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electronic component encapsulation methods. These methods also require a relatively high
30 mold temperature that can lead to thermal stresses in the encapsulating package.
For the foregoing reasons, there is a need, therefore for an encapsulating system
that provides a short mold cycle time with no required oven curing, provides mixing of
reactive materials just prior to injecting the materials into a mold, provides chemical

material handling capability that requires no special storage, handling, or mixing by trained
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15 positioned in the m xing body wall at the polynerizing slurry m xing
annulus for injecting a polynerizing quencher into the polynerizing slurry
m xi ng annul us, and an output port positioned in the bottomof the m xing
body opposite the coupllng bel ow the polynerizing slurry mxing, annulus for
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20 polynerizing slurry in the polynerizing mxing neans, and delivering the
quenched polynerizing slurry to a waste tank. The process may further
conprise the step of controlling a tenpegature of the rapidly polynerizing
slurry in the polymerizing m xing neans. The process may further conprise
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nold after three contiguous retract tunnel conmands, and determning if the
el apsed tine since the last pour is less than the predeterm ned pour tine
limt T 1 and setting the purge/quench aarmand initiating the
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conput er shumy tathe pelyimtirizing mixingmegnsegmprisehihe mis fread theemeansrfor foeming a

enbodi pent e_an enc | at ed .devi.ce risi a device positioned
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and the quenched polynerizing slurry delivering step by a conputer program
residing in a programmabl e controller. An encapsul ated device, conprising a
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material, the encapsul ating material prepared by a process descri bed above,
wherein the conputer programresiding in the programmabl e controller may
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FI G 3,shows the elenments of a chem cal delivery subsystem FIG4 shows the
el enments of an alternative enbodi nent of a chem cal delivery 20 subsystem
FIG5 shows the elenments of a mx head agsenbly. FIG 6 shows the overal
control sequence of the m xing and di spensing system operation. FIG7 shows
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quencher Hng antuls fop injedtini 2l pémiXed Eluyryo Pmordnerand sidicd Pastointd the mixinghead
100, creating a quenched polynerizing slurry that is delivered to the inlet
of the three-way valve 510 via the m x head outlet 840. In response to

val ve control signals 730 fromthe progranmabl e controller 6a0, the

t hree-way val ve 510 causes the quenched polynerizing slurry to be sent to a
waste tank 960 via a waste tank inlet 860. 10 Turning nowto FIG 2, a
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15 380, and a polynerizing initiator delivery subsystem 390. In response to
silica paste control signals 780 froma progranmabl e controller 600, the
silica paste delivery subsystem 370 deligers a precise quantity of silica
paste 890 to a nononer slurry mxing annulus 180 of a m x head 100. In

response to .noponer contro ignal s, 760, fromth rogranmabl e contrpl | er
500, the sEHBhAReguFDaY itk s adhiart vl byt anoBPY SofpeRied oy of
nononer 8 ; ; I Shriée f (I 100.
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annul us 190 of the m x head 100, creating a rapidly 30 polynerizing
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2 var vaSc st e oSS basid jnifosey Palec ML RS ivBline b sTIRRANE

t hr ee- way add@theandidine 3LisBsmixieg memsy hivd Mehdyfor taritillinged Rhipatadurtlofhe he m x
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or together, oyer a tenperature range of between 0C and 60C. Control of the
t enper at ummeany for gentrolling a famperaty mopemgr3;ithemaansyfopdelivesingghea t o
tenperatupe cprirol ling jacket attached to the mx head 100 for exchanging
heat with tﬁe m x head 100. Alternately, the tenperature of the nononer
870, the pol ymbr amithy ecubedinhent, Bdiking ed dispénsimgpastm BOMApidy dolymerizing

olynerizing jnitiator 880 be,control |l ed by sui.table heaj .exchangers
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paste 15 delivery subsystem 370, the nononer delivery subsystem 380, the
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system the delivery of the polynerizing initiator 880 is stopped by the
pol yner i zfi¢liyering subsystemcpadippesitipned insthe mixing body wal cxpaliimeriziog paitigter feedi ng
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600, the polynerjzing quencher delivery subsystem 360 delivers a precise
quant ity ewengberdeliveringyboste apd pesitiged ip themixinghadysvalk iapgessuigrsensoni xi ng
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accordance 'w nventive’conce . nts of
a chem caeimietomectyd subapstt emk30 mehhefor pesttiohing @imdll i retdtivmi to e M | very
subsystem may be used in all delivery subsystens, including the nononer
slurry delivery subsystem the silica paste delivery subsystem the nononer
delivery subsystem the polynerizing quencher delivery 18 subsystem and
the polynerizing initiator delivery subsystem The elenents of the delivery
subsystem 30 conprise a coll apsible tubing 330 containing a specified
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Turning nowto FIG4, FIG4 shows the elenents of an alternative enbodi nent
of a chem cal delivery subsystem 35. This enbodi nent can provide a | arger
vol une of 20 chemical material to an enggpsul ati ng process, which may be
requi red, for exanple, where either |onger production runs are desired or

| arger volunes of chem cal material are required for |arge | d volunes. A
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mechani cal ¢7oalded p wﬁﬁ?g@fﬁ%sans, or by pressurized nitrogen or argon gas.
Turni ng now t o [ tfepreseRlinQBiiRs, HRiTkin@fand ARpENIIEIRELs st ripiaypdlPmessifg dance
with the present inventive concepts. FIG5 shows the el enent's of a m X head
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silica paste and nononer feed materials can be prevented by filli ngl t he
head spacénitigiaraythe pelymerizitgimixing means, arg delivering therapidly poiygnénizing slurry
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and subsequent sections is at right” angles to the vel oci Ients that
ar e f or methebys. The prasesst mayyfuriher compniserthi¢ stepszeX, contrblling g teroperats of hef i ci ent
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this lower secCtion is decreased in order to increase the local slurry
vel oci ty obdelivaringthe pelyheriging mitiatontoithgypalraedriagimining means.dtheqeaceasnt o t he
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to a nmeans Tor delivering the polynerizing initiator 880. Polynerizing
quencher tesperatuisdf thedmpnaraertdusing the/step pf-daliyerng theynonomen ¢o thermongsneroQ

t hrough, a_pol yneri zin encher fee [t 0 i | yreri zi ng
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m Xi ng sppriahte délfCering the silixa paskd, agd esrtrdllitse Dtenipetatyrerof thbdBodamerqirinpltyi ng
the rapidly polynmerizing materials to the mx head outlet 840 connected to
a three-way val ve 20 510. The three-way val ve 510 provides the m xed
slurry to either the injector tunnel inlet 850 or the waste tank inlet 860,
under control of a programmable controller. A pressure sensor 150 is
installed in the wall of the m xing body 160 to signal the programrmabl e
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15 sequence is again started 601. Turning nowto FIG7, FIG7 shows the
control sequence for checking for systemfaults 60 (610 in FIG6). After
starting the check for systemfaults 6131 the delivering subsystens are
checked to determne if they are ready and capabl e of delivering another

shot 612. . they_ are not, urge/ quench alarm.is,set and a rge/ guench
yol e i s idalvsraene mongmsh. Thespokar ok Nirkst cppUi e sepap set-ne B 1 ne
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si nce t he polyamerizing initiatertdstinering sepd cheatapidhepolymerizing slusyforming steppthes et

Pur ge! quonta ey sty gbirv s, B 3ah ARl Bbteridelerlalty, b o7
whi ch t he guysdhedpbBmidripaturey? frmidg $té)s; agll RS f@ndHedDosnidziigislurast pour is

| ess than the pour tine limt T 1 616, it is determned if a 30 polyner is
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611. |f theogrpaimablelcodfi6Berindy conrise decohlpated propiah icampeisingahdstéisiof a
purge/ quench alarmis set and a purge/quench cycle is initiated 620, after
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del i vering subs&st.em.s are started and the pour tine limt T 1 tinmer is
reset 637alapmand initiatingthe purge/quenchetyslenif ar opgratopdogsinet peeraidpithessure is | ess
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preset volune |imts 638, the check of the m x head pressure 639 is
r epeat ed. cqrrectlyt g stemef exegutingthe pputygleanayconanrisedhe stepef seRdingeaset
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stopped 651. If either the delivered chem cal ratios are correct 643, or
the ratios alarmis stopped within the ratios tine limt T2 641, a check is
made to determine if the delivered chem cal volunes are within preset
ranges 645. |f the delivered chem cal volunmes are not within preset ranges
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reposition command is sent to the nold 662. A check is nmade to determne if
the nold is repositioned 665. If the nold is not repositioned, the
reposition nmold command 662 is repeatedjpor up to three tines 664. If the
nold is not repositioned 665 after three contiguous reposition comands

664, a nold positioning alarm,s set 663(§pd t he el apsed, 20 tlng si.nce the
| ast pour €lapsedimg since 3 lastpyris lses than apredetqrainednoyn time dingit £ and settipg Ae
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reducing failures fromcauses such as wre sweep, 2o and | ower nol ding
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slurry by conbining the nmonomer slurry and the polynerizing initiator in
the polynerizing m xing neans; and (e) neans for delivering the rapidly
polymerizing slurry to a nold. 15 2. A m xing and di spensing system for
rapidly polynerizing materials, according to claim1, wherein the nmeans for
delivering a nononer slurry conprises:




(a) means for mxing a nononer slurry having a seal ed annular m xing cavity
between a cylindrically-shaped rotating i nner m xing spindle and a
cylindrically-shaped inner wall of a m xj:ng body; 20 (b) nmeans for
delivering a silica paste to the nmononmer slurry m xing neans; (c) neans for

delivering a mononer to the noper slurry mxin ans; (d) neans for
forning t h@oldsAardoss mtregﬁ%gg%ﬁgpﬁpww 8iehiBAEd ARG ComBtands, A paste in
t he nonone A1) X : | i : e r
Slurry to s T UBh TR ak Pou RIS il SRULVER B pONP AN
syst em f orTt apd sittingrapyngeiquenahcplarat and ialtkting e porgtiqugnelocyeleifian perhtort her

conprising; (a), neans.for delivering,a Rol rizin uencher to.the

pol yneri zi ‘?‘fbe(sﬁ%’&‘f%becﬁg’ﬁﬁé‘??@ﬁt t‘%{‘“ﬁ’gﬁ%ﬁ‘F&}é@WW}F@ pg’“ﬁﬁ@r‘?iﬁ%‘&ﬁbol ymeri zi ng
slurry by conbi Hﬂtﬁgpﬁdﬂanﬁﬁk‘ehﬁﬁﬁ,' @hﬂﬁeﬁéﬁﬁ&fdﬁﬂént@@%&ﬁ&gﬁﬁﬁbﬂ' byvieg! yneri zi ng
slurry in the polynerizing m xing nmeans; and AMENDED SHEEP . ~rn~
99~0~03~ | eompr)sing PdeviaOsitivned withinamold and aelosedwithin anhencepsstatingd

pol ynerizing slurry to a waste tank. 4. A m xing and di.spensing system for
Papi dl y posisarh Diescansplaling mateont pispated PYAPIoTElr ROTPSEE MRHP Shpr i si ng a
pr ogr anmebyeivehg & MdnBmef Sbrr§y ek &)@%&ﬂdﬂﬂﬂg‘ﬁix’iﬂ&%ﬁ{s, dé1ivetig Q%ly&‘x’f‘é’rﬂzﬂfg
means, the polynerizing initiator delivering means, the rapidly 5

pol yrer i ziingiatdrde ithe fodymenigjingrovxiog nzgaus, tforming pireiglypolymesizing sigrrg byr ry

deliver| ans. 5. A mxing and, di spensing system.fqr rapidl ..

pol yror 1 oeiaRg s pondm s Al (e BBRARRhe N iaeup e frinSratng mixing
progr anmmabhearsOaid ddlivering e rasialy Wlythézifdusy ko & tod@ A furflRk bviBodifigntreans,
t he nononer delivering nmeans, the nmononer slurry form ng neans, 10 the

pol ymer i zimgy beiendapsulated devices cpmgrising aslevich gositipned withiolayneldiand euclesedr r y

f ' : i dl I | zi I l,i ' th
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form ng medwReribediBold)avtiersin eeaderPof deliverig MhoRbMEF Slule cbmprisdddhdRaptsof 15
10. A m xing and di spensing systemfor rapidly polynerizing materials,

accor di Hy dedivering the Silioapaste {2 mesomeBSIYTY Gtixing|meass. defjvering thapamogper to
s e e L
3, wher ei Mmofwmerandshd silicaigdsteviathapohdraercsharng ixing ededns; ahd delivesingthiey t o
monomer slurry to the polymerizing mixing means. In another embodiment, an
encapsulated device, comprising a device positioned within a mold and enclosed within an
20 encapsulating material, the encapsulating material prepared by a process described above,
may further comprise the steps of delivering a polymerizing quencher to the polymerizing
mixing means, forming a quenched polymerizing slurry by combining the polymerizing
quencher and the rapidly polymerizing slurry in the polymerizing mixing means, and
delivering the quenched polymerizing slurry to a waste tank. Another embodiment may be
25 an encapsulated device, comprising a device positioned within a mold and enclosed within
an encapsulating material, the encapsulating material prepared by a process described
above, further comprising the step of controlling the monomer slurry delivering step, the
polymerizing initiator delivering step, the rapidly polymerizing slurry forming step, and
the rapidly polymerizing slurry delivering step by a computer program residing in a
30 programmable controller. Another embodiment may be an encapsulated device,
comprising a device positioned within a mold and enclosed within an encapsulating
material, the encapsulating material prepared by a process described above, further
comprising the steps of controlling the silica paste delivering step, the monomer delivering

step, the monomer slurry forming step, the polymerizing initiator delivering step, the



t he waste tank conprises a valve 18. A m xing and di spensing system for
rapi dly polynerizing materials, according to claim3, wherein the neans for
delivering the quenched polymerizing sladry to 25 the waste tank or the
rapidly polynerizing slurry to a nold conprises a three-way valve. 19. A

m xi ng and di spensi ng.system.for, rapi ol.ymerizin terigls,. according
to claim I?p‘Wé’tongﬁerM forpyipsg ?%P’%%E%QI%BB{YH}GFZBH% fiéfvﬁang FGPry in
the poly o . : _ 9. 4

i Spons! et kP actrtl UelR el U REHRE LERIhe gt AR meaiag sy g e
wher ei n t laed theapenéled pobymérimng slerrydalivesing steprbyya ¢ampiter programenesidingfin'a~J ED
SHEET gCTNS ~~e~{5§0~7 éT~ /3-&1 APR 2@{ ~T. 26 m xin .mea(?s.and the geatﬂs for
del i ver i n§™ 8T mBRE Rertrelier, A9 epgansyiated sleyive, OMmTGINE &G ROSHORRI NP o
m x heag. ngld afid Bholbsed within st &mg@1M§M§&ﬁw {tRlentaiRulting BidketH® picphred
materials, 5 according to claim 3, wherein the neans for formng a quenched
pol yner i zb@ psoeass gescribedaboyel wheseinthegomputernyograsmeesidingoinitheprogrammatiead.

ecor di ng oParaa Y ORI heeb T eh el Sntend Ptirebiele ABME chfler
sl urry i nrégogitivRiHaTRE mdld lefedting a atolded i, anbrepedting thepfbvidubstephle neans for

delivering the nononer slurry to the polynerizing m xing nmeans conpri ses
the m x head; (c) the neans for formng a rapidly polynerizing slurry in

t he poI%_rr%rrie?b@gc- t§n 'ﬂr]gra(g? s conprises the mx head; and (d) the neans

for form ing slurry in the polymerizing m xing neans
conpri ses the MhesdwmdchthetFeatdres] asperts, and advanngosofdie pycstmtiiniention aydlidl y
pol ymeri zing materials, 20 according to claim?22, wherein the m x head

conpri ses beqome bgiteg padarstped with segandita thg fellayying description, appended lpims, agd i nput
end of a Walels LXLAQ Spindle connected to an output end of the
coupling gn pdégg?ﬁc(‘)’gae“é‘%%{"% a sealed mxing cavity within a m xi ng body
by a spindl e bFaGiInghowshsystemi digeramayf azbreb akémigakbfeed ixidp iand dispérired | nner
wal | ; (c) an upper annul ar spacing in the m xing cavity between an upper
secti odSofYSHB- i xi ng spindl e and an upper section of the nixing body,

mxi g cavi Ty Berisi s b RS bt A B RTHED | Cer
section obystém. m xi ng body, formng a polymerizing slurry m xi ng annul us;
FIG-3,shows the elements of a chemical delivery subsystem.
FIG-4 shows the elements of an alternative embodiment of a chemical delivery
20 subsystem.
FIG-5 shows the elements of a mix head assembly.
FIG-6 shows the overall control sequence of the mixing and dispensing system
operation.
FIG-7 shows the control sequence for checking for system faults.
25 FIG-8A and FIG-8B show the control sequence for executing the pour cycle.
FIG-9 shows the control sequence for repositioning the mold.

FIG-10 shows the control sequence for ejecting the molded part from the mold.

Detailed Description
30 Turning now to FIG-1, a preferred embodiment of the system 10, is shown in

accordance with the present inventive concepts. FIG-1 shows a system diagram of a three
chemical feed mixing and dispensing system 10. The mixing and dispensing system 10
comprises three chemical delivery subsystems including a monomer slurry delivery

subsystem 350, a polymerizing quencher delivery subsystem 360, and a polymerizing



,J . ~~~; ~~~ ~9~0~03~ ~~~ ~ i APR ~0~0 27 (e) a nononer feed port
connected to the nononer delivering neans and positioned in the m xi ng body
wal | at the nonomer slurry mxing annul U$ for injecting a nmonomer into the
nmononmer slurry mxing annulus; (f) a silica paste feed port connected to

the silica past eliveri ns and 5 positioned in the.m xin dy wal |
t the. modBhERr defivery sy Bt GePonse B ReboRR geky sontol Rl FAORRRAT e
monomer  slgls srmifabld @neroNer 60, tHeGhoronite|sSUiFB) detives; subbysted 950 Bapdrprt
connected'to the polynerizing initiator delivering nmeans and positioned in
t he mi xi ngrésishyquaatity efimarnomesslupryedlioAp agnenamer glusmymixgngamustussl 80@f a mix
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pol ymer iszighshdiye MR fig Maliuy @80 Ra pEIgHRridihg sReH} mbaneshriulust 190, H sebptisORAY
wal | at the polynerizing slurry mxing annulus for 1njecting a polynerizing
quencher ipelysmerzangisitiaterrdontralsignals 770 fpmithe programmasble amirc(lﬁfy 6&& theit put

port positioned.in the bott.om of,th hod RQ. hod osite th 5 coupling
bel ow ¢ he PBRy T e e Eh o ferTrdd AR prBREE fiakfied SastiimedtiBe g
slurry frgRiiaide 880 X the poBhdrizingdurrPniik i ABmARE 1 90 6108 &iiR Besd/ BI0S Thé OF

rapi dly polynerizing naterials, according to claim23, wherein the m x head

]1: urt ger c onranes sharyp39skithia t@ﬁ%‘_ﬂ"iaﬂd@pt@é thecpolymerizing, élitiat?zt 889 weayixedh |
DL o b Uy el s D0 U8 AT Yo SRE Tl

slurry. ng sys or meri zrng

mat eri al s pohesaizingGratetialthal isdeldversd o the i€ hedadxl (0eta @nfinlet ST theepay ses a
i ght port positioned in the 25 m xing body wall_ below the g&ltyneri zin
slurry m ¥ehg ARy amixksad gydetd40aUndennormalenerasion; nyesmonse et ¥alys eant@l t he

pol ymeri z is%aﬁw frgmctﬂé"ﬁl%ﬁ}mgﬁlé &antroller 600, the three-way valve 510 causes the

rapidly polymerizing materials from the mix head outlet 840 to be sent to an injector tunnel

15 920 via an injector tunnel inlet 850. The injector tunnel 920 delivers the rapidly
polymerizing material to a mold 940. The positions of the injector tunnel 920 and the mold
940 are determined by mold and injector control signals 740 from the programmable
controller 600. The programmable controller 600 also controls the speed of an electric
motor in the mix head 100 as well as reads and controls a pressure sensor and a light port

20 in the mix head 100 by way of mix head control signals 750.

The polymerization rate may be controlled by suitably heating and cooling the
chemical materials. This may be achieved by controlling the temperature of the reactant
streams, either separately or together, over a temperature range of between 0°C and 60°C.
Control of the temperature of the reactant streams may be achieved by providing a

25 temperature controlling jacket attached to the mix head 100 for exchanging heat with the
mix head 100. Alternately, the temperature of the monomer slurry 810, the polymerizing
quencher 820, and the polymerizing initiator 880 may be controlled by suitable heat
exchangers placed between the delivery subsystems 350, 360, 390, and the mix head 100.
Alternately, the temperature of the chemical materials in the monomer slurry delivery

30 subsystem 350, the polymerizing quencher delivery subsystem 360, and the polymerizing
initiator delivery subsystem 390 may be suitably temperature controlled by, for example,
enclosing the delivery subsystems in a temperature controlled environment.

To stop the normal operation of the mixing and dispensing system, the delivery of

the polymerizing initiator 880 is stopped by the polymerizing initiator delivery subsystem



26. A m xing and di spensing systemfor rapidly polynerizing materials
according to claim23, wherein: 30 (a) the mx head further conprises a

| ight port positioned in the m xi ng bodygswal | bel ow the polynerizing slurry
m xi ng annul us for use of a radiation source in initiating polynerization
of a photo-curabl e nononer slurry; .. ~ L~ 28 (b) t

pol yner i zP Yy ie$RANSS @rpqqggmggg tﬁﬁlgtoa@?éfpéﬁgﬁ?lsm fem thg PW%B‘G‘?bel\ﬁ/al | ; and

(c) the POSniBRet 600! n bRlek tdxel %Ipbmémgﬁﬁa@ﬁaﬂ forithdinhehéd 1087in A M Xi ng

and di spensi ng system rdly"p merizing materials, 5 according to
cl ai m 23, respanseitmpolymerizingtquenchencantrol sigaalki7g fronuthe podgrarmmable cohtrolleri ¢
not or. 28, m xi.ng and di spensi systemfo L dl ol ynmerizin

mat eri al 560 &%P‘HV‘%&“?‘Bg gpaﬁﬁfﬁ?%ﬁénbpwt%@@§§bwer%@§ﬁeg?§gqgag§%§f magnet i c
coupl i ng. pdi9méfzind qitAdHRHSZ0YS tHe PEISTARKRIg SKEHEMIAIAS arfriisO0 dTPhe/mBY headnd
materials, according to claim23, wherein the mxing spindle bearing is
seal ed. 3000, sreating aguenched pelymesizing stursy that isaleliverpd t0l the pdetyafahe thrgegway
material s, ,ac di to ¢l aim,2 rther c risin nmean r heating
The oty mepifE 5l Vet 5 Keodilubcisac, B 19gbnst P Ve bl BRRG 720 Bopp 25,7
M Xi Ng  angrogtaiAae Bentfolkt 600, tRE thr@ddwa YalRe s YOBaséd 1he qiBiched abSmedghifp’ di ng
to claim23, wherei.n the nononer feed port and the silica paste feed port
are repl asluty ibybesant tys waste tanke60siiaa wastedank iplet 86@onnect ed to the nononer

slurry delivering.20 ne d positioned in the..nxin dy.,wal |. above the

pol yrrerlgzi ng s#ﬁ&ﬂg W&?O@CEZT\%B it erfegren?etfﬁdgg?x}tr? ﬂ}f Sgptgﬁ\ @ébﬁy %?Wr‘? of

nmononmer agsofdahéEwitRAsd Sresent veRvedontellts. FIGL2 showd2 sybtefi dibgr@medTth four

di spensi ng system for rapidly polynerizing materials, according to claim

23, f ur t hehempahfeadsnigngand fispensing systemOhRhe mixing anddispensiigyeteBic?® o 25

;23 guggg%on Yides ?Jurtcﬂgmmaf(ﬂagie%ﬂbg%’tergs ifn'cfuﬁingoaugiﬁégpﬁ%%ﬁ%x%%uf)&sieﬂ? mol d,
370, a polymerizing quencher delivery subsystem 360, a monomer delivery subsystem

15 380, and a polymerizing initiator delivery subsystem 390. In response to silica paste
control signals 780 from a programmable controller 600, the silica paste delivery
subsystem 370 délivers a precise quantity of silica paste 890 to a monomer slurry mixing
annulus 180 of a mix head 100. In response to monomer control signals 760 from the
programmable controller 600, the monomer delivery subsystem 380 delivers a precise

20 quantity of monomer 870 to the monomer slurry mixing annulus 180 of the mix head 100.
The silica paste 890 and the monomer 870 are mixed within the monomer slurry mixing
annulus 180 of the mix head 100, creating a monomer slurry 830 within the mix head 100.
Within the mix head 100, the monomer slurry 830 is transported from the monomer mixing
annulus 180 to a polymerizing slurry mixing annulus 190. In response to polymerizing

25 initiator control signals 770 from the programmable controller 600, the polymerizing
initiator delivery subsystem 390 delivers a precise quantity of polymerizing initiator 880 to
the polymerizing slurry mixing annulus 190 of the mix head 100. The monomer slurry 830
within the mix head 100 and the polymerizing initiator 880 are mixed within the
polymerizing slurry mixing annulus 190 of the mix head 100, creating a rapidly

30 polymerizing material that is delivered from the mix head 100 to an inlet of a three-way
valve 510 by a mix head outlet 840. Under normal operation, in response to a valve control
signal 730 from the programmable controller 600, the three-way valve 510 causes the
rapidly polymerizing materials from the mix head outlet 840 to be sent to an injector tunnel

920 via an injector tunnel inlet 850. The injector tunnel 920 delivers the rapidly



out put connected to the waste tank. 33. A m xing and di spensing system for
rapidly polynerizing materials, according to claim1l, further conprising
means for controlling a tenperature of tiye rapidly 30 polynerizing slurry
in the polynerizing mxing neans. AVEN~-E~ SHEET ~~~~.~~ 99/ ~50 3 7
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quencher 820, the silica paste 890, and the polymeYizing initiator 880 may be controlled by

p—
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suitable heat exchangers placed between the delivery subsystems 360, 370, 380, 390, and
the mix head 100. Alternately, the temperature of the chemical materials in the silica paste

15 delivery subsystem 370, the monomer delivery subsystem 380, the polymerizing quencher
delivery subsystem 360, and the polymerizing initiator delivery subsystem 390 may be
suitably temperatﬁre controlled by, for example, enclosing the delivery subsystems in a
temperature controlled environment.

To stop the normal operation of the mixing and dispensing system, the delivery of

20 the polymerizing initiator 880 is stopped by the polymerizing initiator delivery subsystem
390 in response to polymerizing initiator control signals 770 from the programmable
controller 600. To expel the polymerizing material from the mix head 100, in response to
polymerizing quencher control signals 720 from the programmable controller 600, the
polymerizing quencher delivery subsystem 360 delivers a precise quantity of polymerizing

25 quencher 820 to the polymerizing slurry mixing annulus 190 of the mix head 100, creating
a quenched polymerizing slurry that is delivered to the inlet of the three-way valve 510 via
the mix head outlet 840. In response to valve control signals 730 from the programmable
controller 600, the three-way valve 510 causes the quenched polymerizing slurry to be sent
to a waste tank 960 via a waste tank inlet 860.

30 Turning now to FIG-3, an alternate embodiment of the system is shown in
accordance with the present inventive concepts. FIG-3 shows the elements of a chemical
delivery subsystem 30. The elements of this chemical delivery subsystem may be used in
all delivery subsystems, including the monomer slurry delivery subsystem, the silica paste

delivery subsystem, the monomer delivery subsystem, the polymerizing quencher delivery



25 according to claim?2, further conprising: (a) means for controlling a
tenperature of the silica paste a the neans for delivering the silica
paste; and (b) means for controlling a tgnperature of the nononer at the
means for delivering the nmonomer. 30 38. A mxing and di spensing system for
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- Turning now to FIG-4, FIG-4 shows the elements of an alternative embodiment of

a chemical delivery subsystem 35. This embodiment can provide a larger volume of

20 chemical material to an encapsulating process, which may be required, for example, where
either longer production runs are desired or larger volumes of chemical material are
required for larger mold volumes. A chemical material 802 is contained within a
pressurized feed container 338 and is fed to a stepper motor driven metering or peristaltic
pump 322 via chemical material conduit 804. The metering or peristaltic pump 322

25 performs a metering function by controlling the amount of chemical material 802 that is
provided to a mix head via chemical handling conduit 806. The chemical material 802 may
be contained within a flexible container 336, such as a bladder, to provide a suitable barrier
to the external environment. Pressure is maintained on the chemical material by providing
a force F on a diaphragm element 332 positioned within the pressurized container 338. The

30 force F on the diaphragm 332 may be provided by mechanical means, pneumatic means, or
by pressurized nitrogen or argon gas.

Turning now to FIG-5, an embodiment of the system 40 is shown in accordance

with the present inventive concepts. FIG-5 shows the elements of a mix head assembly

100. The mix head 100 comprises a high, variable speed electric motor 110 that is coupled
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form ng aaspidacisddfop ﬁhmﬁg lsilka pgsts and mxonb:yxcc&adb mateiglst Bitica phytety infrodged

guencher and the rapidly polynerizin in the polynerizing mxin
means; ai 89 &° MRMNRNSIHE MHNg REE gwy&b pisilicagaste fgedyportol 49 cpmaected ank .

42. A m XingnRnek £t 8@?&%&?@#’&9 te 890, mbmeylsﬁﬂﬂré(@éél i’dt&‘gTe”EﬁBﬁt{dm&' s, 30

according to claim 3 er co r|S|ngthe step of controlling a

t enper at uslernyfmixig anapiud|1$0 ﬂubygiea mohogesfeed pyrtil A2 bdxmeptcﬂyamelans foy m xi ng

eans. Ngl\ilvermg |rj1e monomecr 8~70~I~f~a ;%'er%uéed%gnc}n’l)er sluZ'ryI 12 E;ed 1}1 the Ergcgsgdfc?ne of
these feed ports is plugged and the other is used to introduce a premixed monomer slurry
into the monomer slurry mixing annulus. The flow of the chemical through this and
subsequent sections is at right angles to the velocity gradients that are formed by the
rotating mixing spindle 170, helping to ensure efficient mixing of the chemicals. The

20 monomer slurry flows down to a lower section of the annular spacing opposite the
magnetic coupling 120 that forms a polymerizing slurry mixing annulus 190. The annular
clearance in this lower section is decreased in order to increase the local slurry velocity for
rapidly mixing and diluting the chemicals introduced into the polymerizing slurry mixing
annulus 190 and to prevent plugging of feed ports. Polymerizing initiator is introduced into

25 the polymerizing slurry mixing annulus 190 through a polymerizing initiator feed port 146
connected to a means for delivering the polymerizing initiator 880. Polymerizing quencher
is introduced into the polymerizing slurry mixing annulus 190 through a polymerizing
quencher feed port 144 opposite the polymerizing initiator feed port 146, and connected to
a means for delivering the polymerizing quencher 820. The polymerizing initiator initiates

30 polymerization of the monomer slurry while the polymerizing quencher provides a reaction
poison to stop the polymerizing reaction. With a polymerization reaction with an induction
time of between one and five seconds, it is possible to sequentially fill multiple molds.
Below the mixing spindle 170 is a mix mixing annulus outlet port 148 for supplying the

rapidly polymerizing materials to the mix head outlet 840 connected to a three-way valve



32 43. A mxing and di spensing process for rapidly polynerizing materials,

according to claim39, further conprising the steps of: (a) controlling a

tenperature of the nononer slurry durin@0the step of delivering the nononer
slurry to the polynerizing mxing neans; and 5 (b) controlling a

t enper at ur, th | rizi L ti.ator i t en.o | ivening the
ol yrrer i 18T BieeP8 TV £16 B MR RIrel Moo it The MigHorintel IS
di spensi N@spiop @fswastOfank ailbt 86, PAder BBiitraliofig pidir&hinabk.coa&6érdAGedsarec! ai m
40, further COH‘EI’I.S.I ng_ the steps of 10 (a) controllij nq a tenperature of the
silica pasersoadip? ignstalledsinghe whll @f theyixingpadyd 6Qite pignal she programmafle nononer

slurry m xi ; . li u f r
auri ny ¢ neoBfalE I iRt s RAfch W e Bol TERE At et plie JRRRE g
nmeans. 35 afthulud\ontletipod 148 dhrduighp hiohradiptieic&msbef teansmatfiddb i flowikgBlotryl Ng
material s, according to c¢claim39, further conprising the steps of: (a
cont r ol | i Aismey hpuseditacithesrgange thepsesense of agrtaip cheminal eomprunds foricegtrehe
nononer s : ' f. the.nok Nt Al

o1 at or PioSes. BEWREPIheSORERS Lidthih bRIRTLALI Ghfticd Hivdmls I ekt B, |
and di speseatvegtopiniiaespolimerizaiondif yheuabtgrizlc i zi ng naterial s, according to
claim40, further _corrprisiglgqt&}e steps of: (a), controlling a tenperature of
the silica past'dTypg8ewite Fifar6, Fier Ot’vﬁéheswer%!hcoz’@w!)weeceaﬁ%pf(tg? mixing
cont rolhi : g,;%fé e ' ' | e nononer.
47. A rhlox%%agh IS e%é? ?%frag?dgléggg@ or lrs a%eﬁ?eyﬁ%rg?@hée%ﬁ{zl%rﬁgryt&g? erials,
accor di ng ptagrammabie3@ntrbllertand compripesi foumnmajoh steps. ftep ftactingt the tompygtet he

nmononer slurry 30 delivering step,. the polyperizing jhitiator, deliyvering
st ep, the?F%g‘HIG@IptgFﬁﬁ%ﬁeﬂ‘ﬁ@ @eak%cgf sy Pliﬁég@t%flgpﬂ‘tﬁlﬁatepﬁﬁsqtﬁgpféutpe step

PLY A B O YRGS iR Bit, PIRRITIE AR hOc 660 and.

di spensi ngn pjeotths sndlded pap68e. ¥ qibbﬁihésﬁepé arg_caniedrohaw_ithqtacehmr,dhmgontmlwai m
41, further CO{{}%J’I si.ng thﬁ Eep of controlling the silica paste delivering
step, t'feSHBHBREY 28R tAte rqg step, the monomer slurry formng step, the
pol ynmeri zi ng 5 Tubhihg ab®to BRGI7Y BIGIY%heWS Ehe donfrol sRliéHc¥ fOdhneBIing Zor g sl 'y
form ng step, the rapidly polynerizing slurry delivering ste&,. thé

pol yrer i z favdts @OdAthin FIge6). wdier stgrtingehe chaek folsystenme@ulis6 inthe delivarisg ur ry

formng stop, and Lhe, auenchRr ROIMFRL 2l 1dad) Hid dpdiSh bFELIARS bEREY 2

progr anma

shot 612. If they are not, a purge/quench alarm is set and a purge/quench cycle is initiated
20 620, after which the system is stopped 622. If the delivering subsystems are ready 612, the
mix head pressure is checked to determine if it is near zero 615. If the mix head pressure is
not near zero, a back up command is sent to the delivering subsystems 614 in order to
reverse the stepper motors to stop material flow. If the pressure is not reduced to near zero
after three back up commands 613, a purge/quench alarm is set and a purge/quench cycle
25 is initiated 620, after which the system is stopped 622. If the mix head pressure is near zero
615, the elapsed time since the last pour is checked to determine if it is less than a preset
pour time limit T1 616. If it is not less than the pour time limit T1, a purge/quench alarm is
set and a purge/quench cycle is initiated 620, after which the system is stopped 622. If the
elapsed time since the last pour is less than the pour time limit T1 616, it is determined if a
30 polymer is forming in the mix head 619. If a polymer is not forming in the mix head 619, a
polymerizing alarm is set 618. If the operator overrides the polymerizing alarm 617, the
step of checking for system faults is restarted 611. If the operator does not override the
polymerizing alarm 617, a purge/quench alarm is set and a purge/quench cycle is initiated

620, after which the system is stopped 622. If a polymer is forming in the mix head, the



10 49. A mxing and di spensing process for rapidly polynerizing material s,
according to claim48, wherein the progranmabl e controller conprises a
conput er program conprising the steps of2l(a) checking for systemfaults;
(b) executing a pour cycle; 15 (c) repositioning the nold; (d) ejecting a

| ded t; d.. | Lh d 0., A piXxi d
i spensy ndnOgeseR - FHeREs) 611y 15bF Tl Pasiieh RaPbrdrEet BhoneneltikakRs oo
clai m 49, gyhemfabitd 18 9estriid A1, FHRE IoWispsitioN&d &Ry b2 B, tROSEP bESfecki@
steps of: {(a) determning if the delivering subsystens are ready; (b)

setting a fpusygtenyfaults is endad A2 3 randithg eanaputerpragraon epatinuasite thecsfep of i f t he
del i vering_suhs ens._are ngf. I . (c) determining if a mx head pressure
is zero; e‘(‘ﬁﬁi@%&?uﬁé’yﬁgtg%‘ﬂﬁgyﬁ?mnds to the delivering subsystens if
the m x shead prRgfing@osto IG-8£aAd FIGRBS BIGi8A0arid FIGEB ghdw tesotrdl ar m and

initiating the purge/quench cycle if nore than three contiguous back u
commands &equenspfortegequtiagdhs pauscyel§ 78utb30dn EHE-6) IS8R i cantinyationeefF Ik x
head pressuyre:. 30, (f er.m.ni i i ' pour is
'ees han o gnd By ol REhHSHiop O ok RO A%, el LS Bt R AL

al ar m and adpardde@binithndiesdn i@l mition tiinel 632 th adhiance tiapiafpdtibn fEnsl iice t he
| ast pour is not |l ess than the predeterm ned pour tinme limt; W)

v~~ .~ oxderto make contact befyveey the injection punnel andthameld.iA checkds m@éﬁg tqhs )
formng, i efbrfint i?ﬁl%thection tunnel contacts the mold 635. If contact has not been made, the

advance tunnel command 632 is repeated for up to three times 634. If the injection tunnel
does not contact the mold 635 after three contiguohis advance tunnel commands 634, an
injection tunnel advance alarm is set 633 and the elapsed time since the last pour is
checked to determine if it is less than a preset pour time limit T1 636. If it is not less than

15 the pour time limit T1, a purge/quench alarm is set and a purge/quench cycle is initiated
649, after which the system is stopped 651. If the elapsed time since the last pour is less
than the pour time limit T1 636, a check is again made to determine if the injection tunnel
contacts the mold 635. If the injection tunnel does make contact with the mold 635, the
delivering subsystems are started and the pour time limit T1 timer is reset 637. A check is

20 made to determine if the mix head pressure is less than a preset pressure value P1 639. If
the check is affirmative, another check is made to determine if the delivered chemical
volumes are less than preset volume limits Vy 638. If the delivered volumes are less than
the preset volume limits 638, the check of the mix head pressure 639 is repeated. If either
the mix head pressure is not less than the preset pressure value P1 639, or the delivered

25 chemical volumes are not less than preset volume limits Vi 638, the delivering subsystems
are stopped and back up commands are sent to the delivering subsystems 640. A check is
made to determine if the chemical ratios are correct 643. If the ratios are not correct 643, a
ratios alarm is set 642 and a determination is made if the ratios alarm is stopped within a
preset ratios time limit T2 641, indicating an override by the operator. If the ratios alarm is

30 not stopped within the preset ratios time limit T2 641, a purge/quench alarm is set and a
purge/quench cycle is initiated 649, after which the system is stopped 651. If either the
delivered chemical ratios are correct 643, or the ratios alarm is stopped within the ratios
time limit T2 641, a check is made to determine if the delivered chemical volumes are

within preset ranges 645. If the delivered chemical volumes are not within preset ranges



(h) setting a polynerizing alarm and enabling an operator to override the
polyneri zing alarmand restart the step of checking for systemfaults by
repeating steps (a) through (h) if the23®lynmer is not formng in the mx
head; 5 (i) setting the purge/quench al armand initiating the purge/ quench

le if t or, d d th
ot er i ni B3 RO Hmissel bt MRt ecyobimy e J ok iy hE0fliyatdd gy e
step of c&)ﬁﬁhéangoﬁﬁ{es%ye%ﬁﬁmfﬁe&et ﬁmgés 6&?5?&&51@%0%1%&% {sabnith ruwajkcﬁbﬁ i f
the mold is not positioned correctly. . m xi ng and di spensi ng

process ftonnel§36.0A ghenk iy made #o dqwanert‘ th¢ m.lecaon unnhﬁhgmtacts:ﬂhanmldé% Mherei n

acvance (GG DA ordh e dela Tutiel Eomero 4f sronag eante BGE 0
posi ti ofi tifles?6U 7. 1 tBE trij@tioh WiiR c&i!idtﬂhe inflol@ 648 aftér dﬁetef&oaﬂ%ud%b ﬁ&véhfcet he
nol d; 15 (b) determ n|n I f an injection tunnel contacts

repeat i ngusnal gemands @-b)lﬂjﬁ(fthrmnnqluJT@wt darm wéﬁS(Umt:]mctapMmct the I
oes. not et Pk e LOSEERAND dotiBBe £ X RS R RfRot pe B 1t

(e) det erlfiitris figt leds thin e ppaeEme | Ihi’fﬁt'El Hpfurge/ipehth Bl it Setlaf & puF@Nquench
predeterm ned 20 pour time limt and sefting ag ge/ quench aI arm and

initiati Myck 1p mlg%tmlq 6¢h @ﬁewbwé the systenbisstopped 69ibdEtheslapsed v@efsmtca ¢he
| ) et INadW3REls 188FhAR AL b tirhd i B0GS 2 L TR RO pldddTo bkiHih gaw
y le rese

begi nni'ng pouring i VErI ng aub ens ah
pour ti menjec@én (ug)lelobehemmtlm mgld 648alfithe nijemdn mrﬂrelsms Bnigér iakes dohtadt with
predeter ned (&S&zsure limt; (h) . deter ing if delivered chem cal volunes

Bre | ess th Srenar grcle isandsd 653, an éhe QoMpPUtE PERgARoatiages to the step ough

(hy ift ositlomadh tRE 680! s than the 30 predetern ned pressure
limt ang)ﬁftﬁB g |vere§§fﬁe6§10£ @?fumes are |l ess than the predeterm ned
vol unme | i m t s;TulhingBhigdte FBE-9, FIG-9 shows the control sequence for repositioning the

15 mold 80, (660 in FIG-6). When the step of repositioning the mold is started 661, a

reposition command is sent to the mold 662. A check is made to determine if the mold is
repositioned 665. If the mold is not repositioned, the reposition mold command 662 is
repeated for up to three times 664. If the mold is not repositioned 665 after three
contiguous reposition commands 664, a mold positioning alarm is set 663 and the elapsed

20 time since the last pour is checked to determine if it is less than a preset pour time limit T1
666. If it is not less than the pour time limit T1, a purge/quench alarm is set and a
purge/quench cycle is initiated 667, after which the system is stopped 668. If the elapsed
time since the last pour is less than the pour time limit T1 666, a check is again made to
determine if the mold is repositioned 665. If the mold is repositioned 665, the step of

25 repositioning the mold is ended 669, and the computer program continues to the step of
ejecting the molded part, 680 in FIG-6.

Tuming now to FIG-10, FIG-10 shows the control sequence for ejecting the
molded part from the mold 90, (680 in FIG-6). When the step of ejecting the molded part is
started 681, an eject part command is sent to the mold 682. A check is made to determine

30 if the part is ejected 685. If the part is not ejected, the eject part command 682 is repeated
for up to three times 684. If the part is not ejected 685 after three contiguous eject part
commands 684, an eject part alarm is set 683 and the elapsed time since the last pour is
checked to determine if it is less than a preset pour time limit T1 686. If it is not less than

the pour time limit T1, a purge/quench alarm is set and a purge/quench cycle is initiated



p~d~"~'" 35 (j) stopping the pouring by stopping the delivering subsystens
and sendi ng back up commands to the delivering subsystens if either the mx
head pressure is not |less than the predgterm ned pressure limt or the
delivered chem cal volunes are not |ess than the predeterm ned volune
limts; ) .determ.nning if, del d cal, rati.,os correc 1) ;
Setting YRS ErmihsRers SGaps CRCH BE Elabiea trpé sifce B Tas ot K s oot
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within predeterm ned 10 ettln a_volu f the
del i ver edOCH r@é?gr%lrﬁ%gesggglerfgqu Q%szaﬁ'['ﬂg Elﬁ PE%WIHE l\}B%E £"r anges;
15 (p) sendi norie ﬂr@éehﬁﬁﬁreﬁt%%hc@ﬂﬁw&sta%y&@ﬁl thHﬂ SE&tifiOdhtl %3%%9&1’%‘ tioning
means; (q) determning if the injection tunnel contacts t ol d; (r)

r epeat i ngatstat pighompoderts )nayfbetmansniamdtandrsubsmmllyccdmme sost@fcont act
th | d t t t t t .al t.h t
tunnel dgmeiitphy TabRRep Bk B A roh hehSh 1 e B PRl it a8 { e

comands; indélded. Phrts| 65584 4Fe RisdGedifced BY tig) eigingtidr HBrwoitd Feurthdtrs casingiony i S
| ess than the 20 predeterm ned pour tinme limt and setting the purge/quench

al ar m ancPfienpanisalated gompengnis Heugingpyrns: Foe ehemiceleliyprrsubsystemseanablst
correcy 1pﬁg gegb&ﬁ{ it 1§r§é’wﬁéut Jgﬁ{[é%oﬁ' B&@) o f*lif? 1§Aé1§oh§\a§ eﬂ%g%ﬁé ﬁﬁ‘uﬂﬁg pour

tlrrellm cess YIert 2i ng

mat er i al sof tRbfead chemicals it thechixiiead fust pﬁkﬁl’te ibeinigtinjested liht@ﬁa nicld 0avity, eathérg t he
nol d conprises the steps of: ghaé sendi ng a reposition npld command to a

mol d pos |tbmbuﬁmggpw® matgnialg that may detegiorate whale being stosed. dhe system odfers ( )
repeat | nglmﬁ‘(?\%ﬁ rél@bllﬁg) Qhrg)@h slimbd38oA"8t Chites iR e SRRES tfée(apg&anced

computer control, a novel mix head design, and no special handling of chemicals by highly

15 trained personnel. The system is especially suitable to small shot sizes such as is required
when encapsulating delicate electronic components because of the unique mix head
configuration. The delicate electronic components such as microchips that are encapsulated
by this system are distinguishable by greater reliability and higher yields due to the use of
low viscosity encapsulating materials reducing failures from causes such as wire sweep,

20 and lower molding temperatures for creating less thermal stress than conventional
techniques. The chemical material components are also inherently free from residual
corrosive substances

Although the present invention has been described in considerable detail with
reference to certain preferred embodiments thereof, other embodiments are possible.

25 Therefore, the spirit and scope of the appended claims should not be limited to the

description of the preferred embodiments herein.



(d) setting a nold repositioning alarmif the nold does not reposition
after three 30 contiguous reposition nold commands; and (e) determning if
an el apsed tine since a last pour is less than a ,‘ Redl) ?) 7
limt and setting a purge/ quench alarmand initiating?® eIy {% C§F

if anr;' ~~~:~sn~ ~, a~~j pcrlus 99/ ~50~~ ~p~ 11 APR ﬁ@@ij@%;qogr 5& é S
not correct the nold repositioning alarmw thin the predeterm ned pour tine
limt. 53. A mixing and di spensing process for rapidly polynerizing
materials, 5 according to claim 49, whel&in the step of ejecting the nol ded
part conpr;esT ideLaiciep ’f (a) sending an eject nolded part command to a
nol ded part ejecting neans; (b) determning if a nolded part is ejected,

(c) repeating steps (a) and (b) if the nolded part is not ejected; (d)
setting an ejecy parf alarmif,. the. nol ded_part. ., does not. eject. after three
10 conti guous ef'ect Iy and dispensingsyiem fArsapidly polymedzing matsrials i ¢ an

el apsed tiggmpisifpe a | ast pour is less than a predeterm ned pour time |imt
and setting a purge/quench alarmand initiating a purge/quench cycle if an
oper at or5does n@ coneans fortrniing pedymesiaing radterialy havingi asealnd aprb etizingi ned
pour time |imt.. 15 54 ..An encapsul ated device,. conprisi.ng a device

posi ti onedcav‘\',i*%’hfﬂr‘%v eg“ Ylgégﬁﬁgé%@l)% ‘8@1‘?% PR MENERY eszmda?ti ng material, the
encapsul at ¢ylgdfigdl§rshapedified Maldf BYniRinpbO&ESS conpri sing the steps of: (a)

m xi ng pol ynmerizing materials in a polymerizing m xing nmeans having a

seal ed annul ar @ xi rfacasgieridgliyesingeagponomey Blury tq b Pplymerzipa mixivg sieAnY i nner
m Xxi ng spi ndl e a | § callys- | . ], XJ: body;
(b) delivering (gpnorqger@F ?‘Zﬁdﬁp%l“%% ‘Jt"?fféﬁ%%q‘?ﬂ%"r“?‘?? %’g‘mﬁi’éﬁ‘ﬁ%‘%‘e@r@m& (c)
del i.ver ilhgmeangpl yneri zing initiator to the polynerizing m xing neans; (d)

form ng a rapidl olyneri zing slurry by conbinin he mononer slurry and
g P (dy P mgans for fom%ngarapi(}iy pglymenrrz%ng sluxgryLy combining the monomer

slurry and the polymerizing initiator in the polymerizing mixing means; and

(e) means for delivering the rapidly polymerizing slurry to a mold.

15 2. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for delivering a monomer slurry comprises:

(a) means for mixing a monomer slurry having a sealed annular mixing cavity
between a cylindrically-shaped rotating inner mixing spindle and a cylindrically-shaped
inner wall of a mixing body;

~ 20 (b) means for delivering a silica paste to the monomer slurry mixing means;

(©) means for délivering a monomer to the monomer slurry mixing means;

(d)  means for forming the monomer slurry by combining the monomer and the
silica paste in the monomer slurry mixing means; and

(e) means for delivering the monomer slurry to the polymerizing mixing means.

25
3. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, further comprising:
(a) means for delivering a polymerizing quencher to the polymerizing mixing
means;
30 (b)  means for forming a quenched polymerizing slurry by combining the

polymerizing quencher and the rapidly polymerizing slurry in the polymerizing mixing

means; and

AMENDED SHEET.



the.polynerizing initiator in the polynerizing m xing neans; and 25 (e)

delivering the rapidly polynerizing slurry to a nold.
devi ce, conprising a device positioned within a nold ﬁéﬁsl @mgmga
encapsul ating material, the encapsulating material pr eg LI ARR
according to claimb54, wherein the step of delivering nonmer slurry
conprises the steps 30 of: _ .; ., y~JS e105037 9~I 1. APR 2tlt~l 37 (a)
m xing a nononer slurry in a nononer slagry mxing neans having a seal ed
annul ar m xing cavity between a cylindrically-shaped rotating inner mXxing

spindl e and a ¢yl i ngfehsrol Hel%ﬂﬁ%dmeiqﬂaﬁﬁhed\@él%m@:ﬁziﬁg §Turfy t¥0h WY tank D)
delivering the silica paste to the nononer slurry mxing neans; S (c)
del i veri ng t he4nonodenixing andalispsnuingsystemutor apidlxpelgmerizingmateriyls, f ormi ng

t he nono . | ni : t id |n the
e TSk P i O e TR B SRR " L%
pol yrer i zinfghomexslogy deldefing if2afhd theAvo lyemezfipuhititet delRelisemeaBhe rdpidly a
devi ce posi h,iglon,e.d within a nold and, encl gsed within an encapsul ati ng
mat er i aP, PPly@eEang sy fermige mears aad the ranidly salymgrizing slypry delivesag mepngy t o
claim55, further conprising the steps of: (a) delivering a polynerizing
quencher to the polynerizing m xing neans; (b) form ng a quenched
pol ymeri zi ng sbur r y Abyixogdnd i spgnditgesysteyfioerapiil yneplihertpiggahterialgnd t he
rapi dly pol rizi slurry in the polynerizing m xjng neans;. and (¢
ol ver i haedoning fuclirod Ndhey romPDTRGS BlgrIR T soniaLe dor cmmollisg Begifica
encapsul apgde daefify meR¥PIHe MdHdnfer HEWefifg RRis! ihe ARMoMks mn?y R»rﬂﬂig%é’d?xg,
encl osed within an encapsul ati ng materi a%, t he encapsul ati'ng materi al
prepar d8 Mhe polymeizéngsinitietos delbvesing gneans, theaapidypolymerizingshogrfprmipg mganhie st ep
of cont rolﬂleirg ” he,nononer . sl UELY o .. .
y polymerizing slurry delivering means, the polymerizing quencher delivering
means, the quenched polymerizing slurry forming means, and the quenched polymerizing

slurry delivering means.

15 10. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for delivering the rapidly polymerizing slurry to the

mold comprises a valve.

17. A mixing and dispensing system for rapidly polymerizing materials,
20 according to claim 3, wherein the means for delivering the quenched polymerizing slurry to

the waste tank comprises a‘yalve.

18. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 3, wherein the means for delivering the quenched polymerizing slurry to

25 the waste tank or the rapidly polymerizing slurry to a mold comprises a three-way valve.

19. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for forming a rapidly polymerizing slurry in the
polymerizing mixing means comprises a mix head.

30
20. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 2, wherein the means for forming the monomer slurry in the monomer

AMENDED SHEET



delivering step, the polynerizing initiator delivering step, the rapidly
_polymerizing slurry formng step, and the rapidly pol ynerizi Z
delivering step by a conputer programresiding in a &@é déﬁ 7
controller. 25 58. An encapsul ated devi ce, conpri si ng 0

within a nold and encl osed within an encapsul ati ng rra ahg gPR 2083
encapsul ating material prepared by a process according to claim56,. further
conprising the step of controlling the silica paste delivering step, the
nononer delivering step, the nononer slzérry forming step, the polymerizing
initiator i i e i . sfep,
the. api dlyoabt ey B TaEReers 1 deiobrigind BobblEts slrlo T pc-A0R HR)

guencher dehnswenipnge stpheddhe quenched pol yneri zing slurry form ng step,
and the quenched polynerizing slurry delivering step by a conputer program

residing in a progranmable controller. ANEI\HE~ SHEEN t ~~~us 9905037
pll APR 2000 38; 59.5 GAPaH y&,q& NG HaNifE positioned
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(a) an electric motor having a drive shaft connected to an input end of a
coupling;
(b) a mixing spindle connected to an output end of the coupling and positioned
within a sealed mixing cavity within a mixing body by a spindle bearing, the mixing body
25 having a cylindrical-shaped inner wall;
©) an upper annular spacing in the mixing cavity between an upper section of
the mixing spindle and an upper section of the mixing body, forming a monomer slurry
mixing annulus;
(d)  alower annular spacing in the mixing cavity between a lower section of the
30 mixing spindle and a lower section of the mixing body, forming a polymerizing slurry

mixing annulus;
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24. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the mix head further comprises a pressure sensor positioned

-« 20 inthe mixing body wall for determining when the mold is filled with the rapidly
polymerizing slurry. -

25. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the mix head further comprises a light port positioned in the
25 mixing body wall below the polymerizing slurry mixing annulus for use of a light sensing

probe for determining the polymerizing slurry characteristics.

26. A mixing and dispensing system for rapidly polymerizing materials
according to claim 23, wherein:
30 (a) the mix head further comprises a light port positioned in the mixing body
wall below the polymerizing slurry mixing annulus for use of a radiation source in initiating

polymerization of a photo-curable monomer slurry;
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10 29. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 23, wherein the mixing spindle bearing is sealed.

30. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, further comprising a means for heating the polymerizing slurry at the

15 output port of the mixing cavity.

31. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the monomer feed port and the silica paste feed port are
replaced by a single monomer slurry feed port connected to the monomer slurry delivering

20 means and positioned in the mixing hody wall above the polymerizing slurry mixing annulus
for injecting a premixed slug\ry of monomer and silica paste into the mixing cavity.

32. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, further comprising a three-way valve having an input connected to

25 the output port of the mixing cavity, a first output connected to the mold, and a second

output connected to the waste tank.
33. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 1, further comprising means for controlling a temperature of the rapidly

30 polymerizing slurry in the polymerizing mixing means.
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(b)  means for controlling a temperature of the polymerizing initiator interposed
between the means for delivering the polymerizing initiator and the polymerizing mixing

means.

10 35. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, further comprising:
(a) means for controlling a temperature of the silica paste interposed between the
means for delivering the silica paste and the monomer slurry mixing means; and
(b)  means for controlling a temperature of the monomer interposed between the

15 means for delivering the monomer and the monomer slurry mixing means.

36. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, further comprising:
(a) means for controlling a temperature of the monomer slurry at the means for
20 delivering the monomer slurry; and
(b) means for cqntrolling a temperature of the polymerizing initiator at the means

for delivering the polymerizing initiator.

37. A mixing and dispensing system for rapidly polymerizing materials,
25 according to claim 2, further comprising:
(a) means for controlling a temperature of the silica paste at the means for
delivering the silica paste; and
(b)  means for controlling a temperature of the monomer at the means for
delivering the monomer.
30
38. A mixing and dispensing system for rapidly polymerizing materials,

comprising:
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(c)  asilica paste feed port connected to a silica paste delivering subsystem and
positioned in the mixing body wall;
(d)  apolymerizing initiator feed port connected to a polymerizing initiator
10 delivering subsystem and positioned in the mixing body wall;
(e) a polymerizing quencher feed port connected to a polymerizing quencher
delivering subsystem and positioned in the mixing body wall;
® a pressure sensor positioned in the mixing body wall for determining niix
head pressure;
15 (8)  anoutlet port positioned at a second end of the mixing body opposite the
electric motor, and being connected to an input of a three-way valve;

(h) a first output of the three-way valve being connected to an inlet of an

injection tunnel, and a second output of the three-way valve being connected to a waste tank;

20 )] a means for positioning a mold in relation to the mix head;
) a means forrpositioning the injector tunnel so that an injector tunnel outlet is
in contact with an inlet of the mold;
(k)  ameans for ejecting a molded part from the mold; and
1)) a programmable controller connected to the monomer delivering subsystem,
25 the silica paste delivering subsystem, the polymerizing initiator delivering subsystem, the
polymerizing quencher delivering subsystem, the variable speed electric motor, the pressure
sensor, the three-way valve, the mold positioning means, the injector tunnel positioning

means, and the molded part ejecting means.

30 39. A mixing and dispensing process for rapidly polymerizing materials,

comprising the steps of:
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10 A mixing and dispensing process for rapidly polymerizing materials,

according to claim 39, wherein the step of delivering a monomer slurry comprises the steps
of:

(a) mixing a monomer slurry in a monomer slurry mixing means having a sealed
annular mixing cavity between a cylindrically-shaped rotating inner mixing spindle and a

15 cylindrically-shaped inner wall of a mixing body;

(b)  delivering the silica paste to the monomer slurry mixing means;

©) delivering the monomer to the monomer slurry mixing means;

(d) forming the monomer slurry by combining the monomer and the silica paste
in the monomer slurry mixing means; and

- 20 (e) delivering the monomer slurry to the polymerizing mixing means.

A
~

41. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 40, further comprising the steps of:
(a) delivering a polymerizing quencher to the polymerizing mixing means;
25 (b)  forming a quenched polymerizing slurry by combining the polymerizing
quencher and the rapidly polymerizing slurry in the polymerizing mixing means; and

(c) delivering the quenched polymerizing slurry to a waste tank.
42. A mixing and dispensing process for rapidly polymerizing materials,

30 according to claim 39, further comprising the step of controlling a temperature of the rapidly

polymerizing slurry in the polymerizing mixing means.
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44. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 40, further comprising the steps of:
10 (a) controlling a temperature of the silica paste during the step of delivering the
silica paste to the monomer slurry mixing means; and
(b) controlling a temperature of the monomer during the step of delivering the

monomer to the monomer slurry mixing means.

15 45. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 39, further comprising the steps of:
(a) controlling a temperature of the monomer slurry prior to delivering the

monomer slurry; and
(b) controlling a temperature of the polymerizing initiator prior to delivering the
20 polymerizing initiator.

~

~

46. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 40, further comprising the steps of:
(a) controlling a temperature of the silica paste prior to delivering the silica
25 paste; and

(b) controlling a temperature of the monomer prior to delivering the monomer.

47. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 39, further comprising the step of controlling the monomer slurry
30 delivering step, the polymerizing initiator delivering step, the rapidly polymerizing slurry
forming step, and the rapidly polymerizing slurry delivering step by a programmable

controller.
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48. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 41, further comprising the step of controlling the silica paste delivering
step, the monomer delivering step, the monomer slurry forming step, the polymerizing

5 initiator delivering step, the rapidly polymerizing slurry forming step, the rapidly
polymerizing slurry delivering step, the polymerizing quencher delivering step, the quenched
polymerizing slurry forming step, and the quenched polymerizing slurry delivering step by a

programmable controller.

10 49. A mixing and dispensing process for rapidly polymerizing materials,
- according to claim 48, wherein the programmable controller comprises a computer program
comprising the steps of:

(a) checking for system faults;
®) executing a pour cycle;

15 (c) repositioning the mold;
(d)  ejecting a molded part; and
(e) repeating steps (a) through (d).

50. A mixing and dispensing process for rapidly polymerizing materials,
20 according to claim 49, wherein the step of checking for system faults comprises the steps of:
(a) determining if the delivering subsystems are ready;
(b)  settinga purg;/quench alarm and initiating a purge/quench cycle if the
delivering subsystems are not ready;
(©) determining if a mix head pressure is zero;
25 (d) sending back up commands to the delivering subsystems if the mix head
pressure is not zero;
(e) setting the purge/quench alarm and initiating the purge/quench cycle if more
than three contiguous back up commands are sent to the delivering subsystems because of a
non-zero mix head pressure;
30 f) determining if an elapsed time since a last pour is less than a precetermined
pour time limit and setting the purge/quench alarm and initiating the purge/quench cycle if

the elapsed time since the last pour is not less than the predetermined pour time limit;
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i8§%553§§ka@2@% i polit ekt e & () vioe (-
@) setting the purge/quench alann and initiating the purge/quench cycle if an
operator does not override the polymerizing alarm;
) determining if the mold is positioned correctly; and
(k)  restarting the step of checking for system faults by repeating steps (a) through
(k) if the mold is not positioned correctly.
10
51. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 49, wherein the step of executing the pour cycle comprises the steps of:
(a) sending an advance tunnel command to an injection tunnel positioning means
for positioning an injection tunnel outlet in contact with an inlet of the mold;
15 (b)  determining if an injection tunnel contacts the mold;
(©) repeating steps (a) and (b) if the injection tunnel does not contact the mold;
. (d)  setting an injection tunnel advance alarm if the injection tunnel does not
contact the mold after three contiguous advance tunnel commands;
(e) determining if an elapsed time since a last pour is less than a predetermined
20 pour time limit and setting a purge/quench alarm and initiating a purge/quench cycle if an
operator does not correct thesinjection tunnel alarm within the predetermined pour time
limit;
$3) beginning pouring by starting the delivering subsystems and resetting a pour
timer;
25 (g)  determining if a mix head pressure is less than a predetermined pressure
limit;
(h) determining if delivered chemical volumes are less than predetermined
volume limits;
(i) repeating steps (f) through (h) if the mix head pressure is less than the
30 predetermined pressure limit and the delivered chemical volumes are less than the

predetermined volume limits;
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®) sending a retract tunnel command to the injection tunnel positioning means;
(qQ)  determining if the injection tunnel contacts the mold;
15 ) repeating steps (p) and (q) if the injection tunnel continues to contact the
mold;
(s) setting an injection tunnel retract alarm if the injection tunnel does not retract
from the mold after three contiguous retract tunnel commands; and
t) determining if the elapsed time since the last pour is less than the
20 predetermined pour time limit and setting the purge/quench alarm and initiating the

purge/quench cycle if the operator does not correct the injection tunnel retract alarm within

the predetermined pour time limit.

52. A mixing and dispensing process for rapidly polymerizing materials,
25 according to claim 49, wherein the step of repositioning the mold comprises the steps of:

(a) sending a reposition mold command to a mold positioning means;

(b) determining if the mold is repositioned;

(c) repeating steps (a) and (b) if the mold is not repositioned;

(d)  setting a mold repositioning alarm if the mold does not reposition after three
30 contiguous reposition mold commands; and

(e) determining if an elapsed time since a last pour is less than a predetermined

pour time limit and setting a purge/quench alarm and initiating a purge/quench cycle if an
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10 contiguous eject molded part commands; and

(e) determining if an elapsed time since a last pour is less than a predetermined
pour time limit and setting a purge/quench alarm and initiating a purge/quench cycle if an

operator does not correct the eject part alarm within the predetermined pour time limit.

15 54.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a process
comprising the steps of:

(a) mixing polymerizing materials in a polymerizing mixing means having a
sealed annular mixing cavity between a cylindrically-shaped rotating inner mixing spindle

20 and a cylindrically-shaped inner wall of a mixing body;

(b) delivering a ronomer slurry to the polymerizing mixing means;

(c) delivering a polymerizing initiator to the polymerizing mixing means;

(d) forming a rapidly polymerizing slurry by combining the monomer slurry and
the polymerizing initiator in the polymerizing mixing means; and

25 (e)  delivering the rapidly polymerizing slurry to a mold.

55.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a process
according to claim 54, wherein the step of delivering a monomer slurry comprises the steps

30 of:
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(b)  delivering the silica paste to the monomer slurry mixing means;

5 () delivering the monomer to the monomer slurry mixing means;
(d) , forming the monomer slurry by combining the monomer and the silica paste
in the monomer slurry mixing means; and

(¢)  delivering the monomer slurry to the polymerizing mixing means.

10 56.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a process
according to claim 55, further comprising the steps of:

(a)  delivering a polymerizing quencher to the polymerizing mixing means;
(b)  forming a quenched polymerizing slurry by combining the polymerizing
15 quencher and the rapidly polymerizing slurry in the polymerizing mixing means; and

(c) delivering the quenched polymerizing slurry to a waste tank.

57.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a process
20 according to claim 54, further comprising the step of controlling the monomer slurry
delivering step, the polymetizing initiator delivering step, the rapidly polymerizing slurry
forming step, and the rapidl; polymerizing slurry delivering step by a computer program

residing in a programmable controller.

25 58.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a process
according to claim 56, further comprising the step of controlling the silica paste delivering
step, the monomer delivering step, the monomer shurry forming step, the polymerizing
initiator delivering step, the rapidly polymerizing slurry forming step, the rapidly

30 polymerizing slurry delivering step, the polymerizing quencher delivering step, the quenched
polymerizing slurry forming step, and the quenched polymerizing slurry delivering step by a

computer program residing in a programmable controller.
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59.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a process
according to claim 58, wherein the computer program residing in the programmable

5 controller comprises the steps of:

(a) , checking for system faults;

(b)  executing a pour cycle;

(c) repositioning the mold;

(d) ejecting a molded part; and

10 (e) repeating steps (a) through (d).
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