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The present invention rel ates o@e gy 12‘(:” i ces cohpr?fs ﬁg ‘diet'ectric
foamed pol ynmers and the proce§s F POty g the devi cgszABackgrgund

of the Invention There is a coftinuing egit&/An the el ectronics i ndustry
to increase the circuit density in electronic conponents, e.g., circuit
boards, multichip nodule chip test devikes, and the like without degr adi ng
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goals is to reduce the dielectric constant of the polyneric insulator used
in the conponents. A nethod for reducing the dielectric constant of a

pol yneric insulator is to foam t hdeghnigadField h air-filled pores. A prior
art process of making polyneric foans involves dispersing thermally
deconposabl e Phetpresexst inventiorrelates tor actironic devices eomprising digleet#is t hen
heated to cause pol ynerization and thernal deconposition of the particles

to formfaffed pdlyenéidSand RRE ProfesdsFor mBRiBetuing IR eNddvibsy. esin.
Unfortunately, the process résults in nonuniformdistribution of pores

Back nd of the Invention

There is a continuing desire in the electronics industry to increase the
circuit density in 'electronic components, €.g., circuit boards, multichip module
chip test devices, and the like without degrading electrical performance (e.g.,
crosstalk) and also to increase the speed of signal propagation in these.
components. One method of accomplishing these goals is to reduce the

~ dielectric cc;nstant of the polymeric _insulator used in the components. A
method for reducing the diélectric constant of a polymeric insulator is to foam
the polymer with air-filled pores. |

A prior art procéss of making polymeric foams involves dispersing
thermally decomposable particles in the rﬁonomer reactiqn mixture. The
mixture is then heated to cause polymeriiation and thermal decompositidn of |
the particles to form a gas. The gas expansion forms pores in the polymer
resin. Unfortunately, the process results in nonuniform distribution of pores

throughout the bulk and also in nonuniform pore sizes. This results in -



t/hroughout the bul k and al so in nonuniformpore sizes. This results in

2

.unaccept abl e variations of the dielectric constant throughout jThebutk—of

the polyneric resin. It is therefore an object of the present [iTFfePEEDHASHBEEN

provide an inproved foamed dielectric polyner for use in el ect]r oni 85°LACED

conponents. CQther objects and advantages will become apparent fromthe
foll ow ng disclosure. Summary of the I nvetiti on Accor di ng to one aspect of

the pres | i . ' oYy L eml c or
i st F1 bufracttaBle PRHERE of thé' PR RY oo b ShEN MO A UL BrliChr e
di el ectric foaned thernoset cross-|inked polyner having an el ectrical
ci rcui t, PPHTERG B pol yner forned by the step of: (a) polymerizing a
solution of cross-linkable precursor in a solvent; (b) gelling the polyner
during phase Heisatherefome s ebjectof thenpresemt ipventionvtel prpvide ancimpravedr om
t he polyner. According to another aspect of the invention there is
di scl osefbamed dislectrivf polgiierdfofuse in electronic components.

Other objects and advantages will become apparent from the following

disclosure.

§umm. ary of the invention

The present invention relates to an electronic device for carrying
electrical current to electrorﬁc components comprising a dielectric foamed
thermoset polymer having an electrical circuit; Thé polymer is foamed by the
steps of: (a) polymeﬁzing a solution of a crosslinkable precursor (monomer or
oligomer) in a solvent, (b) crosslinking (gelling)' the polymer during phase
separation of the solvent, and (c) removing the‘solvent to fofm the foamed
crosslinked polymer. A preferred polymer is a polycyanurate. Preferfed
electronic devices include'an integrated circuit chip test pfobe and pinless
connector for packaging.

A more thorbugh disclosure of the present invention is presented in the

detailed description and the drawings.
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gl ectrical device having a first and second surface and conprising a foaned
cross-linked polymer and a plurality of electrically conducting wres
extendi ng through the polyner fromthe first to the second surface of the
el ectrical device, the process conprising the steps of: (a) disposing a
solution of cross-linkable precursor in a solvent around a plurality of

el ectrically conducting wres; (b) polyserizing the solution; (c) gelling

t he pol yner during phase s araBion_of, the solyent; and (d) renoving the
sol vent fromthe foaned po&lMl devi ce. 3 Bri ef
Description of the Drawing Fig. 1 is a schematic diagramof a probe test
struct ure enmb¥ig.nkis acichematyd diagram of aprobe test strechmesembodiment bbHn.
Figs. 2-4 show the process for naking the probe test structure. Fig. 5is a
cr oss- sethe eleetronie devicet dfethiel prlegent fivmeiver enbodi nent  of

Figs. 2-4 show the process for making the probe test structure.

Fig. 5 is a cross-sectional view of the pinless connector embodiment of

the electronic device of the present invention.

Detailed Description of the Invention

The present invention relates to an electronic device for distributing
electrical signals between electronic elements comprising a dielectric foamed
thermoset polymer having a plurality of electrical circuits. The foamed
polymer has small air bubbles uﬁiform]y distribufed throughout the
continuous polymer bulk. |

Referring to Fig. 1, there is shown one embodiment, a test probe, of an
electronic device of the present invention. The test probe geﬁerally comprises
probe head 10 having a plurality of elongated electrically conducting wires 20
embedded in a dielectric foamed thermoset polymer 22. The wires 20 have
free ends for probing contact locations on a circuit, such as C4 solder balls or
aluminum pads, on integrated circuit chips 24 of wafer 26. However, the
‘probe can be used to test other electronic devices. The opposite ends of
elongated eleétrical wires 20 are in electrical cc-mtact with space transformer

(or fan-out substrate) 28. In the preferred embodiment, space transformer 28



t.he el ectronic device of the present invention. Detailed Description of the
I nvention The present invention relates to an el ectronic device for
distributing electrical signals between electronic elenments conprising a

di el ectric foaned thernoset polyner having a plurality of electrical
circuits. The foaned polyner has small air bubbles uniformy distributed

t hr oughout the continuous pol ymer bul k4 Referring to Fig. 1, there is shown

one enbodi ment,. ..a t.est probe, .of an el ectronic devic f .t he present

Mvent | o & suee Tetlicerai snbStrate podtints e Falloelyer Rttt
plurality of elongated electrically conducting wires 20 enbedded in a

di el ect r9rca mstmted einatitboard yohighds typicallycusgd as aypackaging substrate oo
probi ng contact |ocations on a circuit, such as C4 solder balls or alum num

pads, onintegwadedtoirtuit cluipst SpaqestraAsfrmwnf 28 ha, indthe preferréd probe can be
used to test other electronic devices. The opposite ends of el ongated
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preferably polymer films such as polyimide, and a plurality of layers of
_ electrical conductors, for example, copper conductors. A process for fabricating
a multilayer structure to form a space transformgr 28 is described in
U.S. Patent Application Serial No. 07/695,368, filed on. May 3, 1991, entitled
"Multi-layer Thin Film Structure and Parallel Processing Method for
Fabricating Same", which is assigned to the assignee of the present invention,
the teaching of which is incorporated herein by refefence. | Space
transformer 28 has a plurality of‘ pins 34. Pins 34 are standard pins used on
integrated circuit chip packagin'ig substrates. Pins 34 are inserted into
socket 36 or plated through-holés in the subsfrate of a second space
transformer 38. Socket 36 is a type of pin grid array (PGA) socket such as is
commonly disposed on a printed circuit board of an electronic computer f“or
receiving pins from a pabkaging_substrate. Second space transformer 38 can
be any second level intég'rated circuit packaging substrate, for example, a
standérd printed circuit board. On the opposite surface of transformer 38
there are disposed a plurality of electrical connectors to which coaxial

. cables 42 are electrically connected. Alternatively, socket 36 can be a zero

insertion force (ZIF) connector or the socket 36 can be replaced by



LS a multilevel netal/ceram c substrate, a nultilevel netal/polyner
substrate, or a printed circuit board which is typically used as a
packagi ng substrate for integrated circuit chips. Space transforner 28 has,
in the preferred enbodi nent, a surface |ayer 30 conprising a plurality of
thin dielectric filns, preferably polymer filnms such as polyimde, and a
plurality of layers of electrical conductérs, for exanple, copper

conduct of,s. A ess for, fabricatiJtyg mul t |l ayer strucfure to forma
space 1 r drcgHRheTes R e raBsoraipr ¥ wheterm, thé tirgsia-Baletiaed, ol "o

07/ 695, 368, filed on May 3, 1991, entitled "Multi-layer Thin Film Structure
and Par atlestrically eendwefivemateripb sureawndingithg sidewallsysnel asa platedned t o
t he assignee of the present invention, the teaching of which is ,

i ncor por threaighehelen by ref erence. Space transformer 28 has a plurality of
pins 34. Pins 34 are standard pins used on integrated circuit chip

packagi ng  subgphaé tFandfbrtic9835 held I8 P18k WAt réSsdctitoHpare Pl at ed
t hrough-holes in the substrate of a second space transformer 38. Socket 36
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ackagi ng suhstrate. Second spac nsforner, .38 can
P g gecon space transiormers I2\re %etlé ?n place with respect to wafer 26 by

assembly holder 46, which is part of an integrated circuit testing tool.
Referring to Figs. 2-4, there is shown a convenient fabrication process
for the test probe head embodiment of the present invention. The substrate 50
of a space _transformer having contact pads 52 thereon is placed m a wire
bonding tool. The top surface of pad 52 is coated by a method such as
evaporatibn, sputtering, or plating with soft gold or nickel/gold (Ni/Au) to
provide a suitable surface for thermosonic ball bonding. Other bonding
techniqués can be used such as thermal compression bonding, ultrasonic
bonding, laser bonding, and the like. A commonly-used aufomatic wire
bonder 56 is modified to ball bond gold, gold alloy, copper, copper alloy, :
aluminum, platinum, nickel, or palladiuxﬁ wires 54 to the pad 52. The wire
preferably has a diameter of lless than 0.005 inches. If a metal other than Au
is used, a thin passivation metal such as Au, Cr, Co, Ni, or Pd can be coaf.ed
over the wire by means of electroplating, or electroless plating, sputtering,
e-beam evaporation, or ariy other coating techniques known in the _industry.

The bonder 56 has a wire 58 being fed from a reservoir of wire as in a



be any second level integrated circuit packaging substrate, for exanple, a
standard printed circuit board. On the opposite surface of transforner 38
there are disposed a plurality of electrical connectors to which coaxi al
cabl es 42 are electrically connected. Alternatively, socket 36 can be a
zero insertion force (ZIF) connector or the socket 36 can be replaced by

5 through-holes in the transforner 38 wherein the t hr ough- hol es have

el ectrically condyctive mat.erial surroupdin he sidewal |l s, _suych as a

pl at ed tFFP%YRj?F ewirg PEARPASAHS- 38@@8%@%%5%@ ﬁét‘ﬁ coptagtct to
space transformer 38 by L-shaped clanp 44. The entire assenbly of the first
and secowitls phe surfasesifa padH2ir Anhelectrical plischearget fromeapelectrodevat dhe26 by

'assenb!y hol der 46, which is part of an integrated circuit testing tool.
Ref er r i ngage® of boader 56, isturidetol melthdertd o6 hkié RiigBtortalpyad 82 on process for

the test probe head enbodi nent of the present invention. The substrate 50

Fig. 3 shows the bonder 56 withdrawn from the surface of substrate 50
and the wire 58 drawn out to leave wire 59 connected to a pad 52. lThe
wire 59 is positioned at an angle, preferably between 5-60 degrees from
vertical, and then mechanically notched (or nicked) by knife edge 60. The
knife edge 60 is actuated, the wire 58 is ciamped, and the bonder 56 is raised.
The wire is pulled up and breaks at the notch or nick. |

Optionally, a ball can be formed on the end of the wire using a laser or
electrical discharée to melt the end of the wire. Techniques for this are
commonly known in the art. A éplit-beam laser delivery system is used to
localize the laser energy to a single wire for forming the ball._ This minimizes
the laser energy absorbed Ey adjacent wires that could cause the wires to
deform.

Referring to Fig. 4, after the wire bonding process is completed, a
casting mold 62 is placed on the surface of the substrate 50. A controlled
volume of a low-viscosity solution 64 of one or more crosslinkable precursors in
a solvent is disposed into the casting mold and allowed to settle out (flow
between the fine wires without disrupting the wires until the surface is level)..

The liquid solution 64 comprises crosslinkable precﬁrsor(s) (monomer or

oligomer) dissolved in a solvent. Suitable crosslinkable precursors include



of a space transfornmer having contact pads 52 thereon is placed in a wire
bondi hg tool. The top surface of pad 52 is coated by a nethod such as
evaporation, sputtering, or plating with soft gold or nickel/gold (Ni/Au)
to provide a suitable surface for thernmosonic ball bonding. O her bonding

t echni ques can be used such as thermal conpression bonding, ultrasonic
bondi ng, | aser bonding, and the |ike. AZomonly-used automatic w re bonder

56 is nmodified to ball. bond gald, gold alloy, copper,_copper alloy,

2l umi nunPAgRomRerR AR r?h@?&?rso%‘b‘é?&é FsRL pOeTS foRdhs prabe hedd v r e
preferably has a dianeter of |ess than 0.005 inches. If a netal other than
Au i s us#acludetaponypunsatunated polyesters. polydmides (ftom bismaleimadesdr can be
coated over the wire by nmeans of electroplating, or electroless plating,

sput t er i bisnaglibddes)e poheyahueatesp andrthepidoset poBihag frenhni ques known in
the industry. The bonder 56 has a wire 58 being fed froma reservoir of

\éwo[] ge?SS' I%o(%‘gﬁg%%l@f?y‘ﬂé),oﬁﬁba%ﬁﬁaﬂﬁl@d& GPRBERIhe/forthaldeRPAYS the
Other suitable thermoset polymers will be known to those skilled in the art.
The appropriate crosslinkable precursor(s).(monomer or oligomer) of the
desired thermoset polymer are dissolved in a nonpolymeric solvent, preferably
an organic solvent. Suitablé solvents have solubility parémeters (for both
polarity interactions and hydrogen bonding) which are close to the solubility
parameters of the crosslinkable precursor(s). These solubility pérameters can
be readily calculated by those skilled in the art as disclosed by Van Krevelen
et al., "Properties of Polymers, Their Estimation and. Correlation with
Chemical Structure”, Elsevier Scientific Publishing Co., 1976, the disciosuré‘ of
which is incorporated herein by reference. Preferably, the solubility
parameters of the solvent will not be close to the solubility parameters of the
thermoset polymer product to minimize solvent uptake by the product.
-Suitable solvents for epoxy boly_mer products include hexane, cyclohexane, and
carbon dioxide. Suitable solvents for pblycyanurate products include
cyclohexanes. Other suitable solvents for the process of the present invention
will be known to those skilled in the art.

The solution also may comprise a crosslinking agent to crosslink the

polymer product such as for epoxy-protonic or Lewis acids, alkaline earth



with the surface of a pad 52. An electrical discharge froman el ectrode at
the base of bonder 56 is used to nelt the end of the wire onto pad 52. Fig.
3 shows the bonder 56 withdrawn fromthe surface of substrate 50 and the
wire 58 drawn out to | eave wire 59 connected to a pad 52. The wire 59 is
positioned at an angle, preferably between 5-60 degrees fromvertical, and
then nechani cally notched (or nicked) bysknifé edge 60. The knife edge 60

is actuated, the,wire 58.i.s cl ed, and the.honder. 56 is raj.sed. The wire
S pul | edomPe P fresitiS e commriunds Ot swtable Srossliafine aants
formed on the end of the wire _using a |laser or electrical discharge to nelt
t he end ovill he kniaven todbpse alsidledf gy theart. aThe solwionymay@leo compriseart . A
split-beam | aser delivery systemis used to |localize the | aser energy to a

si ngl e wiothef comfponentg stdte abal tatalysttoréntiamceesrosbkinkisgesuenasgy absor bed
by adjacent wires that could cause the wires to deform Referring to Fig.

4, after tHaehyldil) pehagicd@88Snd anh9dPidesed. a casting mold 62 is placed
on the surface of the Substrate 50. A controlled volunme of a |l owviscosity
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the monomer/oligomer. Because the reaction mixture is a low-viscosity, stable
‘solution, the reaction solution can be injection or compression molded or cast
before or during the polymerizing step of the reaction to form the electronic
device of the present invention. If carbon dioxide or other low-l_)oiling solvents

. are utilized, the reaction mixture must be maintéined under preséure during
the polymerization and gelling step of the process such as in a glass container.
As the mélecular weight of the imlymer increases, the solvent becomes less
soluble in the polymerization medium. .Ai'; the cloud point, the solvent will
begin to phase separate from the polymerize(i product. Phase separation as
used herein shall mean physical change of a solution of two miscible liquids to
two immiscible liquids which have coalesced into two ;:ontinuous separate
phases. During the phase-separation procesé, the two immiscible liquids will
generally form a suspension prior to coalescing.

In the process, a gelation occurs during the phaée separation. Gelling

as used herein means '(I:rosslinking the polymer to change the reaction medium
from a liquid to a gel which is elastic, does no£ flow, and does not permit

bubbles of gas to rise in its bulk. Gelation of the polymer during phase



hetween the fine wires wi thout disrupting the wires until the surface is
I'evel §. The liquid solution 64 conprises crosslinkabl e precursor(s)

(mononer or oligomer) dissolved in a solvent. Suitable crosslinkable
precursors include 7 nononers and ol igonmers. Suitable thernoset polyners
for the probe head include epoxy, unsaturated pol yesters, polyimdes (from
bi smal ei m des or bi snadi m des), polycyaﬁurates, and t hernoset polyners from

(phenol / for mal dehyde), (urealformal dehyde), . or, (mel am ne/fornal dehyde).

Ot her suiSteaBr%tl%@aﬁ%}w w;hv@bgeﬂwﬁ $°>i16%ntkﬁbme ﬂ’@iJFHSEZ’ ki 1'TRese n the
art. The appropriate crosslinkable precursor(s) (nonomer or oligoner) of

t he desi badvbléreorrselvenp seservoirsr aredusifatmby distributed throughiout the bulk of
preferably an organic solvent. Suitable solvents have solubility paranmeters

(for bot lghgQlodyinkey dnd, eiftdrt gélation)drd peragaentigniked in Wwhiat Docittore i thet 0
the solubility paraneters of the crosslinkable precursor(s). These

sofubl | @g@%@ﬁgﬁ%ggglgﬁe bRSS 49/zQalioH! BiPle Preifttes v itdsediiNed 18 art
the art. In one embodiment, vitrification of the polymer occurs prior to phase
separation to limit the bubble size during phase separation to about 0.1 micron
to form a clear bulk polymer. _

After completion of the crosslinking of the polymer and phase separation
of the solvent, the solvent is removed from the polymer to form the foamed
polymer.  The solvent can be removed by heating the polymer to an elevated
temperature of about 100-250°C fo;' a period of about 1-2 hours. Alternatively,
the solvent can be removed by iinmersing the polymer in a nonsolvent.
Suitable nonsolvents includé methanol, water, acetone, and alkanes such as
pentane or hexane. Whén carbon dioxide is used as the reaction solvent, it
can be removed by simply exposing the polymer to the atmospheric conditions.
Other methods of removing the solvent bubbles from the reaction produgt to
form the foamed thermoset polymer will be known to those skilled in the art.

The foamed thermoset polymer of the present invention has uniformly
distributed pores throughout the bulk of the polymer to provide a uniform

" dielectric constant. Further, the pore size can be adjusted (from submicron

(about 0.1 micron) to about 30 microns) by varying solvent polarity and curing



gt al., "Properties of Polymers, Their Estimation and Correlation with
Chemi cal Structure", Elsevier Scientific Publishing Co., 1976, the

di scl osure of which is incorporated herein by reference. Preferably, the
solubility paraneters of the solvent will not be close to the solubility
paranmeters of the thernoset polynmer product to -mnimze solvent uptake by
the product. Suitable solvents for epox¥0pol ymer products include hexane,

cycl ohexane,., and rbon, di oxjde. Suitable_ solyents. for polycyanurate
o1 oduct sCORtEgRS- Jar aRlvme bas dpwertress Pigh cherpal stabiligy, 19d "pmsoved of
the present invention will be known to those skilled in the art. The
sol ut i ontaug@wmessy conprise a crosslinking agent to crosslink the polyner
product such as for epoxy-protonic or Lewis acids, alkaline earth 8
conpounds or Refereing tnFigt5theseioshaen pirless wohabtwrowhich isndmng agent s
wi Il be known to those skilled in the art. The solution nay also conprise
other cogReReAfive stifoditent oR tRb Ltdctichi® WAL LIRS préddit IAvEHEIBNAS
The connector 70 generally comprises a plurality of fine electrical
conductors (wires) 72 disposed in a foamed dielectric thermoset polymeric
composition 74 and extend from side 76 of the connector to side 78 of the
connector. Each conductor 72 preferably has a generally spherical end 80 at
side 76 and a flattened spherical shape 82 at side 78. The conductors 72 are
preferably gold, gold alloy, or copper alloy, and the size, shape, and spacing of
wires 72 can be modified to optimize the connector for a specific application.
The connector is disposed between mated electronic components 84
and 86, such as an integrated circuit chip and a multichip module. The
components 84 and 86 are provided with electrical contact pads 88 and 90.
The components 84 and 86 are pressed toward each other as indicated by
arrows with the connector there betw_eeh. The foamed thermoset
composition 74 acts as a spring to push the end contact surfaces 80 and 82
against mating contacts 88 and 90 on components 84 and 86, respectively,
thereby maintaining good electrical contact.
The connector can be fabricated in a variety of art-known methods.

Suitably, the process disclosed above is utilized except that wires are

connected to a sacrificial substrate rather than the substrate of a space



t.ri et hyl am ne, organic acids, and anhydrides. Generally, the reaction
solution is then heated to cause pol ynerizing of the nononer/oligoner.
Because the reaction mxture is a |lowviscosity, stable solution, the
reaction solution can be injection or conpression nolded or cast before or
during the polynerizing step of the reaction to formthe el ectronic device
of the present invention. |f carbon dioxide or other |owboiling solvents

are utily s the r tionsmxture st. be i ai ned under pressure during
t he pol ytjf‘r'é'ﬁ? B @ﬁg sagﬁ‘ﬁﬂ?g sé‘?’éf‘f 1% P@e%";‘ gbsgo%rlffh as in a glass
container. As_the nol ecul ar weight aof the polyner increases, the sol vent
becomes 09perdByaxrepner; pﬁsoaw?mly%ﬁﬂ% coPREEMMatery Q&l@ﬁdﬁﬁai nt, the
solvent will begin to Ehase separate fromthe polynerized product. Phase
separ at i coppes canchie nsedisuch rasl alumnuwmhhard plasticaogesteél. aAfisrthieofoanied wo
mscible liquids to two imm scible |iquids which have coal esced into two

cont i nuqpslyafradisd Begl 26@pletely cifed, the Fubstrate tandbe ¢8mvveddss, the two

imm scible liquids will generally forma suspension prior to coalescing. In

the brogsiateniindihd Eﬁ{f}}g‘ﬁ%&p 5110 @iddbtve 1S SubREANA! Ulraddiliti Ng as used

her ei n ans crosslinki polymer to change the reaction mediumfroma
QT 0 ad6h ofthe St 85 KetpS %6 Taliitald 8 oA A borpl™ !

substrate and causes the gold plating on the surface of the copper substrate to

flake off from the surface of the structure, leaving {;he surfaces of the ball ends
exposed.

Other types of electronic devices of the present invention include -
packaging devices. These devices are well known to those skilled in the art
and can be fabricated by. the proéess disclosed herein.

The following example is a detailed description of the method of
preparation and use of certain compositions of the present invention. The
detailed preparation falls within the scope of, and serves to exemplify, the

' more génerally described methods of preparatibn set forth above. The
examples are preseﬁted for illustrative purposes only, and are not intended as

a restriction on the scope of the invention.

Example 1

0.95 gms of an epoxy resin with an equivalent molecular weight of

342 g/mole, 1.49 gms of diamine curing agent (DACM-20 sold by Air Products,



bubbl es of gas to rise in its bulk. Gelation of the polynmer during phase
separation captures tiny bubbles of solvent in the polymer bulk. These
bubbl es or. solvent reservoirs are uniformy distributed throughout the bulk
of the polyner and, after gelation, are permanently fixed in that |ocation
in the bulk of the polynmer. The onset o&zgelation can be predicted by those
skilled in the art. In one enbodinent, Vvitrification of -the polyner occurs

prior to;phas ration |imt the bubRl.e size dugin ase.,separation
Po. about o fpd PR ot Brel e workt ploegd 16, w8, g9 sR REHIC S P of ° e
crosslinking of the polyner and phase separation of _the sglvent, the

sol vent NeMQgeneeus{rathmpy. pEhe mixture W@lsrﬁ%leneplfa@a@eaa) ghas-Portes sol vent
can be renoved by heating the polyner to an el evated tenperature of about
100- 250[ eeadtar famd hepted td16@°(§b61hte 1higture memainkd homogensons until shevent
can be renoved by imersing the polyner in a nonsolvent. Suitable

nonsol veohset 6f txodeli networe ferimati6s! Where €hé citlohegané Ubéconseant ane

or hexane. Wen carbon dioxide is used as the reaction solvent, it
nonsolvent and phase separates. After cooling, the crosslinked polymer was
placed in a vacuum oven and heated to a temperature of 180°C for 8 hours to

remove the phase-separated nonsolvent, leaving pores. the size of 5-10 microns.

Example 2
6.5 gms of cyanurate resin (L-10 from CibaGigy) was slurried with

3.0 gms of cyclohexane. Upon heating, the mixture became homogeneous. The
mixture was placed in a mold and heated to 200°C under pressure to crosslink
the polymer. The solvent was then removed to form the foamed crosslinked
polymer having pore sizes of 5-20 microns.

Although this invention has been described with respect to specific
embodinients, the details thereof are not to be construed as limitations for it
will be apparent that various embodiments, changes, and modifications may be
resorted to without departing from the spirit and scope therepf, and it is
undefstood that such equivalent embodiments are intended to be included

within the scope of this invention. .



can be renoved by sinply exposing the polynmer to the atnDspherlc
conditions. Other nethods of renovi ng the sol vent bubbl es 6
product to formthe foamed thernoset polynmer will be kno
in the art. The foamed thernoset polyner of the present i
uniformy distributed pores throughout the bulk of the poMymer~to prOV|de a
uniformdielectric constant. Further, 1Be pore size can be adjusted (from
subm cro icron) to about 30 microns) by varying sol vent

pol ari tngél‘%?g%ﬁ%ﬁeaqﬁo conditions. The polyner has | ow stress, high
thermal stability, and inproved toughness. Referring to Fig. 5, there is
shown a pinless connector which is an alternative enbodi nent of the .

el ectroni c device of the present invention. The connector 70 generally
conprises a pllural iAy edéctricakbdevige fox didtribmiing electri¢al cuaxent 20 dlegiosed i n
a foaned dielectric thernoset polyneric conposition 74 and extend from side

76 of t heoffiiréits coknpriviflg a’dieMctiidFoamed thermoset polymer having an

electrical circuit, the foamed polymer formed by the step of:
(a) polymerizing a solution of crosslinkable precursor in a solvent;
(b)  gelling the polymer during phase separation of the solvent; and

(c) removing the solvent from the polymer.

2. The device of claim 1 wherein the foamed polymer is crosslinked

epoxy or crosslinked polycyanurate.

3. The device of claim 1 wherein the solvent is hexane, cyciohexane,

or carbon dioxide.

4. The device of claim 1 wherein the solvent is removed by heating

the crosslinked polymer.

5. The device of claim 1 wherein the circuit is a wire having a

diameter less than 0.005 inches.
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gonnector. Each conductor 72 preferably has a generally spherical end 80 at
side 76 and a flattened spherical shape 82 at side 78. The conductors 72
are preferably gold, gold alloy, or copper alloy, and the size, shape, and
spacing of wires 72 can be nodified to optim ze the connector for a
specific application. The connector i s)4isposed between nmated el ectronic
conponents 84 and 86, such as an integrated circuit chip and a nmultichip

nodul e. The c on 4. an ’ I‘OVI d tr| C cont act . pads
55 and 90, The bomrERe AEGERt laind & wRe PP e Weinied il Basit posg bidé
i ndi cated_.by arro W_t h the connector there between. The foaned thernoset
corrposMPSﬁ Et&ivs@é’?o&t ) IRErons- push the end cont act surfaces 80 and 82
agai nst mating contacts 88 and 90 on conponents 84 and 86, respectively,

t her eby mai ntai ni ng good el ectrical contact. The connector can be
fabricated in a variety of art-known nethods. Suitably, the process

di scl osed above i s Altprbéesedfoe xesifingt fiflelevtriesl device draagedfirst and
sacrificial substrate rather than the substrate of a space
second surface and comprising a foamed crosslinked polymer and a plurality of
electrically conducting wifes extending through the polymer from the ﬁrst-to
the second surface of the electrical device, the process comprising the steps of:
(a) disposing a solution of crosslinkable precursor in a solvent around
a plurality of electrically conducting wires;
(b): polymerizing the solution;
(c)  gelling the polymer during phase separation of the solvent; and
(d) removing the solvent from the foamed polymer to form the

electrical device.

8. The process of claim 7 wherein the wires have a diameter less

than 0.005 inches.

9. The process of claim 7 wherein the polymer is crosslinked epoxy

or crosslinked polycyanurate.

10.. . The process of claim 7 wherein the solvent is hexane,

cyclohexane, or carbon dioxide.
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transforner. The sacrificial substrate is preferably copper,

cooper/ | nvar/ copper, or copper/nolybdenum copper. Mterials other than
copper can be used such as alum num hard plastic, or steel. After the

f oamed pol ynmer has been conpletely cured, the substrate can be renoved by
pl acement in a sulfuric acid bath to dissolve the substrate. U trasonic
agitation of the sulfuric acid helps to facilitate the etching of the
copper substr causes. t ol | at i.n he surface er
substrate to Iake &P ?QCSFEPEglagﬁ}?a eIgpn ¢ 8 Y%ﬁr’@m?@/t’}ﬁg‘e@%’é{)
surfaces of the ball ends exposed. O her types of electronic devices of the
pr esent the ®/bBAT. ncl ude packagi ng devi ces. These devices are well known
to those skilled in the art and can be fabricated by the process discl osed
herein. The follow ng exanple is a detailed description of the nethod of
preparation and use of certain conpositions of the present invention. The

detai |l ed prepapati Qhe pldces'of Blaim! NavisGRpe thE soRRGhtS8Méasoved B%W}hh
the nore generally described nmethods of preparati'on set forth above

exanpl esyRg ?oﬁ&ﬁ ?ﬂ fl%néolﬂr rati ve purposes only, and are not intended
as a restriction escopeo “the invention. .

13. The process of claim 7 wherein the solvent is removed by

exposure of the polymer to the atmosphere.

14. The process of claim 8 wherein the foamed polymer has a pore

size of about 0.1 to about 10 microns.
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Exampl e 1 0.95 gns of an epoxy resin with an equival ent nol ecul ar wei ght of
342 g/ nole, 1.49 gns of diam ne curing agent (DACM 20 sold by Air Products,
12 Inc.), and 3 gns of cycl ohexane were placed in a vial and stirred until
honbgeneous (-10 mn). The m xture was then placed in a Fisher-Porter
reactor and heated to 160[err]C. The m xg@gire remai ned honogeneous until the
onset of crosslinking network formation, where the cycl ohexane, becones a
nonsol vent and phase separates. After cooling, the crosslinked pol ynmer was
pl aced in a vacuum oven and heated to a tenperaturie of 180[err]C for 8
hours to renove the phase-separated nonsol vent, |eaving pores the size of
5-10 ni cr onSELECIRORIC DEVICES COMPREINGDEIRSTRIC FOMMEDCROEYMERSY) was
slurried with 3.0 gns of cycl ohexane. Upon heating, the m xture becane
honogeneous. The m xture was placed in-a nold and heated to 200[ err] C under
pressure to crosslink

ABSTRACT

An electronic device (10) for distributing electric signals between a plurality of electric
circuits (20, 34) is disclosed. The electric circuits (20) are embedded in a foamed dielectric ‘
thermoset ploymer, preferably crosslinked epoxy or crosslinked polycyanurate. A method of

fabricating such a device is also enclosed.

Fig. 1.



,the polymer. The solvent was then renoved to formthe foanmed crosslinked
pol ymer having pore sizes of 5-20 mcrons. Although this invention has been
described with respect to specific enbodinents, the details thereof are not
to be construed as |imtations for it will be apparent that various

enbodi nents, changes, and nodifications nmay be resorted to w thout
departing fromthe spirit and scope thegfﬁf, and it is understood that such
equi val ent enbodi ments are intended to b€~ i ncluded within the scope of this
i nventi on. REPLACEMENT SHEET What is clainmed is: 1. An el ectri cal
device for distributing electrical current to el ectronic conponents
conprising a dielectricgfyoaned thernos@t cross-1inked pol ymer having an

el ectrical circuit, theyloaned pol yner\formed by the step of: (a)
polynmerizing a sQfuti on \of crosslinkabNe precursor in§? sol vent; (b)

gelling the pol yrer daygi e separat\ on of the sofyent; and

.
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(c> renoving the solvent fromthe polymer. 2. The device of claim1

"wherein the foaned pol yner is crosslinked epoxy or crosslinked

pol ycyanurate. 3. The device of claim1 wherein the solvent is hexane,
cycl ohexane, or carbon dioxide. 4. The device of claim1 wherein the
solvent is renoved by heating the crosslinked polyner. 5. The devi ce of

claim1l wherein the circuit is awre E@%%Eg a dianeter |ess than 0.005

i nches. 14 6. The device of claim ereln t he foanmed pol yner has a
pore size of about 0.1 to about 10 microns. 7. A process for nmaking an

el ectrical device having a first and second surface and conprising a foaned
crosslinked polyner and a plurality of electrically conducfing wres

ext endi ng t hrough the po‘ymar fromthe first to 56
54
54 56
| ~— 0
Y4 59
S50
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the second surface of the electrical device, the process ¢omp
éteps of: (a) disposing a solution of crosslinkable precyfs
around a plurality of electrically conducting wres; (b)
sol ution; (c) gelling the polymer during phase separatin
and (d) renoving the solvent fromthe f?aned pol ymer to normt
el ectrical device. 8. The process of claim?7 wherein theg

di aneter Iess than 0. 005 inches. 9. The process of clai

pol yner oo eaﬁelgaﬁé Shhdie ShuBOUEY AR B kol 1%1 1@§§g- gss

of cl ai m e| n e so exane, cyc Ide.
15 11. The erﬁ"ﬂib‘i_'éfo?é” a&lijeEi df B Pr&efit b&ntRAlY PRovidS an RAPNGOEd h}ﬁnﬁ@fit' ng -

dielectric polymer for use in electronic components.

Other objects and advantages will become apparent from the following disclosure.
Summary of the Invention

According to one aspect of the present invention there is disclosed an electrical device for
distributing electrical current to electronic components comprising a dielectric foamed
thermoset cross-linked polymer having an electrical circuit, the foamed polymer formed by
the step of:

(a) polymerizing a solution of cross-linkable precursor in a solvent;

(b) gelling the polyrper during phase separation of the solvent; and

(c) removing the solvent from the polymer.

According to another aspect of the invention there is disclosed a process of making an
electrical device having a first and second surface and comprising a foamed cross-linked
polymer and a plurality of electricaljy conducting wires extending through the polymer
from the first to the second sutface of the electrical device, the process comprising the steps
of:

(a) disposing a solution of cross-linkable precursor in a solvent around a plurality of
electricaily conducting wires; '

(b) polymeriiing the solution; |

(c) gelling the polymer during phase separation of the solvent; and

(d) removing the solvent from the foamed polymer to form the electrical device.



the.pol yner. .12. The process of claim 7 wherein the solv E
V\ﬁ.shl nlg the pol yrer W th a nonsol vent."13. The process DR A
‘the solvent is renoved by exposure of the pol ynmer to the|atnp

The process of claim@8 wherein the foamed pol yner has a pqr E%@?ﬂfﬁi k
#0.1 to about 10 m crons. 13

N
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What is claimed is:

1. An electrical device for distributing electrical current to electronic
components comprising a dielectﬁc foamed thermoset cross-linked polymer having an
electrical circuit, the foamed polymer formed by the step of:

(a) polymerizing a solution of crosslinkable precursor in a solverﬁ:;

(b) gelling the polymer during phase separation of the solvent; and

(c) removing the solvent from the polymer.

-

2. The device of claim 1 wherein the foamed polymer is crosslinked
epoxy or crosslinked polycyanurate.
{
3. The device of claim 1 wherein the solvent is hexane, cyclohexane,

or carbon dioxide.

4. The device of claim 1 wherein the solvent is removed by heating

the crosslinked polymer.

5. The device of claim 1 wherein the circuit is a wire having a

diameter less than 0.005 inches.
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