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Eur asi an Packaging or encapsulatlon of ob_] ects using thermoset or thermoplastic
| ‘10 materials is commonly used in the electronic and electrical industries to package
o components such as wire coils; printed circuits whether rigid, flexible, lead-frame, or
molded interbonn_ect device based; semiconductor devices; electrical power cells; and
“conductive leads or Wﬁes within molded shell parts. As used herein, "packaging" or
"encapsulation" are used interchangeably and are identical in meaning to terms such
15  as "overmolding" or "insert molding" as understood by one of ordinary skill in the art.
Téc]':mical.difﬁcuity (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 performance
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 attractive. _
- It is desirable, therefore, to have injectiqn molding encapsulation processes
| capable of packaging objects under low temperature and pressure conditions, so as to

30  prevent damage to the objects to be encapsﬁlated.
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t her mopl qr?t{‘ddﬁcing 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 solution into a microcellular foamed material.

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.



- 10 materials is comonly used in the electronic and electrical industries
to package conponents such as wire coils; printed circti DscethbeertZ®04ri gi d,
flexible, lead-frame, or nolded interconnect device based; sem conductor
devices; electrical power cells; and conductive |eads or wires within
mol ded shell parts. As used herein, "p&ckaging" or "encapsulation" are
used i nterchangeably and are identical in neaning to ternms such 15 as
"overnol di ng" or "insert nolding" as understood by one of ordinary skill in
- the art. Technical difficult desi gn erf ormance, manufacturing),
. .econom ¢ tradeopﬁT?@ﬁﬁEhPﬁﬁcﬁi%ﬁﬁﬂi iR%é%Eﬁﬁﬁﬂ?ﬁﬁﬁ%QDD%BEMS tinme, nachine
cost), and sy el : eratiens, -and.total system
~ costing) all ?Eﬁ???@g@@g@%k¥ﬁg5ﬁ§§ﬁ9@§§# %ﬁgg%%ogﬁgFggmg?m%ﬁg 8§ulation
‘mat eri al .deboribgé ndthadefergice enFimual . Bigufeol aswngﬂlﬁ%e tigillaeied dlethb@s:,
encapsul ati on proc sSef using injection nolding with thernoplastic
materi al s of f €s tﬁ’é”ﬁ YHsstevppbrtRaveniianal mirstion moldimg dgvisat est economi ¢
~benefits. Injjgcting.b@l ding processes typically are carried out under -
condi ti ons of]thh nmol di ng tenperatures and high injection pressures.
Unf ort unat el y,12suchoegler ati ng ‘conditi ons often cause danmage to el ectronic
or eIectriCallgonp%ﬂﬁgts r delicate 25 objects to be packaged. :
Consequent | y, “thi s *¥eHHsY a | oss in performance and process - productivity
‘or process faljlg- outpanikyi ch i-n turn makes injection nol ding encapsul ation
" processes | ess econoncally attractive. It iis desirable, therefore, to have
_injection nol ddsng emaldpsul ati on processes capabl e of packagi ng objects
© under Iom1teng%ratu e ﬁgﬁ pressure conditions, so as to 30 prevent danmage
to the objects’to BH%N¥apsul ated. 11 Decenber 2004 2 SUMMARY OF | NVENTI ON
A first aspectj7of thdRa@sent invention provides an injection notding
-encapsul ation process for packagi ng at |east one object in mcrocellular
f oaned ndnedditipn tomwask 1 Ssindpbidnt(sk i 6 iBgures 2 mid¥ exiémplify thefadlodng ng a nol d
. cavity; pﬁ;it'gning at | east one object in the nold cavity; providing a
--packagin& s i al ; introducing a fluid into the packagi ng material under
“conditions suﬁ@ici%ﬂndbgﬁﬁyoduce a supercritical fluid-packaging materi al
~solution; introducing thé .solution into the nold cavity; and converting
the sol ution ilft o &omplatdy ehdapkulntell objeeti(Figme 8y i al . A second aspect of the
present inventj.on provi.des an Jinj.ection.noldjing encapsul ation process for
packagi ng at P ast %S‘ﬁ@hlgleg‘éﬁpﬁ?lé@fio iecg&é%‘{riagki c conponent in mcrocellular
foamed nmaterial, conprising the steps of providing a nold having a nold
cavity; positioning at |east one electrical or electronic conponent in the
nmol-d cavity;. providing a packaging material; introducing a fluid into the
- packagi ng material under conditions sufficient to produce a



supercritical fluid-packaging material solution; introducing the solution
into the nold cavity; and converting the sol ution into1abecenbeeidoydl ar
foaned material. A third aspect of the present invention provides a
packaged oBPHP7BF obj ects produced bg the first aspect. PCTESIVIPI¢spect
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D e e B S o R R e 15 sl Sy, trbalommets, ¥
: 10 motors, torroids, relays, ignition coils), a printed circuit whether rigid, flexible, lead-
frame, or molded interconnect device based (e.g., for sensors, controllefs, regulators,
) computer peripheral boards, central processing units), a semiconductor device (e.g.,
for active, passive, and custom integrated circuits), an electrical power cell {e.g., for
battery packs), or an interconnect device, conductive lead or wire, within molded shell
15 parts (e.g., forr electrical connection within a molded thermoplastic part). |
- Referring to Figure 1, object(s) 16 may be suppbrted directly on mold surface
'17, and/or supported from the mold surface 17 by tabs (not shown) protruding from
object(s) 16, and/or supported by one or more support protrusions (nét sho@) 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
L - tooneofordinary 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 3 Referring to Figures. 1-3, an object or
objects 16 to be encapsulated is placed inside a nold 1%Danembarz®os
speC|f|caI I(}/ a nold cavity 18 (see Figures 2 and 3). The nold cavity 18 is
the area”@""B4mol d 15 into which the nol ten material i FANYBHREYRo0 1 ow
and fall. A Any conventlonal mol d usdd in I nj ection nol di ng processes may
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.tabs {§ notysike ﬂgl“?]gmhh Q‘P@/ or supported by one or

nore support pr t1 sions (nhot sho ieﬁs% ([I%Dq cavity(s) (not shown in
Figure 1, 18 iAnhdfipgut4pRyvideStphertarmpt atd wsiwoofa éonventatl mfectioh d cavi t y(s)

“may be stati.onary. or noveabl e. Myveable su port protrusmns are espemally,
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portion ?faclédgﬁlg%ht@ﬁél(@ ly'ﬁ&neéd ﬁ%ﬁ@f&ﬂ%‘i‘séﬁ@eglé%oqfk Pa%g} [sions are
wel | -known to one of inafy skill 1n the art ] ect (rsg may be pl aced
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is desirabl e articul arl or wireless communication devices or when it is

useful t &olyRBNAeLS. aﬁlya@gct%@mmawéq" ﬁ@@mﬁ@elypmdm@ungols@almmﬂest he obj ect

f th i ul at ticularl
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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).



WO 01/97584 PCT/USO1/19190 4 Figure 2 displays the nold 15, nold cavity
18, and the resulting conpletely encapsul ated object 191 Dabembgeaztiidgi ng an
- object 16 which has been positioned conpletely within the nold cavity 18.
‘Fi gure 3 dwod&gyIsit he nold 15, nold cavity 18, and the reBOTUBHGEMMrtial ly
encapsul at ed obj ect 20, when packagi ngSan object 16 which 5 has been
positioned partially within the npld cavity 18. Referr ure 1, a
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10 required t o’ SABGINe By REPEoth§ it AL P Biade AR sch
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Decenbed 20846,053; U.S. Patent No. 6,005,013; and U.S. Patent No. 6,051,174, each of which

is hereby incorporated by reference.
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Typically, retrofit 11 will extenci 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



WO 01/ 97584‘ PCT/ US01/ 19190 5 The fluid supply 13 preferably supplies a
supercritical fluid into retrofit 11. Fluid supply 13 trhpetsmberdoDied
according to techniques readily known to one of ordindry skill in the art
to produce™® ¥e¥critical fluid for introduction into ret rRSFHYS0119190
Alternatively, fluid supply 13 may supﬁl y a fluid, preferably gas, into
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Pat ent {No. 5, 15 - | . 1J.S . Patent No. .20
5. 866, olgg; U S. q\@‘i‘??ﬁtﬁ@"?g?‘éﬁ%ﬁF@%ﬁW%ﬂ%ﬁ@%@f@fiwﬁw&: each
of which iagdhfueebssatyprensme; stfficicitio hibetenttorodaliniL dbdrved feterialftot 11 Wil |

extend the screw and barrel, region of a conventional _injection nolding
~ device 10 tSBﬁ‘iE‘%é PH&%“’&&E‘PY%‘#&YR mald {3- o haesaipmp sraiyrepndprossureeaditionk ng

el enent s, S}Hﬁ*ﬁeﬁéldfﬂpbh'@l&b ﬁcﬁgﬁﬁ%gﬁ{&gﬁ%%i?%%éd%m&ﬁe%ﬁgﬁgﬁQg OnedgiSi gned to |

25 effect greater blending of ™t g materi e supercritical
fluid. Retopdipary skill imdlye ait.so i ncl ude a diffusion region in which-.the

. m xture.of packaging.materi.gl and supercritical fluid forns a '
super c‘r?l-lst i cgl f ?@F&ﬂ%lﬁikgaf% a%ﬁYfé?rP SS%F&?P@’(‘?Ft(ﬂrléftg? Syeel n a single
_phase. Thr et tell @4 & @fiblocdlfularGBRh&H inA@raD bt A0S tﬁ@ﬁ;%rgcé?ﬁlaﬁmi ntai ned at

sufficient 3 ressures and tenperatures to ?reventBt e supercritical
fluid fr omf@@wimatﬁgalﬂm R nuelehdengity greatse theni 107 cells/at avish a Tully sroparcelli t i cal

R SR e e i LA S M et A R
the ol d cauhdity bbileen/to' L1 BHRPEAT bith 63y bidod RACKAGI MRS £ gh, so! ution
: 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



11 Decenber 2004 WO 01/97584 PCT/US01/19190 6 retrofit 11, particularly
t hrough nozzle 12, the resulting drop in pressure creat&sDacembardofdynam c
instability in the solution, thereby inducing cell nucleation and causing
t he sol ut i%’ﬂ“ﬁ@htsiﬁr ninto a microcellular foamed material . PEHUSIKMY

nozzl e designs for achieving suf fi ci eht pressure drops are well-known in

‘the art. P X £ 2.1s,a It ve.sh of f...desi gn.. Chan eé
in tenper aF%Iip EF gghgaélll?s?lgdggls{ P‘gg&qoﬁ Slisﬁ%éivﬁgg@ﬁgi%ﬁws =i %8 léfﬂi'gl ity. Fgr
exanpl e, aMdshiehesrtts)ofTHedhdchivetwab bised fo oiiBabsiRite #8Hhd eils@ising OFR¢ldyy the
tenperatureg to initiate a controlled cell nucleation process, while still
nai nt ai ni ngKﬁﬂ%(ﬁﬁ@%‘tﬂEﬁéﬂhﬁ- Lsdy Pont idg Nampurs gl Cewpiny, Wilpingtoant f oani ng on

- a wde-sc wans 10 ' tantly nmold cavity 18 is
mai nt ai nediﬁ)laetf:?1 a t’gjr?p@r g?’%é‘)lélgoéé:ahn%qﬂ? E%gcé{ssdzgf@ﬁlg‘r es>s/ur e, suffi ciyent to

al |l ow the m cr oBetty five(45) oaed coititvedre dlantifactifed thetdiom with Miret sepagi®val from
-nold 15. These teanerature and pressure conditions wll depend upon the
packagi ng FRCESSiSgrunselgts o &dieemd Sh r@lsgark. Additipnally, bredveoflZbwanndiry ski | |
-in the art gq; L6 i ject(s) 16

t hat' has b%%%%%ﬁg’é’%gg‘i‘?%’?%“ﬁ astm cr%%&\éﬁaﬁg% q@%%ﬁ%ﬁ%’a@%ﬁ%ﬁ#&m ef erably,
.t he ni cr ocEh¢apbalated immeradl webgherddadtidna $n theret lcoils Weresibssrved faimer t han 109

cells/cnB with .a | Ly, ar. ell size less than 104m More preferably,
‘the mecr oc@‘i‘ﬂr?ﬁlgiﬂw%s& zﬁrgcn@ﬁ‘? Ommﬁ%éieéonﬁﬂh%ﬁﬁs}ll%ﬁ%éﬁﬂlo12_10 15
cel | s/ ¢aB Weidht. @ Rbsiblafo IR Bhrhs) X F2Re i lﬁ%y es

achi eved by fg_?oces_ses of thi(s i nv??t i on%frs\y%gg%gégé%gﬁoge\%g osglii}{ﬁ%g of the
supercri t i aud infrredigtelyadicnencapsubadioer Tht risolnutesistancokperiathddmtdlpaftpackagi ng
mat.eri al alone, ,ther.eb esulting.i.n J.ower nelt_tenperatures and | ower
inj'ection enpclagsgzé%progigg “yﬁg_ﬁ{?ﬁ%,as_ SICP VPO g%tﬁl@ggrettﬁ@i’?ﬁ’%q ‘é’icijﬁth hi gh
melt t ?Wpeé@bphfxﬁ}ﬁecﬁ%un@d:cﬁhaﬂeﬁbéﬁ%té]éhs@dl RORHINE I A@ PR, €xi Sti ng

i njection nolding encapsul ati on 25 processes, which as di scussed above,

~of ten dameB@iogically gpnesserenreialtnicmpersiuse of theglackagingplhsic weinadet e obj ect s

" to be enc ' tages are reduction or elimnatiop of

hol d/ pgégka%:?bgﬁsg%i?%@%n%gﬁ%ﬁ?#% he rﬁ%ﬁﬁ@%ﬁ?ﬁ?%%@?ﬁaﬁ 0ghorteni ng
of cycle tilgeesisthrice dfcasdiembnts. CRE Hothihd\Wadlt 1RPeraiies of ffe!théridglthic e
encapsul at ed, devi ces. 30 EXAMPLE An injection_nol ding encapsul ation

rachi ne knB#REReAonRRHy FRaBemERe eanftagbbrrrel and npzale mipemrAsHtings on nc.
New ngt on, sCThachi@kndashduf iHeUipdrddicheM th an SCF

_ 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



11 Decenber 2004 WO 01/97584 PCT/US01/19190 7 (Super Critical Fluid) TR10
5000G System (avail able from Trexel, Inc., Whburn, MaststDhosehbdr004The
machi ne_was used to encapsul ate wound coils using Crasti n%) SK605

(avai | aBY@MABRE E. 1. du Pont de Nenpurs and Conpany, W PHTV§PHH190

Del awar e, USA) using nitrogen as thessupercri tical fluid. Forty five (45)

wound copdi so 8@ i BveTafETetiREabhOrRb ERIMPihdh bREES é@gﬁ.r i€ process
set-ups, in lots_of of;‘{'rfte_en (15). (_:%?I S e%wclzllsﬁ. 1?A\ddi tison Ilrf%setmel ve (12)
wound cHPFEURarl hahdreriodpdepulisimgetionnrassiee was wied ¢¢ canfirmod dopdn pr ocess

as a co : F: ight,reductiions in the test coils
wer e obgeéiﬂri/giégmfs 5@%@9@%@%}%@ %&H?gﬁékegt/g% %b‘t%mﬂfdég% rc(iﬂnK’/\,P‘lrFF? e control
encapsul i teds whiletliealonkd] owils glotdedRBLAS @Msl@mpe¥ebs (i n ohnms) of the coils

. Wer e _measur edwgﬁf re. encapsul ation and_ inmediately after encapsul ation.
The rise in rBoPs s tyepaemhas hep dessribed withrespectdn sdiptisiaapiesenti s wel | known

as an i ngnsak : t rat ur f encapsul at ed wound
- coil af t_erﬁgéeﬂe%g?%?%gggfgﬂg?%%% ee’?rltosrggP nb%a"(‘fé%fs? Ogﬁ{,}*ﬁﬂb% votH%al Iy a

. - measur-depeitlimited todh¢ displesat emtdiheith TpRekagirny, teaSlchfoNRSniEads 15
shortly after the. en&&gsul ated coil was released fromthe nold, as a

conf i r ma? FOFESAICT RO IICHIqNS dad cquNalgpicarangements anokester wethimhetspirisnper at ur e
of the tihgrpaelFshd AR By i:nt.ai ni,ng _const ant
barrel and Flagjzézl e tipr?p%g?%ﬁ ure ég%l%llg\%ggggﬁ}eafp?%g&% g%uﬁ] 1%*@?#’83’5%?5@? t he
expéePi néhe brogdashinterpietaiomesows de encostpassilhgnchrodifitdtiohs ki®ehuiRgditne

denonstr _:{at% 20.reduction in rise of resistance | evels and hence a
reductionin c&slan?gfﬁf B¥ure rise, conpared to the rise of resistance

| evel s observed in wound coils using a conventional injection nolding
- encapsul ati on process. This was confirmed with a [ower plastic _
encapsul ation tenperature as well, The average resistance of the test coils

- made using the retrofitted machine was 25 about 4.7 ohns before

encapsul ation, and about 4.7 ohnms (range 4.4 to- 5.1 ohns) after
encapsul ati on, dependi ng on the process setup. The plastic packagi ng
_tenperature 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
ohnms before encapsul ation, and about 5.7 ohnms after encapsulation . The
pl-asti c packaging 30 tenperature was observed to range between 135 F and
158 F. Injection 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 also observed. For the control coils a peak
i njection 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/ 191901 Becgrsbert2®0800 psi
average pressure range) dependi ng upon process set-up. This approximtely
15% drop iWOAYAFEbIic injection pressure was used to confi PET/ASHYERG n
cavity pressure within the nold. The t®st coils could be rolded with cl anp
force of i _control coils needed 40 tons of clanp force. 5
VWi | e thi s%@ﬁsimbESEn described with respect to what is at present
considered to be the preferred enbodinents, it is to be understood that the

invention is not limted to the disclosed enbodinents. To the contrary,
the invent fon i dnipyeetiniemolding ensepsulationi pyocessifud phékaginigan teasinmheebidcy al ent
arrangenen i ' ithin the spirit and scope of the appended cl ai ns.
The scope o§ {"E‘geﬁ‘gﬁ%‘%}g& %?té?aﬁtcﬁ%pl?%n%@eﬁ&e@%Pged 10 the broadest
interpretation poviakng & rRICBNHRES nivld c h nodi fications and equival ent
formul ations and functions. 11 Decenber 2004 WO 01/97584 PCT/US01/ 19190 9
WHAT |'S CLAI MEDP9ssioning atdeash per-ehiest indheanald caviteipsul ati on process for
packagi ng at le ;,-ﬁlg%e el .. crocel lular foamed material, conprising
the steps of 5 %?o{n %ggdé{g%fgéﬁ%%@hg a nold cavity; positioning at |east
on](cal objd ect in Limﬁ:odmt(iﬂgaﬂmidwo m@mﬁm&eﬁ?mama@?emﬁﬁedm rodugi ng
a uid into.the packagi ng materjal under conditions sufficient to produce
a super cri Proguge 3 “@P@%ﬁ %Hﬂﬂﬁ@ckwm&qeﬂéloﬂoh{qoﬁh; 10 i ntroduci ng the

sol utigp i nto tHeARbH BRI | he solution into a

m crocel | ul ar foar?ed n%t'eri al ?@Mw‘-ﬂ%&%“fﬁ#ﬁ%}ﬁo aim1, wherein the fluid

. i's a supercriticaiveftingithe salstid inlhemiebbabilaffoszhal mutésialwherein the fluid
conprises carbon dioxide, nitrogen, ethane, ethylene, freon-12, oxygen,
ammoni a, or water. 4. The nmethod of Claim1, wherein said converting step

and sai d ift r odykd MG CIahL, valkrSh R MK ISR igitaugh mul taneously. 20
5. The method of Caim1l, wherein gai d posi tlélzoﬁi{ﬂr?gglg?gpﬂ%%npri ses

posi tioning at

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.





