regulated by the
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Pl unger Stroke maxi mumis 50mm 0. 0129 Stroke mninmumis 1mm 0.0129
Stroke used is 30mm 0. 0129
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20

25

30

control unit 500. Silicone in the inside bore or internal passage 420 is driven
through the cold nozzle 448 of the cold deck nozzle assembly 406 via
commands from the control system 500 and into the mold cavity. The control
unit of system 500 is programmed to run the entire process in accordance with
a preferred procedure. The control system 500 is a feedback based system
that may be implemented in any suitable manner, including through the use of
a micro-controller. The control unit of system 500 is programmed to run the
entire process in accordance with a preferred procedure. The control system
500 is a feedback system that may be implemented in any suitable manner,
including the use of a micro-controller. As set forth herein, the shot size is
determined by the stroke of the plunger rod 424 which may be adjusted
manually by the shot adjuster 438, or from the controller to a servo drive.
Silicone flow itself from the cold nozzle 448 is controlled via the control system

500 through the cold nozzle valve.

Table 1 below summarizes the displacement for the system 400. As set
forth, for a thirty (30) mm stroke, the silicone displacement is 0.0144 cubic
inches or 0.211 grams for a single shot. For a comparison, Table 1 also
summarizes the displacement for currently utilized 12mm diameter
reciprocating screw devices. For a thirty (30) mm stroke in the reciprocating
system, the silicone displacement is 0.2069 cubic inches or 3.3905 grams.
This is 14.3 times more silicone for a single shot. As may be readily
understood, there is significant increase in compression of material associated
with the reciprocating screw devices currently utilized which result in material
flow variation. The reciprocating screw systems are independent from the
silicone mold which adds material flow distance into the system. Here the
silicone must flow from the material inlet port on the barrel and be augured
along the screw until it is compressed ahead of the screw tip. From here the
material must travel through the machine nozzle to enter the mold and then be
distributed equally to each cavity. This entire system is subject to material

compressibility which equates to variation in material pressure and flow rate.
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The 3mm di aneter plunger has an area of 0.0129 Di spl acenent of 3mm
rod @30mm stroke = 0.0144 0.211 D splacenent of 3mmrod @ 1mm

stroke

10

15

20

0. 0004 0.0066 Displacenent of 3)mmrod @50mMm stroke =

The exemplary micro silicone mold mounted plunger unit or system 400
specifically reduces the flow path of silicone such that quality and
reproducibility is increased while waste is reduced. In this system the injection
unit is incorporated into the silicone mold extremely close to the cold shut-off
nozzle. The system has a greatly reduced material flow channel diameter
which is held constant up to the point of exiting the cold nozzle crifice. This
provides a stable pressure constant within the system unlike that of a
reciprocating screw system that begins with a 12mm diameter material channel
and then reduces over the length of the flow path of the system. The actual
injection stroke end position is located at the junction of the material flow
channel and the cold shut-off nozzle. This arrangement and reduced material
channel volumes significantly reduces material compression and pressure
variation in the flow of the material thereby providing superior shot to shot

repeatability.

As set forth in Table 1, the material displacement, 0.211 grams, for a
single shot is substantially equal to the desired total shot weight of 0.218
grams. This is only achievable with the design set forth herein given the direct
connections and exiremely short flow paths. With the micro plunger injection
assembly connected directly to the cold deck nozzle assembly, the plunger rod
drives the thermoset elastomer, silicone, through the internal passageway or

bore of the cold deck nozzle assembly and the cold deck nozzle.
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0.0214 0. 3516
reci procating screw has an area of 0.752

Reci pro- cating Screw A 12nm di anet er

Injection | Out total shot weight is 0.218gr Rod/ Material Material
Type Screw | Displace | Displace
“Area” | ment ment
(Cubic | (cubic (Grams)
inches) | inches)
Stroke maximum is 50mm 0.0129
Stroke minimum is 1mm 0.0129
Stroke used is 30mm 0.0129
The 3mm diameter plunger has an 0.0129
area of
Plunger [ Displacement of 3mm rod 0.0144 [ 0.211
@ 30mm stroke =
Displacement of 3mm rod 0.0004 0.0066
@ 1mm stroke =
Displacement of 3mm rod 0.0214 0.3516
@ 50mm stroke =
Recipro- | A 12mm diameter reciprocating 0.752
cating screw has an area of
Screw Displacement of 12mm diameter 0.2069 3.3905
screw @ 30mm stroke =
Table 1

In a typical injection molding system, the nozzle of the injection unit

injects the molten or liquid material, for example, silicone, into a mold or die. A

sprue is a channel through which the molten or liquid material is injected out

from the nozzle of the injection unit and into the mold. The sprue generally has

a smooth, round, tapered configuration that facilitates smooth material flow

therethrough. Runners are channels through which the molten material flows
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Di spl acement of 12mm di aneter screw @ 30nm stroke = 0.2069 3.3905
Table 1 In a typical injection nolding system the nozzle of the

I njection unit 5injects the nolten or liquid material, for exanple,
silicone, into a nold or die. A sprue is a channel through which the
mol ten or Ifreoithe satus and intg thecavitiesiobtie mplshvialgatemnzAlgateds ane

ound, ¢ apctprESnidlahabin e horelinBRiiF BEREHA: RV PR R o
t her et hr ougdbrfdrRthae hamdee of avtiehs, inbILag resttictingtthe flow drendmedtRin &

fl ows
moiten material and facilitating removal of the parts from the runners.

It is important to note that while the term sprue refers to the channel or
passageway through which a molten or liquid material flows into a cavity or die
where it solidifies or cures to form molded parts, it also refers to the materiai
which solidifies or cures in the channel itself. Similarly, the runners are also

10 both channels, typically having a smaller diameter than the sprue, through
which the molten material flows as well as the material which solidifies or cures
in the channels themselves. The solidified sprue and runners together form a
framewaork attaching the molded parts, for example, punctal plugs, together in
the roughly planer arrangement. Figure 6 illustrates a generic

15 sprue/runner/gate/component configuration or framework 600. As illustrated,
the sprue 602 is connected to the runners 604 which are connected to the
molded parts 606 via gates 608.

The present invention is directed to precision cassette plates for

20 securing any number of molded parts, for example, punctal plugs. The
cassette plates are part of the molds utilized in combination with the exemplary
micro silicone mold mounted plunger injection unit which in turn is part of a
small scale, self-contained, fully enclosed, filtered, manufacturing cell that
molds and distributes micro-sized components, for example, punctal plugs,

25 throughout the complete assembly process. A detailed description of the
exemplary cassette plates is given subsequently. Figures 7A and 7B illustrate
an exemplary cell 700. The exemplary cell 700 comprises an injection molding
unit 702, a mold stand and/or base 704, a mold 706, a cassette pre-heating
station 708 and a robotic manipulator 710 mounted within a case 712 having a

30 filtration unit 714 for maintaining a substantially particle free environment within
the case 712. One or more cassette holding assemblies or racks 716 may be
utilized to hold either cassettes with parts or full cassettes, empty cassettes or

both full cassettes and empty cassettes as is explained in detail subsequently.
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fromthe sprue and into the cavities of the nold via gates. A gate is
an entrance through which the nolten material enters the cavity. The
gate perforns a nunber of functions, including restricting the flow
and direction of nolten material and facilitating renoval of the
parts fromthe runners. 5 It is inportant to note that while

t
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assenbl y preeess sybteie!ftdrehicAgs cid?tﬂngj‘is%oHé@i, eheeraRbArOlr iRl futhctal
plates is given subsequently. |L3ures A and 7B illustrate an
ra

exenpl aby @dug is7iligd Wik aglteaforaulatien ang tite casastiesallosnfor gpeb plugto be

casset e prid faTediioYshe & e BERSS mani pul ator 710
nmounted within a case 712 having a 30 filtration unit 714 for

mai ntai ning a substantially particle free environment within the case
712. One or nor d hesgassettes maxbe geusahiennd daanyfapkiced fremsang pupder of

i zed . _ i
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designed with the cassette pre- heatin ation 708 that is capable
of pre- heaﬂ”‘i‘ﬂ&”ﬁ'ﬁ&@% @,efngB@SF'Bé%S'F% S'igﬁaqqsséﬁ%é%a'ﬁﬁ YO to nol d
t enper at ur 1Rk I i i i :
it or al - parEIRhireCa BEFHETRMng ORI FrotRsf as IRlas B35 fidided PartBuring
the de-gating process. Essentially, the cassettes may be fabricated from any
suitable biocompatible material, including ceramics, polymers and metals

25 and/or metal alloys such as cobalt alloys.

The cassettes, as described in detail below, are designed with two pre-
alignment holes and two precision positive anti-rotational features that
guarantee accurate placement of the cassette each time at each stage of the

30 manufacturing process. Two pre-alignment pins engage the cassette during
the closing stage of the molding process to ensure the cassette is sealed into

the mold prior to the final mold clamp stage. It is important to note that the two
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pl aced into the nold at the beginning of each cycle by the robotic
mani pul ator 710. Upon conpletion of the nolding cycle, the filled
cassette and sprue/runner are renoved fromthe nold and then anot her
enpty cassette is placed into the nold. During the subsequent nolding
cycl e, the pregisioncPasiienaftirreiationat featdrexmeyconmyisspaiesyitaier at a
di scard Io%% hggr gﬂ then positions the filled cassette at the next
manuf act uri 5@ . These cassettes are key to nanagi ng part
handl i ng and positioning of individual mcro-sized parts throughout

t he manuf acturing process. For exanple, in creating a drug rel ease
system after edt@fepinecnew tpFigyres, therads jllusiiatadeare exemplan casgeite
punct al .15 | | | i A S .
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osins. TheEa I el PN BIAd C e dlcted KxBier oEH EBIAER, the
mol di ng pr aassstt@800tis Hesidsed he hotl ided ppestanduas ageh has fter dlatoiugh-holes
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cassettes, as describe et al ow, are desi gnegoiieinsth
pr e- al i gnmetignmeing thaugh-holes B0dAsepheapessitte alignarerit -pirg, aleisonlkéd in detail
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to ensure the cassette is sealed into the nold prior i nal
mol d cllanp psecigien anti-iodationsd fealnest @G ané 80BatT henfeatwies 896«k8GH may
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precision thin plate construction with a substantially circul ar

shape; howseafiguigtinaanshsipe sualthalcagselte 888 capgot be misaligned. The
features 806 and 808 may be positioned at any suitable location on the

20  precision cassette plate 800. In the illustrated exemplary embodiment, the
features 806 and 808 are cut or fabricated along the perimeter of {he precision
cassette plate 800 one hundred eighty (180) degrees apart from one another.
The diameter of the cassette 800 and the thickness of the cassette may vary
with design. The precision cassette plate 800 may be fabricated from any

25 number of suitable materials. For example, the material may change
depending on whether the plate is to be reused or discarded after a single use.

Exemplary materials include stainless steel and thermoplastic resins.

Figure 9 is an exploded diagrammatic representation of the exemplary
30 mold assembly configuration 800 in accordance with the present invention and
how the cassette 800 fits into the mold. The top portion 902 of the mold
assembly comprises any suitable configuration made from any number of

suitable materials. In the exemplary embodiment, the top portion 902 of the
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set forth above, the cassette 800 nay be designed to hold any nunber
of parts, for exanple, punctal plugs. In the illustrated exenplary
enbodi nent, the cassette 800 is designed to hold four parts and as
such has four through-holes 10802 which engage the parts as is

expl ai ned imoldeassiemidy bzayoenplise aThend as sqtare Sodiedsssieelorpeipies t wo

| t.h 804, - al t though-hol.es 804
Pecept casdBlANGI G Fron0S SR ooriob i pOaBT e HbS FroseB BTN o
ensur e t hatgga@neastsitle iPH0strstca PRt PaRPRIth )[hé fwd Pee-BRGmBhHt FPfroElgh—

the final nold clanp stage. The cassette 800 al so conprises two
15pr eci si orhcier 804 in e erssetieuiflesirgod imhiwes. ITmore due-@ligameos
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cut or fab e'perineter 0O € precr'sion casse
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di aneter of the cassette 800 and the thickness of the cassefte may
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di scar ded ep‘imsag()aaﬂdrtgé@auﬁyecor@(mnpI%ﬁwamttbrc@hsthenmlsad@e 8081 nl ess
steel and thernoplastic resins. Figure 9 is an expl oded di agrammti c
representation of the exenplary 30nold assenbly configuration 900 in
accordance wi th fiecqye#eE00 ue‘é%%iéd)?b@\@ohé?ﬁvtﬁé‘ﬁ;rﬁ?e?@%'té hsBRGIEMht
into the nold. The top portion 902 o nol d assenbl™y conprises any
sui t abllé c®MBi gis Hustatednttee furmer/gate insaticalenint 08 abmprisas ersmlis. I n

the exenpl ah%nngpé)% Etféur ru?m Bh Or{et[é 8?298\/20 offwf"ucﬁ are illustrated. Since

the cassette 800 is configured for four parts, four runner channels 212 are

required. The runner/gate insert element 908 may comprise any suitable
configuration and be constructed from any suitable material. In the exemplary

20 embodiment, the runner/gate insert element 908 is constructed from stainless
steel. The runner/gate insert element 908 is positionable on the mold assembly
base 914.

The mold assembly base 914 is illustrated with a sprue-runner
25 framework 916 positioned thereon. The mold assembly base 914 comprises
an opening 918 through which the nozzle 448 of the injection unit 400 is
positioned to make fluid contact with the sprue 910. The mold assembly base
914 may comprise any suitable configuration and be constructed from any
suitable material. In the exemplary embodiment, the mold base assembly 904
30 is constructed from stainless steel. Once all of the elements are aligned, the

mold assembly is clamped together and silicone may be injected to form parts.

29



nol d assenbly may conprise a round or square stainless steel core pin
retaining insert. The top portion 902 conprises two cassette

al i gnnent pins 904 (one of which is illustrated) which nmate with the

two pre-alignnment through- holes 804 in the cassette 800 illustrated

in Figure 8. If Aqlﬁmlgblrt eamdalgrﬁa@ﬁmtﬁy macyl@mihrc&eaany nurher ohswderials 800
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for four parts. The four cavity core pins 906 create cavities in the
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assenbly base, 914. Th ss |y . base 914 is il ust ted
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injection unit 400 1s positioned to nake fluid contact with the sprue
910. THé& nuhatesiah endl 3n basyebEbk awgy doarimg theedemylding oadegating process.

configuration and be constructed fromany suitable material. In the
exenpl ary embodi nent, the nold base assenbly 904 30is constructed

from stainl ess Sltr%eéass@ﬂéﬂs @'n'lnféfgrél%r?bﬁﬁéﬁhéldade%eﬂiblﬁ66ﬁf|gdrﬁﬁoﬂ”@hd
assenbly is clanped together and silicone may be injected to form
parts. the material handling process. With this configuration, the overall size and
complexity of the mold and molding process may be simplified. The cassette
20  provides for shorter runner lengths which in turn allow for better control over
pressure variations. In addition, the cassette allows parts to be transferred to
and through the process without a secondary cuiting operation. In other words,

everything maintains its orientation until the time of part separation.

25 As described abaove with respect to Figure 8, features 806 and 808 have
a different shape in this exemplary embodiment. The different shapes are so
that there is a consistent and predictable location for each part on each
cassette 800. For example, in the illustrated exemplary embodiment, the hole
802 designated as hole 1 will comprise the same part or component as the

30 hole 802 designated as hole 1 in any cassette 800. Accordingly, these
features 806 and 808 provide traceability of parts or components throughout

the entire process.
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Al t hough the nold assenbly may conprise any nunber of nmaterials, in a
preferred enbodi nent, the conponents are fabricated from stainl ess
steel, and nore preferably, a high grade stainless steel. 5Referring
now to Figure 10, there is illustrated a detailed diagramatic
represent ati on dfigaresi hih end drifeillusitate an geareplappcasagtien#Od comprisiag
part 924,

G ectton drtial 00 i eaarhit bl Bofe il oR s RIS ReSpRNS ™

922 and i ntifetchesatd 400 aMiH yartDof S6MpbAEnBArto0ds rédosBd iy themald P
924 is illustrated. Essentially, the 10diagramratic representation

depi cts t heassgpIinPORdeestPEAge drRiop BirthaKpspcassinth g ndheemplant o t he

the hoid ¢ e oeeitR ARt ndteufEY Sk Tesas MRV bR LY R SR et Lk
runner systzim, wHewever, in altéimate dkémplaed ehtbddiments! thad castiettel 800RNItN.

The gate 922 is centered axially on the tip of the part 924 to .

provi de a HRATSREECATPENINts\| 18P Ay besnayed (o8 newndatieon knagy srgeiRIavay
during the | e i n t ' ;

"t egral pdrooRie i 85 0T Afhe BREAREAsed i a00 TR adEe 1190l
handl i ng prrepesed i thé mdd assémbiy 800,am etbly cassetie! S izglaced

conplexity of the | d and nol di rocess e sinplified. The
casset 18 20BPIGI dEL e eRRIAREPMORAIRaETY deRsTRE TR 1% TOBPRE al | ow
for better i e 4 Fﬁé}ﬂj |

cassette alf%“%?@@'é'%fﬁﬁﬁ‘s? Ptéé%?ﬁo%% gn?’t rngLSqPﬁgbgﬁc\){g{aggd
wi t hout a deswtidaoythacassejtes@lati on. In ot her words, everything

maintains its orientation until the tinme of part separation. 25As
descri bed above with respect to Figure 8, features 806 and 808 have a

di fferent shape Biguie SilaseaRisanyd&aios bBRVN of BifexbrhpRE BAsSRPSS0 in
are so that there is a consistent and predictable |ocation for each

part onSeadhe crd @ssemphoV0F-aitackhedin the spruedd 0 andiginngr 8d 2dhemghagate

part or compendyt MaSueiD. S5 KNG §Bo M dPhTutelibleiefg e B b SA™
cassette 8Giserf\Q0RfHMEN/ calityanahé eaimporenBifd anfofdh ¢meaviches shown.
t r aceabi lItAK/BOf parts or congonents t hroughout the entire process.

Fi gures 11AVBAQ tha gpomponent 824 issoBritpl tarpasssite fP8 vetuthesiampaianis
Do ot o, 572 SRR TR T Ao SR N ahB B 8BRS T b

conpl ete, S or “‘conponen s renoved
fromthe noLidnasErbhne Sbtarbted fsdrarthgpastisd2el, further processing. In

t he exenpl ary
The precision cassette of the present invention may be positioned

anywhere in the molding process while maintaining the orientation of the
molded parts or components. [n addition, the precision cassette with the pats

25 secured therein may also be utilized in further processing and/or manufacturing
steps without changing the orientation of the molded parts or components. For
example, the precision cassette may be utilized to secure the molded parts or
components for coating and/or filling. In other words, the precision cassette
may be utilized to secure and align parts for drug and/or therapeutic agent

30 filling to create a drug delivery medical device such as a punctal plug. With this
precision cassette, there is no need to remove the molded parts or
components to a secondary device for post molding processing. The drug

filling may comprise any suitable process for adding a therapeutic agent to
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5enbodiment illustrated in Figure 7, the cassette 800 is stored in a
cassette rack 716. However, in alternate exenplary enbodi nents, the
cassette 800 with parts or conponents 1100 nay be noved to a new
station in any ongoi ng process such as drug filling. Once the
cassette 800Olgedigyina. sTha Ueragewtihagent maybetin @nyddn,.dseledisioydyoo,
an enpty casseft Q.is placed 10 therein. In the exenplary

T ARy

enbodi nment erein, the robotic manipulator 710, illustrated
in Figures 7A and 7B, perforns the renpoval and insertion of the
cassettes 800. Figure 12 illustrates, in detail, a portion of an

exenpl ary cassetthe BEOision ¢assaite Moy deddtdignd iupdepens NUEIes dreeessig

sprue 910 e ' I d vity
oD A o R e By i B8 ngt, BHALPISB8 el £
cavity in tihgedaumidliterangdst, The pesdision cabseté atay corspisany\beitatioe
conponent 924 is conplete, the cassette 800 with the_con?onents 924
are renmovedhapgANhRIOHR s wel asdnglude@nyHereber efrdditinnad feptoragaall 20

runners gl%eﬁ?@dgﬁgﬁ ﬂieelggélfc%‘ﬁbhhel'h%iﬂr%gisg%]g?etlslseﬁe ﬁ%ﬁ?grc%%ﬁh%d from

cassette of t ent1on na one where 1rn the

mol di ng pr cogssumbért ef suiableamaitartals,hencer agaih alebending drhthenapdiedtigar t s
or conpagnents. |.n additjon, the I:;)r 2Ci Sipn casﬁﬁtte, with the ,8ats
25securl@d tFseBialmdle 51280 Sharinrefileaand matenal fimips e REGGROR fapspite

Tanuf act ur ifigy Bborsh PN bPRdins UicPaeAL 8 inBbr et LERy fed

parts or conponents. For exanp preci sion cassetfe may
utilized t cosetraings bhparemheteds. plraddition,citincogbtesclibed withtresgecrid/aor

filling. In oth ds, th i Si t be utilized t
Cecur & and TEPUH ARICOIRGPCRL e PEEBTO RBr SIS Y CagaFogdr Pfanitpes
create a drgfgnétaing ;ﬁbkﬁeé‘%ﬁ%lu@ﬁg b@%&éﬁ&oﬁ%&d%ﬂ%ﬁﬁephHﬂdianH@i

this precision cassette, there is no need to renove the nolded parts
or conpbénemesting uadeevacitiny Adryvary stibablp ssatenalsdnay bpraeldediime The

herapeut | PTedahn CRREHET FRR SRS SilpaBer et hsnlisid ey s ahrpetatic
any form irAsletidisn@iagibe mbidédiif thepeedisibRcassette.

The precision cassette plate as shown and described herein is a unitary,
20  thin plate or disc; however, in alternate exemplary embodiments, the precision
cassette plate may comprise other designs such as a split design structure or a
split design with a hinge connection. In a split design, the precision cassette
plate may comprise two or more pieces designed to be separated for removal
of the molded parts or components. In a split design with hinges, the one or
25  more pieces may be connected together with hinges, but still perform the same
function. In yet another alternate exemplary embodiment, the perimeter of the
precision cassette plate may be tapered or chamfered in order to facilitate
insertion into or removal from the mold assembly. In yet another alternate
exemplary embodiment, the precision cassette plate may have a surface finish
30 and/or coating thereon to facilitate placement, handling and part or component

separation.
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The precision cassette nmay be utilized under any number processing
5conditions, including |arge tenperature ranges, |arge pressure
ranges and large hum dity ranges. The precision cassette nmay conprise
any suitable Shdfe and profile as well as include any nunber of

addi ti onal f eat ukltwughl shoyepend dascrared lﬁewfmipﬁi pebegvasnto Umtinq)m@@t si on

once agai n HERGHIPRD Foreriee BB RN AR Rplettaf HoSertbSiidh

shape, pr Ofddeelf@fubsiqﬁﬁmdihleftl%dﬁ agsdrib@dmm:smm ma@@@;ésethaﬁs@lees to
tailored for artlc ar applications and are thus inportant desjgn

const rai nt gh @$e pliliesin thesart pRd suRl be sised avitheut grradingrirase dnevspit and
respect gt o S0 by | %nﬂBhd'T'Hgoq‘}é%&%ﬁveﬁtlb% B'r %?}éétﬁ& 33 38 b rilBar
be utlllze RESt her ' ypes rocesses, inc 8lng

conpr essi orcomstrdetigns cﬂémmbaranmlldstmednmﬁm bergnetrdeted\tacohare
Al so any suitable materials may in theﬁgreC|S|on cassette

For exanpl évithsall rr@@ﬂf@atlpﬁéﬂmwaxfalbwma@ﬂhg sgaRe Rethe aprendadeslpians
may be nolded in the precision cassette. The precision cassette plate
as shown and described herein is a unitary, 20 thin plate or disc;
however, in alternate exenplary enbodi nents, the precision cassette
pl ate may conprise other designs such as a split design structure or
a split design with a hinge connection. In a split design, the

preci sion cassette plate may conprise two or nore pieces designed to
be separated for renoval of the nolded parts or conponents. In a
split design with hinges, the one or 25 nore pieces nmay be connected
together with hinges, but still performthe sanme function. In yet
anot her alternate exenplary enbodi nent, the perineter of the
precision cassette plate may be tapered or chanfered in order to
facilitate insertion into or renoval fromthe nold assenbly. In yet
anot her alternate exenplary enbodi nent, the precision cassette plate
may have a surface finish 30 and/or coating thereon to facilitate

pl acenent, handling and part or conponent separation.

Al t hough shown and described is what is believed to be the npst
practical and preferred enbodi nents, it is apparent that departures
from specific designs and net hods descri bed and shown wi Il suggest

t hensel ves to those skilled in the art and may be used wi t hout
departing fromthe spirit and 5scope of the invention. The present
invention is not restricted to the particular constructions descri bed
and illustrated, but should be constructed to cohere with al

nodi fications that may fall within the scope of the appended cl ai ns.
VWHAT |S CLAIMED | S:
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1. Anold assenbly for an injection nolding system the nold assenbly
conpri si ng: a top portion, the top portion including one or
nore cassette alignnment pins extending therefrom 5a precision

cassette pl te..plate including one or nore openings in
whi ch partsevgﬁé\ﬁ Epﬁg@ﬁgb d secured, one or nore pre-alignnment

t hr ough- hol es whi ch engage the one or nore cassette alignnment pins,
and two anti-rotational features; a runner/gate insert elenent, the
runner/ gat e i nsett Agnelteagsanidly fien anyirgectionspoldéng biystew, trenohotthassembly

nor e runneréoé_ﬁ‘gﬂ iﬁ&t es, the nunber of runners and gates equals the
nunber of op Sgs in the precision cassette plate; and a base

portion, includi mq:paﬁpmpﬂmhwtobgjdnmiﬁ@mcnﬁg BnBQF FhEreXdasdBttb Bi§Ginepd
nmol di ng systemis positioned and nakes contact with the sprue Channel
of the runridif$ gxtendingtherefrement . 15 2. The nold assenbly for

an injection nol di.ng. cor.di t.o_C ai .wWher.ein the to
porti on%f urt her %g%ﬁé’@égg%egfeoﬁlag%?ge Egﬁ’%t% @8&%'%@”%9?8&&"&%’%

t her ef r om faperfimgsinnghich \patrtiseseibbhdated AAdRRIcUFsd, iR SHUTBRY prLalfiithém
core pins etﬂual s the nunber of openings in the precision cassette

plate. 20 through-holesydicheaoags HiePRe Pomose crapelte Rignmentping aydtvem

accordi ng t.guC g .n the precision cassette plate is a

substanti al%;%cﬁé@urﬂaérfg%ﬁge?éd disc. 254. The nold assenbly for an

i nj ection nol di rmreysrigatatceridlianeht thé ainndr/gab aaigt slamept arilsdiog a
rises at |east two sections. 5. The nold

cassette plate Cﬁ
assenblly) f GIPTER CPANRELANSHOMD PHITRS YRR ARSCHaR rie sirben Ghrgnners and
wher ei n_t heyt¥0 caiihls the i tpalf of iBh 88L& e
pl ate 30ha\€/Qe %I?F?er ent comﬁur gtpiggfr@%‘%ﬁ e ngH%&%ﬁgéﬁog{]a&ge;se |y
for an injectiora hatelpagiosy stchudirg anrogiening ihrdigh which aherdeftahe t wo
anti-rotati.onal. f eatléj.r es o{ t he gr.eci sj on,cassette plate have
di fferent digglion molding system is positioned and makes contact with the sprue
channel of the runner/gate inset element.
15
2. The mold assembly for an injection molding system according to
Claim 1, wherein the top portion further comprises one or more cavity core pins
extending therefrom for forming cavities within the parts, the number of cavity
core pins equals the number of openings in the precision cassette plate.
20
3. The mold assembly for an injection molding system according to
Claim 1, wherein the precision cassette plate is a substantially circular shaped

disc.

25 4. The mold assembly for an injection molding system according to

Claim 1, wheein the precision cassette plate comprises at least two sections.
5. The mold assembly for an injection molding system according to

Claim 3, wherein the two anti-rotational features of the precision cassette plate

30 have different configurations.
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57. The nold assenbly for an injection nolding systemaccording to
Claim6, wherein the two anti-rotational features of the precision
cassette plate are positioned along the perineter of the precision

cassette plate ne h ndr ed hty degr.ees art from one no her .
5 " The. ol o acsambr e tarel it RELIR b BasislaBRaprins o
daim7, Wﬂ@raﬁhﬂs W%réfnetﬁb&vv@rhrﬁﬁt%fﬁaﬁtdn%l R AR sTTTRE 'p'?%s@h%’a@b@ﬁé plate
steel. ...1he nmold assenbly for an injection nolding system
accordi ng tfb’ﬂ\@@ffﬁfeﬂt Sid®srei n the precision cassette plate conpri ses
a nmetallic material. 10. The nold assenbly for an injection
nol di ng system according to Claim7, wherein the precision cassette

plate canprises & Wakaholdldsegmbly for an @bct@hﬁ?mﬁmir@ Sssafickofdifg &0
i njection nmol ding system according to aim7, wherein the precision

cassette plGgin&omiiareiadhg t‘ﬁ@l%rﬁ'erﬁi&,‘thl?@! faatures of the precision gageettr alate

for nmoldin

material | S PoskioraEHa Y peRio- e progsin AShER el afig ope
havi ng a prmmm@mgmwegt@sm;mrefmmdsn@aaom@r.nore openi ngs for the
fabrication, alignment and securenent of the nolded parts;

removi ng the precision cassette plate fromthe nold assenbly and
separating the I ]

nol ded parts re{ge)u ﬁgg n’?‘ﬂg%fs% I 5' gd?garnslﬁget%géﬁlﬁﬁgg{ﬂg?ﬁ}gﬁﬁi‘@fo@#&@?

t ransf erri rMglairh &, piheceisitbe pradsientoaspéid plave cbniphisepatdinlesbatasin f or
downst ream processi ng while maintaining the sane predeterm ned

orientation. 13. A nethod for filling cavities in small nol ded
parts, the nmethagl ¢REPAGIEIARSembly for anl iffdcRIN AL teih lRbotd|
sprue/ runner/gate arrangemamt:em 4 Orr%]:l feg:sserrb[f] mﬁaé\y‘a’ng a p(r)ed(;r?% on

cassette plGammi, wheoeia tbe precisioopassealts pfade comprisabra matadllenmaterial.
al i gnnent and securenent of the nolded parts, the precision cassette
plate including feature for formng a cavity in the nolded parts;

removing the preg sTRS kA8 e_EEMR} Ry &nfihREtIEM thd1Bing @%&@%b&o@% to
separating the nolded parts fromthe sprue/runner/gate with t

nmol ded par tEaine7amheteintibe recisiancagselte plataicamprises enmetdl @H¢yf| I1ing
the cavity in each nolded part with a predeterm ne material; and

11. The mold assembly for an injection molding system according to

Claim 7, wherein the precision cassette plate comprises a polymeric material.

12. A method for molding parts, the method comprising:

introducing a material into a sprue/runner/gate arrangement in a mold
assembly having a precision cassette plate with one or more openings for the
fabrication, alignment and securement of the molded parts;

removing the precision cassette plate from the mold assembly and
separating the molded parts from the sprue/runner/gate with the molded parts
retained therein in a predetermined orientation; and

transferring the precision cassette plate with the parts therein for

downstream processing while maintaining the same predetermined orientation.

13. A method for filling cavities in small molded parts, the method

comprising:
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transferring the precision cassette plate with the nol ded parts and
filled cavities therein for downstream processi ng whil e maintaining
the sane predeterm ned orientation.

introducing a material into a sprue/runner/gate arrangement in a mold
assembly having a precision cassette plate with one or more openings for the
fabrication, alignment and securement of the molded parts, the precision
cassette plate including feature for forming a cavity in the molded parts;

removing the precision cassette plate from the mold assembly and
separating the molded parts from the sprue/runner/gate with the molded parts
retained therein in a predetermined orientation;

filling the cavity in each molded part with a predetermine material; and

transferring the precision cassette plate with the molded parts and filled
cavities therein for downstream processing while maintaining the same

predetermined orientation.
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