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{57) Abstract: Injection molding encapsulation processes for pack-
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aging an object or objects in microcelular foamed material, compris-

ing the steps of providing 2 mold having a mold cavity, positioning
at least one object in the mold cavity, providing a packaging mate-
rial, introducing a fluid into the packaging material under conditions
sufficient to produce a supercritical fluid-packaging material solution,
introducing the solution into the mold cavity, and converting the solu-
tion into a microcellular foamed material. Such processes are advan-
tageously employed in encapsulation of electronic or elecirical com-
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ponents. Packaged objects produced therefrom may be completely or
partially encapsulated.
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m crocel lul ar foanmed material, conpris- ing the steps of providing a nold

having a nold cavity, positioning at |east one object in the nold cavity,

providing a packaging mate- rial, introducing a fluid into the packagi ng
mat eri al -under conditions sufficient to produce a supercritical
f1ui d-packagi ng material solution, introducing the solution into the nold

cavity, and converting the solu- tion into a mcrocellular foamed material.
Such processes are advan- tageously enployed in encapsul ation of electronic
"or electrical com ponents. Packaged objects produced therefrommy be
conpletely or partially encapsul ated. 11 Decenber 2004 WO 01/ 97584 A2
Publ i shed: For two-letter codes and other abbreviations, refer to the

" Qui d-



Wit hout international search report and to be republished ance Notes on
Codes andAbbrevi ati ons™appearing at the begin- .upon recei report
ning of each regul ar issue of the PCT Gazette. 11 Decen%grd%%@&e'ml/ 97584
PCT/ USO1/ 19 DO/97TIBENCAPSULATI ON USI NG M CROCELLULAR FOAMED PRATERI /#4180 FI ELD
OF I NVENTION The field of invention rellates generally to the packagi ng of

obj ects, and r rticularly, to encapsulation of electronic and

el ectri cal co%&éﬁ’g%@y UméMRQCELEWW MATERBACKGROUND OF
| NVENTI ON Packagi ng or encapsul ati on of objects using thernoset or
thernoplastic 10 materials'is comonly used in the electronic and

el ectrical industries to packagEIELdbOFdNGIHMNTIONh as wire coils; printed
circuits whether rj:%' ~dlexible |ead-frame nol ded i nt er connect

or
devi ce based: s wtiga rrlaiss genaralst toithapackesing okehieds, and more
conduct'sveplaﬁﬁq;%r I VM Ma ?rﬁ@ -nar her ei n,
~ "packagi ng”. or -gﬁ’?ﬁgﬁ%ﬁgﬁﬁg@g&%g m%%trrlﬁgzr)%g%@%ﬁ%n are identical
. i n meani ngmerocelhrer foaroed aBtenials: over nol di ng” or "insert nol ding" as
~understood by one of ordinary skill in the art. Technical difficulty
(desi gn, performance, manufacturing), econom c tradeoff (nmachine
productivity, resin price, B\MEGRUIE\]DWW\V‘EN?‘ ), and system conplexity
(secondary operations, and total systemcosting) all contribute to the nost
~econoni cal choPeekagingaieaprpshlatipwof ehicws usiig themapen@rthérmoplagden equal

ol i mdOus RECIL TopRRBRh ol o b8t Abi Sloehiealindngte thpotast vty and
thus the greapésdntsanonaiivirekeNg printed cilhitewhdhg dg?&,%ﬂﬂaléz TOREFARS ofYPi cal l'y
are carried out under conditions of high nolding tenperatures and high

i nj ecti on Froddegiplsrconpppt §pvion hassHysemiensdugipedevidengplectivalpowoanmllsfandn cause
“danage to- -0y La-cal ' ents pr delicateg 25 abjects to be
packaged. %ﬁ@%ﬁ‘ﬁ@ﬁg‘? 53& ﬁ%&?z@ga Oé(ge%ggﬁ (l)g?ttﬁ' rﬁ%‘éﬁﬁhﬁ%c@m AelBr Ycess
~producti vi tencapsuprtion®ae vsed inteohangedble bnd dte idbncaTaK B8 ahifk &S tekROsiER! di Ng

encapsul ati-o rogcesses | ess economcally attractive.
.p 15 7 as 'novegnol g§ or "insert molding" asunderg/tood by one of ordinary skill in the art.

Technical difficulty (design, performance, manufacturing), economic tradeoff
(machine productivity, tesin price, cycle time, machine cost), and system complexitjr
(secondary operations, and total system costing) all contribute to the most economical
choice of encapsulation material. In general, given equal perform;ance
20 characteristics, encapsulation processes using injection molding with thermoplastic
materials offers the highest productivity and thus the greatest economic benefits.
Injecting molding processes typically are carried out under conditions of high
- molding temperatures and h1gh injection pressures. Unfortnnately, such operating
. conditions often cause damage to electronic or electrical components or delicate
25  objects to be packaged. Consequently, this creates a loss in :perfomlance and process
- productivity or process fall-out, which in turn makes injectiop molding encapsulation
- processes less economically atiractive.
- It is desirable, therefore, to have injectiqn molding encapsulation processes
papable of packaging objects under low temperature and pressure conditions, so as to

30  prevent damage to the objects to be encapsﬁlated.



It is desirable, therefore, to have injection nolding encapsul ation
processes capabl e of packagi ng objects under | ow tenpét Beoembar2D0Ogr essure
conditions, so as to 30 prevent damage to the objects to be encapsul at ed.
11 Decenber 2004 2 SUMVARY OF | NVENTION A first aspect of the present
i nvention provides an injection noldi®g encapsul ati on process for
packagi ng at | east one object in mcrocellular foanmed material, conprising
the steps of providing a noS$UMMARVORINVENTIONI ty;, positioning at |east
one object in the nold cavity; providing a packaging material; introducing
a fluid into thérspaspkagl thgpmeeneinyvealtionprdedes apanctition moklingiehdapgilatioh t o pr oduce
a supercrjti i d- i ng. . | Lon: .jntroduci the
a0l ut 1 on Aroies orpac st RPESP O Bl ot Wbl BBl 143
m cr ocel |ofprvidingzeed hamgsrmalll cavity sesitindingg pesttone bbitdién the askintivitbypvent i on
provi des an.i.ni { | i 2SS aging at | east
one el ectri c%"\qé %ﬁ&c&%}ﬁ%ﬂéa@ g‘%ﬁ’ﬁ%@ﬁgﬁ‘ﬁ? %}?%mgg%g%?%rf%%# g%}éd mat eri al ,
conpri si regnditiens suifipisntdéd produre e dipregeriticaldhid-raekaging matenisll sdlutiery iintsoduqimesi t i oni ng
at | east i . I I N I vVity;
provi di ndhﬁﬁg‘é‘g{}%‘? ﬂli\llé&%léitcg{r}lf)g%l%&%ﬁ%{%&gég%%ggﬁﬁ ‘Jh{ﬁ](fklaﬁlglggtfﬁag%gac kagi ng
mat eri al metd@®t- conditions sufficient to produce a supercritical
f I ui d- packagi j LQn. At r i.ng. t ) i i he nol d
cavi by and caramidlbl ol bl RIS A0 bR Rk sbiloh 07
A third aspestiogfackdgngpt leastorte dastrsaltor elactpmizvcodipsneat ip avdkagidacbarest or
obj ect s t Ir r £ the. present
i nventi oﬁﬁag%\gi%grg l%é)gﬁgegﬁé 38§ rgﬂgfglg %%@éﬁ%@%?‘@é‘f@ggﬁ%%ﬁ%‘%ﬁ' (?ﬁfe%ﬁss pr oduced
by the sesopidctasy)ecdectBit EFHORSCRI 1T nON @AHYDRAVIENG abackagieg thafesala  gener al
di agram | - . i . LIY] processes
accor di n?g&%%ih‘?ﬂ% éﬁ{hﬁ\ﬁ}gﬁ;{l gﬁéﬁﬁé{%ﬁﬁﬁ%%ﬁ%&g&gg%g{ %J?&clj'{ng{é&g%%g%? ting forth a
pr ef er r edueanisigdlifivit pagkagingmuitadial wiutiogentraducipg thd sditing isto Sempilécaity;
encapsul ahetoRBkRE the sLEiffod diSroltuli LA dhdgiam setting forth a
preferred enbodi nent of a nol or use I n

A third aspect of the present invention provides a packaged object or objects produced

by the first aspect.
A fourth aspect of the present invention provides a packaged electrical or electronic

component produced by the second aspect.

BRIEF DESCRIPTION OF DRAWING

Figure 1 is a general diagram setting forth a preferred embodiment for carrying out
processes according to this invention.

Figure 2 is a general diagram setting forth a preferred embodiment of a mold for use in
producing a completely encapsulated object.

Figure 3 is a general diagram setting forth a preferred embodiment of a mold for use in

producing a partially encapsulated object.



- producing a partially encapsul ated object. 11 Decenber 2004 2a DETAI LED
DESCRI PTI ON OF PREFERRED EMBODI MENTS Preferred enbodi nthDscéroberc@0dyi ng
out processes of this invention are best described with reference to Figure
1. Figure 1 exenplifies the following elenments: 10 barrel and screw of a =
conventional injection nolding deV|ce2f1 retrofit 12 nozzle .13 fluid
supply 14 hopper 45 nold .16 'object(s) '17 nold surface In addition to
nold 15 and object(s) 16, Figures 2 and 3 exenplify the follow ng el enents:

- 18 19 20 nold_cavity conpletely encapsul ated ob' ect (Figure 2) partially

. encapsul at ed obP@cTA-Q}ingng 1y Q@cﬁﬁ%@ 584

PCT/ US01/ 1919 - - ect o cts 16 to be
PrefnE bbb AR] %Fb%y;flgg%ﬂpééc &4 o%% Hveffiod b He

~encapsul ated i's I NSl nor e sp ¥ ol d
cavity 18lefmived ﬁn@ltle&%erﬂzeamﬁ‘lg%)e 1. TRigureDéxkngdifick Yhelﬁllbﬁnﬂgf“@erﬁélﬁa of the

nmold 15 into \r?@lch the noJten material is_allowed to flow and fall. A Any
- conventional ndld (heEE! ¥ eFRveeE 4 va%ah@Jm@@g@é@gmwae
| retrofit

12." nozzle
13 'ﬂuid supply
14 hopper
15 mold
16 object(s)
. 17 mold surface .
'_ '_In add1t10n to mold 15 and obJect(s) 16, Flgures 2 and 3 exemplify the following
elements: _
| 18 mold cavity
19 cqmpletely éncapsulated object (Figure 2)
20 partially encapsulated object (Figure 3)



5 enpl oyed- Shown here in Figure 1 is a so-called "vertical" clanp nold,
which is highly preferred when conducting injection noltbageeberagueyl ati on.
Preferably, object(s) 16 is at |east one electronic or electrical
tonponent . WS ﬁg‘éﬂ herein, an electronic or electrical coRpbWesr1%¥c| udes
any conponent that carries a current when subjected to a voltage, such as

awre coil (e. I | ds . Lr formers 0, ot or s,
torroids, rel aylg‘?fe?ig“ 9 %% %gil ?’s%ﬂ &j@%?fﬁ Jteaétsi@?% ??ﬂc\ﬂﬂgé%%%qlsrpﬁadﬁea,
flexible, insideaniciditandmomspdeifichlly & bwddesity Bq¥éCRaRas2dnd 8).0The for
sensors, conﬁ_rol]eggisgée ul ators, . caonputer. peripheral boards, central -

‘proocessi ng™fifi ELY 894 therBeld devnieaviieh the moltepmmaterial iwallgyeeddove, and
“custom i ntggy ahedich ' : ical | I ...faor battery
packs), or analitlntﬁlelr%%%gée%vt%}l %@@?&g%ﬁﬁ%ﬁgﬁggﬁgprﬁﬁ%?Wt i n nol ded
sEeII 1515 pﬁp}!lgyﬁ(de.SgLownﬂ?re iﬂ!ﬁgmreildle:th scmalmai:‘tdeg_tbav\ii dlé:i%qfhfgldlwmb s g

t her nopl as.i art). erring.to Figure 1, object(s nay be supporte
directly (S)l?'lgﬁﬁﬁﬁcflgt)ﬁ?df %{RE? CWF%WWQ%@BEW%W@P%W% Preferablyur f ace 17 by
- tabs (not sHH@¥E) 161:Qk Tadsh QB 1Qr ted by one or
nor e support pr?otrtfsi ons dgﬁggécgﬁgl&n%?k%?%{fnﬁﬂ%@o%@ﬁgP%a{l\f'l#lg%%n’%ot shown in
Fi gure 1, detonicrirglectica) corfument incipdes anysionpenérnt dinat 28 riche comrd vaayi t y(s)

e o ShAEPR PR e iFGRE G e s o biose, any
porti om ofméfos, RRioRd fe‘-féys}f%nidéﬁ%ogé)r 8 BﬁﬁteH%B%ui@@ﬂeﬁ%&?@?,?}&ﬁtg&rlgﬂ-o”5 are

wel | -known_ to one of ordinary skillT in the art. Qo may be pl aced
_conpl et el yir§wss cpmolsi dntempnnset deviesbasedt{gyg S1aynsors, c@firotlatsyregalatarg)| | v

M -tihi I LY Fi 3). The f . ts i.n.the object
bei ng com BEAS PR PR e pbvenyRR i Cromeonr 0Rs Guker T esul s
i n the objfecidivy, faesing 208 cistodribeglatod RRGRHSH Ab@flcal GoWEF &I @NGBPSUl ation

is desi rat:l)lﬁ‘Pe1 particularly for wreless conmunication devices or when it is
usef ul t o PBHEVIRIESIPr 48 oan¢qy deviee conductiye dded gt wireswithinagfioldérbshellj ect

fromthe enyk [ORMERkRRA SR SAARI M AR el TorlRRERAR) ° PATL VL ar Y

with electronic and el ectrical conponents, . ecessary for
certain porti oRefafing beFipurphwbject(t)ol 6 RaRbO s@pPRSE dirédly onirRbigklds@ Wi th

U N T A LA N
object(s) 16, and/or supported by one or more support protrusions (not shown) from
the mold cavity(s) (not shown in Figure 1, 18 in Figure 2). Support protrusions from

20  the mold cavity(s) may be stationary or moveable. Moveable support protrusions are
especially helpful when creating solid one piece packages which do not expose any
portion of the object(s) 16. Use of such tabs and support protrusions are well-known
to one of ordinary skill in the art.

| Object(s) 16 may be placed completely mside mold cavity 18 (see Figure 2) or
25  only partially within mold cavity 18 (see Figure 3). The former results in the object(s)
S beix_tg completeljr encapsuiated in packaging material, and the latter results in the
objeci(s) béing only partially encapsulated. Complete encapsulation is desirable-
particularly for wireless communication devices or when it is useful to pfoﬁde an
especially effective packaging seal of the object from the environment. Partial
30 encapsulation is desirable iaal'ticularly with electronic and electrical components,
where it may necessary for certain portioﬁs of the component to remain exposed for
interface with other devices (e.g., for purposes of communicating electrical signals

and/or power to and/or from the component).



WO 01/97584 PCT/ US01/ 19190 4 Figure 2 displays the nold 15, nold cavity
18, and the resulting conpletely encapsul ated object 191 Debanbgazikdgi ng an
obj ect 16 which has been positioned conpletely within the nold cavity 18.
Figure 3Y®YUF7#Hfs the nold 15, nold cavity 18, and the P&EIHBVEY*bartially
encapsul at ed obj ect 20, when packagi ﬁg an object 16 which 5 has been
positioned partial Ly..within th | d.cavi. 18. . Referring to . Figure 1, a
preferred mcﬁ%@ée?gfs\lpﬁ%ts}%WBFGO{EI’?%ﬁg%‘?Mﬁ’f‘qu%eﬁﬁ”{t’éﬂg%ﬁﬁ@éﬁt i on

- pr ocesseenedpsiilicd. objBée 19, ivalibnGRATRIdISE S GhjBRNE SthidRhsHebEpodfiorzd Conventi onal
i njection nolding device 10 that 1s nodified with a retrofit 11 (expl ained

in furt hépmplatedy Wit bgneld ¢aviby 13- eFigere Jtisndtysithe mokhl], sndépardtt & to nol d

15 (and | Ly i . d gat. t_ shown). A
ropoer - 1A T AR batidfl el iR AL BT B Ak G Y PhRET 1 Rk o
mol di fig deyben pbeitipackpatially withity thelndi@chgtyused to encapsul ate obj ect (s)

16. Packaging material is typical IX provided in the formof solid pellets.
Preferably, tKeieHagkubicht hamseieard swshine rsagyingeutinjestion meldipg al

sel ected . | | terept hal at e,

pol ybutyleéél@gatﬂg?‘ﬁe%ﬁ%%%%e?ﬁ%g? @tléggg%ﬁér{%ggl a};@gafngﬁsﬁ |cg’ﬁ quid crystal

Dol Yarm de. e Dol yant e 6. pol yar e 46, and pol yark ge. 612  poLy hal am d
ol yam de ; e, 6, pol yam de .46, and pol yam de . _pol yt hal am des;
Bm 3y/pheneﬂ _ggfﬁae? gﬂﬁg%lpwé;ﬁd 5%@4%1%W@%&n iy E@I@tywt_eé femold 15 Fandy R
.acryhgni Eﬁdlﬁ@ﬁﬁﬁgﬁgmﬁoﬂ%ﬁ%ﬁxﬁ%@@@%ﬁ%&ﬂﬁm nyl polymers; acrylic

polyners; cellu s; polycar at'es; ernoplastic elastoners (e.g.,
ol efinic, styremipper 14 pidvides o thedpaklan desy ofopmiveetidnal Bjectiamd bl ends

“thereof Ev re ferably, the packaging material conprises any

seni - cryﬁq‘j&f‘gﬁ@“ﬁgiﬁf’?‘%ﬁa iterdo bRy % eneRpSHaCIOR R Mat erial il |

dictate PASAGIUAMCHASS BHicNg ROREAT infifle ERAYILRNSAIREs. [BIerdhRly fhe and Screw.
10 required to adequately. nel't and process the packaging matérial. Such

design apdackagingpeaterilegmpoise atileastormr materidweletted drom pilyestats, saclyaski | | i n

the art. _ln pref d diments of this invention, a. tional .
iy edti oRo NSRS ERREE: RoSPOb Fodterbsrvholly BmsS B Can r ast
in a convighid @yadl polijnkds, 8 polsféhi&f@geﬂﬁﬂyxﬁ&s;lﬁblyéc%[;%ifanﬁéesi, SucQk present,

and the packagi ng material passes from _
polyamide 66, polyamide 6, polyamide 46, and polyamide 612; polythalamides;

polyphenol sulfones (PPS); polyethylene; polypropylene; acrylonitrile-butadiene-
styrene (ABS); styrene; vinyl polymers; acrylic polymers; cellulosics; polycarbonates;
20 thermoplastic elastomers (e.g., olefinic, styrenic, urethanes, copolyatnides,
copolyesters); and blends thereof. Even more preferably, the packaging material
comprises any semi-crystalline material or blends thereof. : The packaging material
will dictgte the actual design and operating conditions of the barrel and screw. 10
required to adequately melt and process the packaging material. Such design and
B opemﬁné conditions are known to one of ordinary skill in the art,
- In preferred embodiments of this inveﬁtion,, a conventional injection molding
device 10 is modified with a retrofit 11. In conirast, in a conventional injection
: molding device 10, retrofit 11 is not present, and the packaging material passes from
_ - the barrel and screw 10 tﬁrough nozzle 12 into the mold 15 (and mold cavity 18).
30 Retrofit 11 comprises a sécl_:ion into which a fluid is introduced from a fluid supply 13
~and combined with the packaging material under conditions sufficient to produce a
supercritical fluid-packaging material solution, which is subsequently introduced

through nozzle 12 into mold 15 (and mold cavity 18).



the barrel and screw 10 t hrough nozzle 12 into the nold 15 (and nold cavity
'18). 30 Retrofit 11 conprises a section into which a fl ti Decembat2toduced
~froma fluid supply 13 and conbined with the packagi ng material under
-condi ti onsWOWPTEHent to produce a supercritical fluid-pacRE@BURe/I%a0eri al
sol ution, which is subsequently introdéced through nozzle 12 into nold 15
(and nold cavity 18), 11 Decenber 2004 WO 01/97584 PCT/US01/19190 5 The
fluid supply 137The awply Bupplerably snpplipes supercrigissl fuidimdo reiodit dds rof it 11.

Fl ui d suppfiy,: £ ' | ﬁ?ﬁil nown to
one of orid:?ﬁrl\%rguﬁ@#ﬁmﬁgtnkdéﬁ 1gtlerdf&t% glr(%%%tg&%:%ﬁﬁ g%%gwgﬂca #tﬂlfd for

i ntroduct i ontinry ekitleh ied art tolpkodubk taasizpacciitiel] Yimd forintrodugtiunyintbIetraft Hupply a
fluid, preferably gas, intg retrofit 11, .5 which in turn is _operated under

suf fi ci ent ACERAYPIREUA supplyd S mepAUPRY & fuid preisrabhasessipperedpfit tbal £ uid,
s Useds hegidh in tRUAChhErhkich Gfterlsh i BRSO (TREIHA mifthfdinks T8I Nt ai ned
at a tenperature which exceeds a critical tenperature and at a pressure
whi ch excesgsraitical fliidcal pressure, so as to place the material in a

supercritical fluid state. _In such state, 10 the supercritical, fluid has
properties whi chese erp%t%m%flﬁmalﬁf_“é# 118g4ns aé%’#ﬁ&#_ﬁ’&éc Lagned a3 qui d.
Such t e eicalydt Witk ER3HAE, SR Bt Qlend® AL IR LB 8 [N 3

supercritical state are wel nown. ferably, the supercritical fluid or
fluid is cemnehprhisaxede,ashd placgthe matthamea superdriticelniiyid tato nklhch steyeg en,

i ter.. .1 trofit 11..th kagi jal is blended
TR R g SPhekindl ol b i ich B PRGN PHAERL G bobidshe b "oy octuce
. a supercri & iigaild. fdudh den | 0 pBs@rel BhditisR fok idthtaidRGhRitEHASin £ achi eve

such a solution are well-known in the extrusion nolding art, as disclosed
f or exanpl supereritigalstatparewell-koows. 473, 665; U.S. Patent No. 5, 160,674; U.S.

Patent No. 5,15 6., U.S. Patent 1 5,334, 356; . S.. ., Pat.ent . 20

5. 866, 053: U S. PrelahD: f{k?.s“%‘f‘%%‘?%%}d "éﬁﬁl“ffs§?r%ﬁ5tldé%d‘?ﬂ8?m§eﬁ§%‘%ﬂ, each

of whi ch é&ylb@é,e@ébrﬂ-mféﬁcﬁ%ﬂnéhﬁﬁmm@bmegnce. Typically, retrofit 11 will
e

extend the screw and barr region of a _conventi onal . .
15 In retrofit 11, the packaging matenal is blended with the supercritical fluid or

gas under condifions sufficient to produce a supercritical fluid-packaging material
solution. Techniques to achieve such a solution are well-known in the extrusion
molding art, as disclosed for example, in U.S. Patent No. 4,473,665; U.S. Patent No.
5,160,674; U.S. Patent No. 5,158,986; U.S. Patent No. 5,334,356; U.S. Patent No.
20 5,866,053; U.S. Patent No. 6,005,013; and U.S. Patent No. 6,05 1,.174, each of which
is hereby incorporated by reference. ‘
Typically, retrofit 11 will extend the screw and barrel region of a conventional
injection molding device 10 to include additional sections modified with various
- mixing elements, such as mixing blades, and/or static mixer sections, designed to
.. 25  effect greater blending of the packaging material and the'supercritic'al_ fluid. Retrofit
| 11 may also include a diffusion region in which the mixture of packaging material and
‘supercritical fluid forms a supercritical fluid-packaging material solution, preferably
in a single phase. ' _ | _ |
Throughout retrofit 11, operating conditions should be maintained at sufficient ‘
30  pressures aﬁd temperatures to prevent the supercritical fluid from reverting back to a
non-supercritical state. :
- The supercritical fluid-packaging material solution is subsequently introduced
into mold 15 through nozzle 12 and known runner and gate systems (not shown) (and

into the mold cavity 18). As the supercritical fluid-packaging material solution leaves



i njection nolding device 10 to include additional sections nodified with
various mxing elenments, such as m xi ng bl ades, and/ or1tDatércber 2084
sections, designed to 25 effect greater blending of the packagi ng materi al
and the suBP®&1¥cal fluid. Retrofit 11 may also i ncl ude BCTNSOLUIO6N
region in which the m xture of packagi ﬁg material and supercritical -fluid

f | 14 cal. 1 ui d- packagi terial solution, ferably i
Sinal e phadiroi sty SEPRR RO o RrETiR (ORdR BRREc SRatra be | -

mai nt ai ned taémsddihirBiceRitabil iSRS, ABLDLY SIRRIA 1S Rcledt nt the
supercritical fluid from re@lerti ng back to g nog%tsupergri tl‘?é:gqﬂestate. The

supercriti capsing thegohbiorse furp inte parirrerelidanformad nntesiab sRartiewitt nozizist r oduced

i nt | d . Leqdl? and k d gat t
shown) ( and st B APiBARE Sl D ROMRel IR BREP R fe B FRIRabBackagi ng
mat eri als sdhehble 1228wghsitive R@aTDEA0 Chan)¥e iR 1y Sfr G 4480:44i49490 6

retrofit 11, ~particularly through nozzle 12, the resulting drop in pressure

creates a dusngiigadyaamicinspbiit For gxamplesaithe ¢nsiof retrefittby itimajtiss ng cel |

| eat i i ng LQn.t. [ nt o, a,mcrocel lul ar foamed
Tt eral o GRRSIE RIS bRl iniflah d driBhy STl BhG plecBl (07
drops. ar e weélile stiflawintainitidihe pidssurPbOdugfieibhtVy high 1QRINBHEéRnil SalindoPPsi ti ve

~shut off desi gn. anges in tenperature can also assist in inducing
t her modynaffi8€SeAle Ba5iS. i ty. For exanple, at the end of retrofit 11, it may

be degprable t Isf : 1O M .controlled. cell

nucl ea?f)on pr ocgvslgitaqs | %&g?ﬁﬁ%&n og?%%ﬁémtilg%baﬁ%%%%gg gfena?ﬁtﬁu& ently
hi gh | evel sinfef yecessanytpréssamre sufficientdto allbwehsaadrecdiiakir Soardél Meledallts and nore
i mportantly l.d cavity 18 is mai n‘iai ned at a tenperature, and if -
necessary ﬁP@@G PE‘?I?L}%/’F‘PE? m meld 13- o hhese demp @ ptyreand nrassurerordidionat er i al

to solidi o1l dRehérfAr A theEFR KA ﬁﬁ{gngplg % : pressure
conditions =W IF d_euggnd upon%lﬁée pac agéfilrll §sené1}21rﬁi§ag W ei né%g‘é?e:% are

wel | - known ordingskidfindhelithary skill in the art. 15 The end result of the

' ébove HE 0cess es_ "[th% erallg' reosgit %%%ese)bo‘}g prtogc?stsesr}g%n l())leajeegt(s) 16 that has been

encapsulated in a microcellular foamed material. Preferably, the microcellular

foamed material has a nuclei density greater than 10° bells/cmB with a fuily gtown cell
Vsize less than 10pum. More preferably, the microcellular foamed material has a nuclei
. density between 10'%-10" cells/ cm® with a filly grown cell size between 0.1-1 um.
20 Advantages achieved by processes of this invention are reduced melt viscosity
of the supercritical fluid-packaging material solution conpared to the packaging
material alone, thereby resulting in lower melt temperatures and lower injection
pressures. - As such, this invention solves the problem of hlgh melt temperatures and
high injection pressures commdn with existing injection molding encapsulation
" 25 processes, which as discussed above, ‘ofteh damage or displace electronic, electrical or
other delicate objects to be ‘encapsulated. Other advantages are reduction or
elimination of hold/pack pressure times \mthm the mold, machine downsizing and
shortening of cycle time, all of which lead to lower cost manufacturing of the
6ncé,p'sulated devices. '
30 o
EXAMPLE
An injection molding encapsulation machine known as an AllRounder 66 ton

320C (available from Arburg, Inc., Newington, CT, USA) was reirofitted with an SCF



encapsul ated in a mcrocellular foanmed material. Preferably, the

m crocel lular foaned material has a nuclei density great Becémber 2009
cells/cnmB with a fuIIy grown cell size less than 104m l\/brayg}referabl
the mi cr ocRP%PEB4f oaned naterial has A nuclei density bePGBUSOHIM 1015
cells/cnB with a fuIIy grown cel | size between 0 1-1 m 20 Advantages

“achieved b I tiLon ar 03|ty of the
supercriti all?3 ??ﬁ?é pac %#%%5@ $]3|'S§ﬁm gaglaﬁ?'?lS r‘irffneﬂeﬁzuct ac kagi ng
mat eri al aMmeachhdees)e bynenﬂﬁhiﬁelwxg us&] lo@BipsiRid wb@ﬁﬂ)@iﬁﬂdﬁ@%:@é‘tﬂ@ ower
I nj ection such, this invention solves the problemof high

nel t terrpesglﬁggzal;’raﬁ@s’fﬂe F’gﬁlr‘h}g%ﬁtldé ANegrass andecompamb WV ilsiigtonxi st i ng
~injection fRidiRg; %ﬁlegg‘%hoéﬁgggﬁ%&%@%g%%m| ch as di scussed above,

of ten damage or disp ace ot her delicate objects

to be eficapsul aFedy fiGe (¥5) vadudosibgede afapufaetitted tHerefdin with e sdpatie Of
“hol d/ pack Fressure tipes within the nold, machi.ne downsizi ng and shortening

of cycle tPrgessspirunsy maisof ifiseni(15) coids aaeh. Additiorallys tealva (IRhwernd he
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T Ao i R Sl L
1o encapsubioht WRWESkAQ] llaﬁeléjﬁﬁ V\?&ngraﬁﬁe ifshw é%@@g%o} A g%s E 1. du

Pont de Nenours and Conpany, | m’ngt on, avvare rogen as
the super caid imya¢didtelyi after enpapsnldtione The Hpe mwmsltama leselimneedimeiy hﬁeﬁ ur ed

therefromw th three separate rogess set nlots of .fifteen (15)
¢oi'l s each®™ tl% g‘ﬁﬁmeg?m?mﬁ % Vﬁ)’ﬁ‘ﬁﬁf"?"cﬁftﬁ% C%rt@nﬁgﬁcha%ﬁgFed using -
a_ standar denoapméted)ﬁroﬂ@d@&m’tepbélﬁgﬁaeﬁéd frofPibilld. HERRRRRY ated materi al
wei ght reductions in the test coils were observed from approximately 5%to

- 27% when cegfedicadly wimepsimerigiithelempatatipe of trequickagieg plastic was made
' 15 shortly after the encapsulated coil was released from the mold, as a confirmation of -

the resistance measurements. The nominal melt temperature of the thermoplastic was
maintained constant by maintaining constant barrel and nozzle temperature settings on
the machine throughout the experiment.
_ Wound coils manufactured using the retrofitted machine demonstrated a
20  reduction in rise of resistance levels and hence a reduction in coil temperature rise,
compared to the rise of resistance levels observed in wound coils using a conventional
injection molding encapsulation process. This was confirmed with a lower plastic
encapsulation temperature as well. = -
_ The average resistance of the test coils made ﬁsing the retrofitted machine was
; 25  about 4.7 ohms before encapsulation, and about 4.7 ohms (range 4.4 to 5.1 ohms)
. after encapsulation, d'epending' on the process setup. The plastic packaging
temperature ranged between 130 F to 135 F, depending on the process setup. In
contrast, the average resistance of the control coils was about 4.7 ohms before
: cﬁcapsulation, and about 5.7 ohus after eﬁcapsulation . The plastic packaging
30  temperature was observed to range between 135F and 158 F.
Injection pressure as measured by the peak hydraulic pressure required to
inject the thermoplastic at a constant ram speed of 2.5"/sec (a fill rate of 45 cc/sec)
was also observed. For the control coils a pedk injection pressure average of 1000 psi

was observed. For the test coils the peak injection pressure average was 840 psi (860



10 weight. Resistance levels (in ohns) of the coils were neasured before
encapsul ation and imedi ately after encapsul ati on. The1t Dseemirerr2864 st ance
| evel inmediately after encapsulation is well known as an indicative
neasur e Y0P W88t ore tenperature of the encapsul ated wouRETUSPY194%% er being -
rel eased fromthe mold. In adddition® periodically a -neasurenent of the
t enper atpai é &30 psth @veragdpebsnge ﬁhg@td'egeﬁmg heesshRard] gl ter the.
encapsul at ed.coi& was released fromthe nold,” as a confirmation of the

r esi st an@P¥IRERatshehentdsop My drswic iriecting nressurpwasitsed éo ofufirime drbpimopl asti ¢

was nai ' [ Y copst ant rrel ,and_nozz| e
temerat%&gygge?’%lﬁggéﬁ%&et %@mﬁg%?éﬁg&p%rcg Eh’fm,][dt‘%gwé dmpraree °&Mund coils
manuf actifteds while thetdoatrobtoiBctdeddioreadonstatigdRel rated a 20 reduction in
. rise_of resi s@ﬂc&_l evel s and hence a reduction in coil tenperature rise,
compared to tNeUP fugiyentigshashear descabed withpewesicd what isetipgsarsi | s using a
convent i @/ A j ' psyl-at i,on oce IS s _confirnmed
“Wth a I.ovvg Ferﬁfi g“é%{(:ﬂe%g%fgla}%g E@g?(lﬁg%ﬂ %é#rrl)%{roa Ut egﬁoc@éﬁt}ffeﬁqgg\%};& age

. 1 esi st arie Botdfmitdrktotths tisclosd dsentrutiiments.(Tp e oh@hOfhe it REHSRENIRRIMES 25 -
about 4.7 ohnms before_ encapsul atiaon,, and about 4.7 ohns (range 4.4 to 5.1

ohms)  4f FRYCLYATAHIHPdilicaRons aad sawvalgniaTangements droluded avithin thetspirisl ast i c
packagi R@d stEpERT b 135, .F. .dependin n the
process setup. Iﬁﬁé%%p%?éﬁjﬁﬁishgﬁ%%? géﬁ%%%?@?é%c%”@ﬁ %@7%@8&?"38 coils

was 18bodbe Wrogdeshinterprstaiion soen tapasohphiod] swhdnedifdtiods ZndEdmyadiier
encapsulgatign.. Th | astic packaging 30 tenperature was observed to range
bet ween @%ﬁ%—lm&'ﬁan%gg“ﬁ%.‘mﬁ'nj ection pressure as neasured by the peak
hydraulic pressure required to inject the thernoplastic at a constant ram .
- speed of 2.5"/sec (a fill rate of 45 cc/sec) was al so observed. For the ’
control coils a peak injection pressure average of 1000 psi was observed.
For the test coils the peak injection pressure average was 840 psi (860 11
Decenber 2004 WO 01/97584 PCT/US01/19190 8 psi to 800 psi average pressure
range)- dependi ng upon process set-up. This




approximately 15%drop in hydraulic injection pressure was used to confirm
a drop in cavity pressure within the nold. The test coitt Becaraber 2084nvl ded
with clanp force of 10 tons while the control coils needed 40 tons of
tlanp for BP9t e this invention has been described w t RCFESHERE 0 what
is at present considered to be the pr%ferred enbodi nents, it is to be
under st ood I Lon is not limted to the disclosed enbodi nents.
To the conm,ﬁwmﬁ on is intended to cover various nodifications
and equi val ent arrangenents included within the spirit and scope of the
-appended cl ains. The scope of the following clainms ts to be accorded 10 the
broadest i ht er pABiRIEFHM Mplding ensapswdalinpasecess for packagimgdit Teastatnembiecand
equi val ent ; ¥ g nd . functions. 1 cenmper 2004 WO 01/97584
PCT/ US01/ 1&%;%11%%%£%F%9@nﬁn}géﬁg% f8tion nol di ng encapsul ation
processs f or pack@gidige aincieéBstin@aetoddEagty; in mcrocel lular foaned
material, conprising the steps of 5 providing a nold having a nold cavity;
posi tioning at PesHiqnipgat least arg objactinsheampld céuifyst y;:  provi di ng a packagi ng
material; intro i L i -lhe packagi ng material under conditions
sufficient to gﬂéggﬁ%%gg%%{g%gfgﬁ%%hl fl ui d- packagi ng material solution;
10 introduci ng inhedschgt iflaid infd tetphckamd OmaRM bt vhdeddtalditoas weffikicidiot he
solution intqQq a mcrocel lular foamed material. 2. The nethod of Claim1l,
wher ei n t hEFORGR apupsTeitisy Fipd-ppekagime mpatgral sojwiog; The net hod of daim 1,
wherei gy the fl uyj ' L O} -.0) gen, ethane, ethylene,
freon-?LbZ, oxygeir?,q-og%% ﬁ%&@%@gr@é%h%%ﬁﬁd of Caim1, wherein said
- converting stepcanertmgithe solttiadnt amitroeclhdalfodmamsatedsl. are carri ed out
si nul taneously. 20 5. The nethod of Claim1, wherein said positioning step
compri ses positioning at ,

2. The method of Claim 1, wherein the fluid is a supercritical fluid.

15 3. The method of Claim 1, wherein the fluid comprises carbon dioxide, nitrogen,

éthane, ethylene, frebn—l?., OXYygen, ammonia, or water.

4, The method of Claim 1, wherein said converting step and said introducing the
solution step are carried out simultaneously.

20 '
5. The method of Claim 1, wherein said positioning step comprises positioning at

least one object completely in the mold cavity.

. 6. The method of Claim 1, wherein said positioning step comprises positionixig at

25 least oneobject partially in the mold cavity.
7. A packaged object or objects produced by the method of Claim 1.

8. An injection molding encapsulation process for packaging at least one
30 electrical or electronic component in microcellular foamed material, comprising the
steps of: |
providing a2 mold having a mold cavity;
positioning at least one electrical or electronic componeﬁt in the mold cavity;

providing a packaging material;



| east one object conpletely in the nold cavity. 6. The nethod of O aim1,
wherein said positioning step conprises positioning at 1Pbeteyabtr 24)3¢ obj ect
partial |yl e |d cavity. 7. A packaged object or objects produced by
the met ho&!d(;?lt‘%’saﬁl . 8. An injecti 8‘? nol di ng encapsul at?%ﬁug?%é@s f or
packagi ng at | east one 30 el ectrical el ectroni c conmponent in

m crocel lul ar f; . .| L Si eps. of-; provi.di a nold
havi ng a nol d Clg.f’\;l y%@@%ﬁi@%& héhelg%artegleﬁﬂeu%#eéE??@&gﬂlso%u%gﬁ%tc ronic
conponent produche sapérdritiay Fiid-packigivp diangiabsqlagdagi ng material ; 11 Decenber
2004 WD 01/97584 PCT/USO /19190 10 introducing a fluid into the packagi ng
mat eri al under %E%@%H%S@WQQ@F%WW@dGE‘ﬂB@%‘g a supercritical

f1ul d-packagi nGofplifihy e sBtith ifBia it d G RrblFadGlll! 1 0N TNt the mol d
cavity; and converting the solution 1nto a W erocal T ular foamed material .
5 9. The nethod of (A aim8, wherein the fluid is a supercritical fluid. 10.
The net hog of ali meég, rein the fluid conprises._carhon dioxide,

ni trogen, - et hatwe mehed pldrlaim p, wagrenothe diidis g supsremfgal g water. 10 11.

- The nethod of Claim8, wherein said converting step and said introducing
the solution step are carried out sinultaneously. 12. The nethod of Claim
8, wher ei A0sai heasdéthodof Clgins 8 cwhereimihe flekl qagiristocirben dioxideSnibeged, one

el ectrical ,or el e(itrogl_i C EB onent conﬁl etelag in the nold cavity. 13. The
met hod of CEIRPHIEYIeRG, Hedh-I2 LY EeTh SOIRPNA W& ep conpri ses positioning at

| east jgne el ectrical or efectronic conponent partially in the nold cavity.
20 14. A packaged electrical or electronic conponent produced by the nethod.

of d ai m&. e method of Claim 8, wherein said converting step and said introducing the

~ solution step are carried out simultaneously.

12.  The method of Claim 8, wherein said positioning step comprises positioning at

15 least one elecirical or electronic component completely in the mold cavity.

13.  The method of Claim 8, wherein said positioning step comprises positioning at

least one electrical or electronic component partially in the mold cavity.

20 14. A packaged electrical or electronic component produced by the method of
Claim 8.



