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UNITED STATES DISTRICT COURT
DISTRICT OF MASSACHUSETTS

PARICON TECHNOLOGIES
CORPORATION,
Plaintiff

v CIVIL ACTIONNO. /[~ 4003

ANESTEL CORPORATION,
Defendant

COMPLAINT AND DEMAND FOR TRIAL BY JURY

Introduction
This is an action for infringement of United States Patents in violation of 35 U.S.C. §271
et seq. The Plaintiff seeks a permanent injunction, monetary damages, and attorney fees under
35U.8.C. §§283, 284 and 285.
Parties
L. The Plaintiff, Paricon Technologies Corporation (“Paricon), is a Delaware

corporation with a usual place of business in Fall River, Massachusetts.

2. The Defendant, Anestel Corporation (“Anestel”), is an Idaho corporation with a
usual place of business in Boise, Idaho. Upon information and belief, Anestel regularly conducts
business and solicits sales (including sales of allegedly infringing products) from customers
located in Massachusetts. In addition, infringing products that Anestel has manufactured and
placed in interstate commerce with the intent to sell them on the widest possible geographic

basis, nationwide, are regularly purchased and used by customers located in Massachusetts.
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Jurisdiction and Venue

3. This action arises under the patent laws of the United States, 35 U.S.C. §8271 et
seq. Subject matter jurisdiction is pursuant to 28 U.S.C. §§1331 and 1338(a). There is also
diversity of citizenship under 28 U.S.C. §1332 and the amount in controversy exceeds $75,000.
Venue is proper in this Court under 28 U.S.C. §§1391(b), 1391(c), and/or 1400(b).

Facts

4, On February 15, 2005, United States Patent No. 6,854,985 B1 (“the '985 Patent”)
was duly and legally issued for an invention entitled “Elastomeric Interconnection Device and
Methods for Making Same” listing Roger E. Weiss as inventor and Paricon Technologies

Corporation as assignee. A true and correct copy of the '985 Patent is attached hereto as

Exhibit A.
5. Paricon is the owner of all right, title and interest in the '985 Patent.
Count I — Infringement of the ‘985 Patent
6. Paricon incorporates paragraphs 1 through 5 above as if set forth at length herein.
7. Anestel has infringed and continues to infringe one or more claims of the ‘985

Patent by making, using, selling and/or offering to sell products and/or methods that infringe the

IT. V.. 1

985 Patent, without a license from Paricon, throughout the United States thereby infringing the
Patent in violation of 35 U.S.C. §271, both literally and/or uﬁder the Doctrine of Equivalents.
8. Upon information and belief, such infringement of the ‘985 Patent has been and
continues to be willful and deliberate.
9. As a consequence of such infringing acts, Paricon has been, is being and will
continue to be injured and has suffered, is suffering and will continue to suffer injury and

damages for which it is entitled to relief under 35 U.S.C. §§ 284 and 285.
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10.  As aconsequence of such infringing acts, Anestel has also caused, are causing
and will continue to cause irreparable harm to Paricon for which there is no adequate remedy at
law, and for which Paricon is entitled to injunctive relief under 35 U.S.C. §283.

Prayers for Relief

WHEREFORE, Paricon prays for entry of a judgment from this Court:

A, Declaring that Anestel has infringed the ‘985 Patent;

B. Declaring that the foregoing infringements were willful;

C. Declaring this to be an “exceptional” cause within the meaning of 35 U.S.C.
§285, entitling Paricon to an award of its reasonable attorneys’ fees in this action;

D. Enjoining Anestel and its affiliates, divisions, officers, agents, servants,
employees, and attorneys, and those persons in active concert or participation with them from
further acts infringing the Paricon Patents;

E. Awarding Paricon damages in accordance with 35 U.S.C. §284 including treble

damages;
F. Awarding Paricon its interest and costs incurred in this action; and
G. Awarding Paricon such other and further relief as this Court may deem to be just

and proper.
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PLAINTIFF REQUESTS A TRIAL BY JURY

Dated: ]-/{x//,

Respectfully Submitted

PARICON TECHNOLOGIES
CORPORATION,

By it attorneys,

(7@,0 Ly

James C. Donnelly, Jr., Esq. BBO #129700
Brian M. Dingman, Esq. BBO #548979
John T. MclInnes, Esq. BBO # 657488
Mirick, O’Connell, DeMallie & Lougee, LLP
100 Front Street

Worcester, MA 01608-1477

Phone: (508) 791-8500

Fax: (508) 791-8502
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EXHIBIT A
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(57) ABSTRACT

An elastomeric deviee for interconneeting two or more
electrical components, comprising, an elastomeric matrix
having one or more outer surfaces; one or more electrically
conductive pathways through the matrix; and one or moce
electrcally conductive contact pads, . wherein at least a
poction of one or more of the pads is flush with or exteads
outward from one or more of the outer surfaces of the
matrix, and wherein at least a portion of the pad is in al lcast
intimate contact with one or more of the palhways; and
methods for making same.

59 Claims, 17 Drawing Sheets
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: 1
LELASTOMERIC INTERCONNECTION
DEVICE AND METHODS FOR MAKING
SAME

This application claims benelit of provisiooal 60/112,535
filed Dec. 16, 1998,

FIELD OF THE INVENTION

‘Ihis invention velates to improved conductive elastomer
Interconnection devices and methods for making them,

BACKGROUND OF THE INVENTION

As electronic systems get smaller, faster and lower cost,
the classic methods of separable inlerconnection need to be
replaced - with new technologies. One such technology is
bascd on anisotropic conducting polymer materials. Aniso-

tropic Conducting Elastomers (ACE) are elastomers which

conduct in one direction but are insulators in the other
direction. One such example is ECPI—(Blastomeric Con-
ducting Polymer Interconnect) a material developed by
Lucent Technologies—Bell Laboratories. This maferial is
formed by magnetically aligning fine magnetic particles in
sheets of uncured silicone such that the particles form arrays
of electrically isolated columns, These columns are frozen in
place as the silicone cures. When a layer of ECPI is
compressed between two electrical conductors the particles
in the compressed column come into contact with each other
and the conductors, forming an electrically conductive path.
Conductivity of the column remains over a compression
range which is a function of the material design. This range,
often refecred 1o as the material’s dynamic range, provides
compensation for the lack of coplanarity of the conductors.
This is often referred 10 as “coplanarity compensation”.

In a typical application of ACE the interconnect formed
replaces the soldered interconnect fo allow a separable
interconnection. Separable interconnection is generally
required for testing the device, conditioning the device

"(burn-in) and for final application in the OEM product. One
such example is in a Land Grid Array (LGA) where an array
of pads oo a device needs w be connected to a matching
array on a board. A second example is when a Ball Grid
Array (BGA), consisting of a device with an array of solder
balls, is to be separably connected (o 2 matching array on the
board. In both of these examples, a layer of ACE malerial

N
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tion is to limit the flow with a stop. The net effect is a very
low contact force. In addition, elastomers in sheet form may
have excellent elastic properties bul tend (o behave like
incompressible fhuids. This bebavior demands that the con-
nector system design provide for a place for the material 1o
move.

Another problem arises because, unlike conventional pin-
in-sockel contacts which provide for a metal to metal wiping
action as the pin males with the sockel, elastomeric conlacls
tend to provide no wipe. This wiping action breaks through
surface contaminants and corrosioa products, such as oxides
and sulfides. Moreover, improper selection of contact
materials, such as solder against a gold plated particle, can
resull in the gold dissolving in the solder and forming a
brittle alloy which will break and form a type of insvlating
layer referred to as fretting corrosion.

The above described limitations to the capability of
conventional elastoméric cooducting materials may, 1o a
varying extent, be applied to both anisotropically conducting
clastomeric wmatecials thal have magnetically aligned
particles, and isotropically conducting materials such as
those that are heavily filled with conducting metal. These
limitations also apply to some extent lo anisotropic elasto-
meric maferials that utilize other means than the magnetic
alignment of particles to provide electrical and/or thermal
connection.

SUMMARY OF THE INVENTION

The device and methods of the invention provide unique
improvemeats to both anisotropic and isotropic conductive
elastomers, and more specitically to ECPI, which enhance
performance and reliability and o broaden their range of
applications. These improvements include, but are not lim-
ited to, improved polymer materials, unique surface geom-
etries and improved connectors bousing the polymers.
Unlike previous ECPI, the devices and methods of the
invention utilize metal contact pads which are compatible
with the underlying conductive particles of the ECPI; and
the elastomeric material of the device facilitates penetration
of unwanted contaminants using the nodular structure of the
particles at the swface of the elastomer or by asperilies
formed on the pads.

It is therefore a primary object of this invention to provide
a device, for anisotropically or isotropically interconnccting

placed between the device and the board can, when properly
used, provide a reliable connection.

Purther, when using BCPI as an interconnection medium
between BGA devices, because the solder balls come in

direct contact with the conducting particles on the outer s

_ surface of the ECP, the spherical shape of the solder balls
tead fo bow the columns of particles outward from the
contact cenler rather than compressing the columns in a
straight line. The bowing may cause poor interconnection
and shorting between adjacent pads.

Morcover, the behavior of the clastomeric material is
ceitical 1o the success of the interconnect’s performance.
Typically highly filled elastomeric material exhibit poor
elaslic properties, and when formed into discrete button-Like
contacts, tended to move like pully, taking a severe set.
‘These materials exhibit Little residual spring force. These
factors impact on the reliability of the contact, and virtually
preclude multiple device insertions with different devices.
Because these highly filled materials have poor elastic
properties, an external spring member is required 10 creale
a contact force. However, the elastomer button-like contacts
flow continuously under the force. The conventional solu-

65

two or more componeats, which enbances the quality and
reliability of the inferconnection.

Itis a further object of this invention to provide a device,
for inlerconnecting two or more components, which is
capable of repeated use for testing, conditioning and final
application of the components.

It is a further object of this invention to provide a device,
for interconnecting two or more components, having an
outer surface which is durable and readily cleaoed.

Itis a further object of this invention (o provide a device,
for interconnecting two or more components, capable of
being selectively coated with metals or solders which are
compatible with opposing component surfaces to prevent
fretting corrosion, to improve the interconnection aad to
improve the versatility of the device.

Itis a further object of this invention to provide a device,
for interconnecting two or more components, such as a Ball
Grid Array and a board, which prevents the conduclive
columns of particles of the device from bowing when
compressed between the components. .

Itis a further object of this invention to provide a device,
for interconnecting two or more compobents, which pro-
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vides fow space into which the clastomer materials in the
device may Aow under compression.

Ttis a further object of this invention fo provide a device,
for inlerconnecting two or more components, which pro-
vides additional surface features, including one or more
contact pads, which protcct the underlying conductive par-
tcles and improve conductivity between. the device and the
Opposing components.

Itis a further object of this ivvention to provide a device,
for interconnecting two or more componeots, comprising
oue or more contact pads on which one or more asperities
are formed to penetrate any oxide layer formed on an
opposiag component and to improve the interconnection.

Itis & further object of this invention to provide a device,
for interconnecting two or more components, comprising
0ae or more contact pads, fixed to the matrix of the device,
which prevent the underlying conducting patticles at the
outer surface of the matrix from dislodging.

Itis a further object of this invention (o provide a device,
for interconnecting two or more components, comprising
one or more contact pads on which one or more layers of
meital are formed to improve the interconnection.

Itis a further object of this invention to provide a device,
for interconnecting two or more componenls, comprising
one or more floating contact pads capable of being separably
applied to an underlying conductive matrix.

Apreferted embodiment of the elastomeric device of the
invention for electrically interconnecting two or more
components, comprises: an elastomeric matrix baving one or
more ounter surfaces; one or more electrically conductive
pathways through the matrix; and one or more electrically
conductive conlact pads, wherein at least a portion of one or
more uf the pads is Nush with or extends outward from one
or more of the outer surfaces of the matrix and, wherein m
least a portion of the pad is in at least intimalte contact with
one or more of the pathways. The matriy preferably com-

20
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prises one or more elastomers which relains about 90% or -

more ol ity modulus of compression over a lemperature
range of between about -350° C, to 200° C, The device may
further comprise one or morce means for providing flow
space into-which at least a portion of the matrix may flow
uader compression; wherein the means for providing flow
spdce may comprise one or more of Lhe following: one or
more microspheres imbedded in the matrix; one or more

4

prise between about S to 25% magnetic particles by volume
of the clastomeric malrix; wherein a plurality of the mag-
nelic particles are proferably aligned to form one or more
arrays of electrically isolated columns having al least one
cnd, wherein one or more of the pads is in contact with an
end of one or more of the columns of particles. In a device
wherein one or more of the pathways comprises a plurality
of particles aligned 10 form a column having at least one ¢nd
and wherein one or more of the pathways is anisotropic, one
or morc of the pads is preferably in contact with ar lcast onc
of the ends of one or more of the columns of particles,

One or more of the pads may comprise one or more Jayers
of a conductive malsrial, preferably meta), in at Jeast ing-
mate contact with one or more of the owter surfaces of the
matrix; and may togcther form an array of clectrically
conductive pads across one or more of the outer surfaces of
the matrix. One or more of the pads may further comprise
one or more outer surfaces Comprisiog one or more aspen-
ties. The pads may be applied to the matrix by sputtering,
vapor deposition, plating, bonding or a combination of thesc
iechniques.

In applications wherein at least one of the components is
a circuit hoard comprising an array of electrical contact
points, (lands), the array of pads preferably corresponds to
the array of contact points on the board, In applications
wherein at least one of the components is a heat sink, the
pathways are isotropic (o conduct heat away from the circui
hoard o the heat sink. in applications wherein al least one
of the components is a ball grid array comprising an array of
solder balls, the array of pads preferably corresponds Lo the
array of solder balls.

As noted one or more of the pathways of conductive
parlicles comprises a plurality of electrically conductive
particles aligned in a column. These particles may have at
least onc end particle coated with a metal, wherein the
portion of the pad, that is in al least intimare contact with one
or more of the patliways, is preferably in contact with (he
coaled end particle and is coated with one or more melals
that is compatible with the meta] coating oo the end particle;
wherein one or more of the pads preferably forms a bond
with the matrix and with one or more of the end particles.

The outer sucfaces of the matrix typically comprises a ficst
surface adapled Lo [ace oue of the componenis and a second

surface adapted to f. ace a second of the componeats; whersiy

o
bety

spaces formed S two—orwore of the pads which

extend outward from the surface of the malrix; one or more
spaces formed belween a plucality of raised surface asperi-
ties on one or more of the ouler surfaces of the malrix; and
Qne or more gas particles (a bubble of controlled size)
located in the matrix. In the latter instance, the pathways
may also comprise one or more conducting particles and
wherein the gas particles are of a size which is about 20%
or less than the size of the conducting particles.

The device may also further comprise one or more
aspetities on one or more of the outer surfaces, wherein the
means. for providing fow Space comprises one or more
spaces formed between wo or more of the asperities; and/or
wherein onc or more of the pathways comprises a plurality
of electrically conductive particles, wherein one or more of
the particles extends outward from one or more of the outer
surfaces, and wherein the means for providing flow space
comprises one or mare spaces formed between two or more
of the particles extending outward from the one or more of
the surfaces.

The elastomeric matrices may be isotropic or anisotropic,
Where, in the latter instance, the matrices prefecably com-

65

one or more of the pathways cxtends from at least proximate
to the first surface to at least proximate the second surface
and wherein one or more of the pads are located on the first
and second surfaces.

The device of the invention may further comprise one or
more support films; wherein at least one of the support films
is preferably a carrier sheet; wherein at least one of the
suppoct films is preferably removable; wherein one or more
of the components may comprise registration holes, and
wherein at least one of the films comprises one or more
regisiration holes in the film which correspond to the reg-
istration holes of the component and through which one or
more alignment members, such as a precision pin, may be
passed. In instances wherein one or more of the components
comprises registration holes, one or more of the films may
comprise one or more precision pins which correspond to
one or more of the registration holes of the components. Al
least one of the films may comprise one or more mounting
holes in the film which are at least partially filled with the
elastomeric matrix; and/or at least one of the films comprises
one ormore contact holes may be adapted to receive therein
at least one or more of the pads, wherein at least one or more
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of the pads may have an outer surface which protrudes from
the conlact holes. In instances wherein at least one of the
films is removable, the removable film, if removed, will
preferably leave behind spaces between two or morc of the
pads into which at least a portion of the matrix may flow
when compressed.

The pads of the device may be mounted to the matrix as
an applique, wherein one embodiment of the appligue com-
prises a support layer which holds one or more of the pads
in onc or more predetermined locations in the support layer;
and wherein one or more of the pathways may comprise a
plurality of conduciing particles aligned in one or more
columns baviog al least one encl particle proximaie one or
more of the outer surfaces of the mauix, wherein - the
predotermined locations correspond to onc or more of the
end particles. The support layer may comprise two opposing
sides, wherein one or more of the pads which is held in the
support layer comprises two Opposing ends portions which
are larger in diameter than 4 middle portion, wherein the
holes of the support layer have a diameter which is smaller
than the diameters of the opposing ends, and wherein the
larger opposing end poctions of one or more of the pads
extend outwacd from the opposing sides of the support layer
and the middle portion of the pad is captured in the hole, The
middle portion of the pad preferably has a length, wherein
the pad is capable of foating up and down in the hole to the
extenl of the length of the middle portion. The floating pads

“are preferably brass, Altecnatively, the floating pads may be

molded plastic comprising one or more conductive layers,
wherein the conductive layers comprise a layer of copper
and one or more subsequent layers of nickel and solder or
gold. The floating pads may likewise comprise one or more
asperities in one or more of the pad surfaces,

The preferred method of the invention, for making an
elastomeric device for electrically interconnecting two or
more components, comprises Lhe sleps of: embedding &
plurality of conductive, maguelic particles in an elastomer
which retains 90% of its modulus of compression over a
temperature range of between about ~50° C, 1o 200° C. by
mixing the particles in the elastomer before the elastomer
sets and applying a magnetic Jorce (o the particles 8o that the
particles align themselves in electrically isolated columns as
the clastomer sets (o form an clastomeric malrix baving onc
or more outer surfaces and comprising one or more eleciri-
cally conductive pathways through the matrix

oue or more of the electrically conductive contact padsto the
malrix, so that at least a portion of one or more of the pads
is flush with or extends outward from one or more of the
outer surfaces of the matrix and, so that at least
the pad is in at least intimate contact with one ot more of the
pathways. The method may further comprise the step of
crealing one or more means for providing flow space into
which at least a portion of the matrix may flow under
compression, wherein the step of creating one or more
means for providing flow space comprises embedding one or
more microspheres in the elaslomer as its sels Lo form the
matrix; forming a plurality of raised surface asperities in one
or morc of the outer surfaces of the matrix as the clastomer
sets; and/or trapping one or more gas particles in the matrix
as the elastomer sets. One or more of the pads comprises one
or more layers of metal in at least intimate contact with one
or mare of the outer surfaces of the matrix and one or more
of the pathways.

The conductive pathways used in the method of the
invention may be anisotropic and may comprise up to about
25% wmagnetic particles by volume of the elastomeric
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walrix, wherein a pluralily of the columns of magnetic
particles has af least one end particle proximate one or more
of the outer surface of the malrix, and wherein one or more
of the pads is in intimate contact with an end particle of one
or more.-of the columns of particles. The conductive path-
ways preferably comprise at least about 3% magnetic par-
ticles by volume of the clastomeric material. The elasto-
meric matrix may allernatively he isotropic and comprise al
least one end particle wherein one or moie of the padsis in
intimale contact with at least onc of the particles in the
malrix. ‘

If an applique of pads is used in the method, the pads may
be of a known mumber and may comprise [wo opposing end
portions having a diameter and & middle portion having a
diameter smaller than (he diameter of Ihe end portions, and
wherein the step of providing one or morc clectrically
conductive contact pads comprises the steps of, providing
one or more non-conductive, pliant support sheets com pris-
ing a plurality of holes, baving a diameter smaller than the
diameter of the end portion of the pads, through the sheet
corresponding to the number of pads; and pushing one of the
opposing ends portions of each of the pads through one of
the holes so that the pad is captured in the sheet.

The device of the invention may be incorporated into a
device package, wherein one or more chips and one or more
camponents are electrically interconnected, comprising: one
or more layers of elastomeric material between the chip and
the component, wherein af least one of the layers provide
electrical contact between the chip and 1be component, and
wherein the layer which provides electrical contact
comprises, an elastomeric matrix baving one or more outer
surfaces; one’ or more electrically conductive pathways
through the matrix; and one or more electrically conductive
contact pads, wherein at Jeast a portion of the pad is in at
least intimate contact with one or more of the pathways.

Another preferred embodiment of the device of the inven-
tion incorporated into & device package, wherein one or
more chips and one or more heat sinks are intérconnected so
that heat may be transfecred from the chip to the heat sink,
comprises: a can having a first and second opposing surface,
wherein the first opposing surface is adjacent to the beal
sink; a top layer of elastomeric malerial provided between
the chip and the second opposing surface of the can, wherein

; providing 4 the top layer provides thermal contact between the chip and

a bottom layer of conducting elastomeric material
between the chip and a lead frame, wherein the bottom
layers provides electrical contact belween the chip and the
lead frame; wherein the bottom layer preferably comprises

a portion of s clastomeric conducting polymer jntcreonnect.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, fealures and advantages will oceur Lo those
skilled in the art trom the following description of the
preferred embodirents and the accompanying drawings in
which:

FIG. 1A is a partial cross-scctional view of a prior art
clastomeric conductor using magnetically aligned particles;

FIG. 1B is a partial cross-sectional view of the prior art

6o conductor of FIG. 1A plasma etched to expose the outer
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surface of the conductive particles embedded therein;

FIG. 2 is a partial perspective cross-sectional view of the
device of the invention;

FIG. 3 is a partial cross-sectional view of another pre-
ferred embodiment of the device of the invention;

FIG. 4 is a partial cross-sectiorial view of apotber pre-
ferred embodiment of the device of the invention;
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FIG. 5 is a partia) cross-sectional view of another pre-
ferred embodiment of the device of the invention;

FG. 6A is a parlial cross-sectional view of another
preferred embodiment of the device of the invention;

TIG. 6B is a partial cross-sectional view of the device of
FIG. 6A with tbe carrier partially removed;

FIG.6C is a partial cross-sectional view of the device of
FIG. 6A with the carrier completely removed,

FIG. 6D is a partial cross-scctional view of the device of
FIG. 6A with the cartier completely removed and the outer
surface of the pads are plated;

FIG. 7 is a partial cross-seclional view ol another pre-
ferred embodiment of the device of the invention;

FIG. 8 is a partial cross-scctional view of another pre-
ferred embodiment of the device of the invention;

FIG. 9 is a partial cross-sectional view of another pre-
Ferred embodiment of the device of the invenlion;

FIG. 10 is a partial cross-sectional view of agother
preferred embodiment of the device of the invention;

FIG. 11 is a partial cross-sectional view of another pre-
ferred embodiment of the device of the invention;

FIG. 12 is a partial cross-sectional view of another
preferred embodiment of the device of the invention;

FIG. 13 is a partial cross-sectional view of another .
preferred embodiment of the device of the invention;

FIG. 14 is a partial cross-sectional view of another
preferred embodiment of the device of the invention com-
prising an applique of floating pads;

FIG. 15 is n cross-section of a floating pad shown in FIG.
11;

FIG. 16 is partial cross-sectional view of another pre-
ferred embodiment of an applique of floating pads of the
invention; and

FIG. 17 is a cross-sectional view of the device of the
invention in use.

DETAILED DESCRIPTION OF THE
PREFERRED METHOD

The elastomeric device of the invention, for electrically
interconnecting two or more components, generally includes
the following basic elements: an clastomeric matrix having
ane g.uzne;psa%s%s&d%}ees;fmivaHnorfeiecnicm‘iy—c 0-

ductive pathways through the malrix; and one or more
electrically conduetive contact pads, wherein at least a
portion of one or more of the pads is flush with or extends
outward from one or more of the outer surfaces of the matrix
and, wherein at Jeast a portion of the pad is in at least
intimate contact with one or more of the pathways. As
described below, each of these basic elements may be
modified to suit a particular application and/or to optimize
certain features of these elements. Generally, the device may
include pads which are integral with the matrix and/or pads
which are separable, as in an array of pads which are
movated to the matrix as an appliqué.

Integrated Surfuce Pads

FIG. 1A is a cross-section of the typical elastomeric
¢onductor of the prior art using magnetically aligned con-
ducting particles. As shown in FIG. 1A, a thin layer of
polymer material remains on the surface after manufacturing
which must be penelraled by the particles as the conductor
is squeezed between two components. FIG. 1B shows the
thin polymer material etched away in a manner tanght by
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U.S. Pat. No. 4,820,376, “Fabrication of CPI Layers”. When
exposed, the particles are quite fragile and the material must
be handled very carefully (o prevent Lhe parlicles ftom
dislodging. )

The preferred embodiment of the device of the inveation
is shown and generally referred 10 in FIG. 2 as device 10.
Device 10 comprises an array of integral conducting pads 12
[ormed on the surfaces 24 and 26 of matrix 18 and in
intimate contact with the surfaces and one or more conduct-
ing particles such as particles 14 and 16, cach localcd af the
end of a column of magnetically aligned particles such as
column 20. Device 10 may also include other sucface
features such as routing path 22. The array of pads 12 can be
formed by sputtering, vapor deposition, plating, bonding or
a combination of these methods that arc well understood by
those skilled in the metal surface formation industries. The
pads may be formed directly on the surface of the elastomer
or as an applique on a separate sheel and subsequently
bonded to the elastomer as described later in this disclosure.

The resulting pad(s) form a bond between the siliconc of
maltrix 18 and the end particles of the columns of conducting
particles. The pads protect the end particles and keeps them
from dislodging from lhe matrix. The pads also serve as
extended electrical contact area improves the overall ef§-
ciency of an electrical connection. This geomeltry is particu-
larly well suited for interconnecting BGA devices. Each
solder ball on the BGA may now conlact a matching pad on
maltrix 18, which, in (urn, is in contact with an end particle
of several conducting particle columns. This design allows
the device o be compressed between the BGA and a cireuit
board withou! causing the columns of conducting particles
lo bow as frequently happens when the typically round
solder balls of the BGA are compressed directly againsi the
ends of the columns of conducting particles of (he devices
shown in FIGS. 1A and 1B.

Although device 10 comprises pads on both surfaces of
mafrix 18, it is envisioned that pads and other surface
features may be formed on one or both surfaces and may
facilitale & multiplicity of elecirical paths throughoul matrix
18 and across the surface of matrix 18 to augment the
routing provided by the device and a board or other com-
ponent.

The pad structure provides a readily cleaned protective

s layer, which greatly increases the usable life of the material

w
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w
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Furthermore, a secondary cleaning operation of the plasma
etched materinl with integral pads will remove the surface
particles from unwanted areas while leaving the paricles
only in the pad area. This will minimize the opportunity-for
unwanted electrical contact.

The thickness of pads 12, and thus the height of pads 12.
which extends outward from the onter surfaces of matrix 18 ,
forms spaces, e.g. space 28, between adjacent pads inlo
which the polymer of matrix 18 may flow or bulge as the

s polymer material is compressed belween two opposing

components. Spaces, such as space 28, allow the elastomeric
waterial to be used iu applications where no local exXpansion
space is provided, such as with desigas using solder mask
around the lands, which cavses the lands to be coplanar or
recessed relative (o the surface of the solder mask.

The ouler surface of the pad may be structured so as to
optimize the intcrcoanection with the opposing componeni.
The pad’s outer surface may be finished with solder, gold or
any material that is an optimum match of the opposing
member. Dilferent finishes may be provided on opposing
surfaces of the pads to facilitate the interconnection between
normally inappropriate materials, such as solder to gold.
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Asperities may be desired and formed on the surface of
the pads to puncture any oxide layers on the surface of the
opposing components and to provide a more reliable inter-
connection. The asperities may be formed on the pad surface
by various means, as shown in FIGS. 3-5. As shown by
device 30 in FIG. 3, if the pad 36 is thin relative 10 the
surface particles 34, asperities 32 are formed by virtue of the
sharp edges of the underlying particles embedded in matrix
38 which protrude from the outer surface of the pad. In
instances where the thickness of the pad prevenis the par-
ticles from protruding, a secondary plating step may be used
to form dendrites 42 on the outer surface of the pad 46 of
deviee 40 (FIG. 4). The dendriles may. be formed using the
plating method taught in US. Pat. No. 5,185,073 or by
forming diamond shards on the surface as laught in U.S. Pal.
No. 5,835,359. Alternatively, chemical or mechanical
methods, such as etching and sand blasting, may be
employed to roughen the base meta) of the sucface of pad 52
of device 50 while having little effect on the surrounding
elastomer. A subsequent ihin plaling 54 of 2 hard metal such
as nickel followed by a thin surface plate will provide an
ideal surface which is well populated with asperities (FIG.
5).

Typically, the device testing arena requires conducting
elastomers which have a very robust and easily cleaned
surface 0 oplimize the maximum cycle life of the elas-
tomers. In the present invention, the pad, by covering the
end particles, provides such as surface as a durable conduc-
tor surface. Moreover, the surface of the elastomer matrix, in
between the pads, may be coated with a debris resistant film
such as a flexible solder mask which is also durable and
readily cleaned.

In the normal construction of an elastomeric conductive
sheel, a carrier film such as a 0.005 inch thick layer of Mylar
is used 10 carry the clastomeric film through the manufac-
turing process. This carrier sheet is normally removed from
the elastomer al the end of the assembly. In yel another
embodiment of the device of the invention, shown and
generally referred 1o in FIGS. 6A-61) as device 60 com-
prising matrix 62, the carrier sheel 64 is modified with an
additional thin support film 66. Support film 66 has holes
formed in it corresponding to the pattern of the contacts. For
example, the film may comprise a 0.002 inch thick film of
Kapton with 0.025 inch holes formed on 0.050 inch centers.
Other features such as registration and mounting holes may
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15

35

45

10

to access lands 102 on the opposing compooent 100 which
are surrounded by solder mask 104 and are depressed
relative to the solder mask (FIG. 10) and it also provides a
space 106 for the clastomer to flow to during compression.
The protruding pads may or may not be melalized as
described earlier based on the application.

Registration of the array of pads Lo the lands can be
achieved by the addition of other features to the Kapton
sheet. In onc such preferred ecmbodiment shown and gener-
ally referred to in FIG. 11 as device 110, four precision
registration holes are placed in the Kapton sheet 112 outside
matrix T14 and array of pads, e.g. registration holes 116 and
118. Fewer or more registration holes may be employed
depending on the application. These holes match four
equivalent holes in the opposing component such as a
printed wiring board. Alignment of the pads on the matrix to
the Jands on the board is facilitaled wilh precision ping
pressed through the holes in the Kapton inlo the matching
holes in the printed wiring board. These precision pins can
be molded into the device alignment frame which provides
alignment of the device to the board in a single molded piece
purl. Any elastomeric material covering the registration
holes in the Kapton should be easily penetrated by the pins.
Alicrnatively, the matrix may be die cut and predetermined
section removed from the carrier sheel. Other features, such
as registration slots, can be added to the Kaplon sheet to
align it with the conneclor housing, support frames or other
alignment and support devices commonly used.

In yet apother preferred embodiment showa in FIG. 12,
the array of pads 124 are formed by well understood
methods on a separate carrier sheet 122. In this embodiment,
a Kapton sheet 123 may also be attached to camier sheet 122
which is in intimate contact with the pads and contains
registration holes 116 and 118. The pads are copper and are
codled with conductive adhesive 125. ‘The carrier sheel
assembly is laminated to a sheet of BCPI 121 bonding the
pads to the ECPI sheet. The cacrier sheel is peeled away
leaving the pads and Kapton sheet attached to the ECPI.

In another preferred cmbodiment shown in FIG. 13,
carrier sheet 133 with Kapton 133 and copper pads 134 is
built without the conductive adhesive. Sheet 133 is coated
with the uncured ECPI formulation and run through the
ECPI manufacturing process. The resvlting sheet of BCPL
131 is intimately bonded to the copper pads and Kapton
carrier sheet. The carrier sheet is peeled away leaving the

also he formed in the suppertshoot:

When the elastomeric matrix is formed it will fill the holes
in support film 66. When carricr shect 64 is removed from
support film 66 (FIG. 6B), a structure comprising elasto-

meric matrix 62 and support film 66 remains. The support 5

film seals the surface of the elastomeric matrix and particles
embeclded therein and provides additional dimensional sta-
bility to the structure. The cxposed pads 67 are then ctched
and plated, e.g. plate 68, as described carlier, with aspirates
as peeded. The resulting structure (FIG. 6D) provides a
stable, sealed surface which can be readily cleaned. This
structure facilitates repeated use as needed for test sockels
and burn-in sockets,

In yet another prefecred embodiment, shown and gener-
ally referred to in FIG. 7 as device 70, device 70 comprises
malrix 72, carrier sheet 78 and two additional support films
74 and 76. Device 80 (FIG. 8) comprises matrix 82, support
film 84 and modified carrier sheet 86. When sheet 78 and
film 76 or modified sheet 86 are removed from their respec-
tve devices small spaces, e.g. spaces 90, are lefl between the
surface of the pads and the surrounding area, as shown in
FIG. 9. The spaces serve two purposes: they allow the device

6t
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pads and Kapton sheel attached to the ECPI.

As previously noted, although the device 110 has pads on
only one swiface, the device may be modified to provide
pads on both surfaces, with the support film oa one or both
sides of the elastomeric matrix. The struclure described
above can be combined in several ways to address the
Interconnection needs of a specific application.

Separable Surface Pads

There are several applications where it is advaatageous to
have the pad layer as a separate structure or appliqué which
may be mounled on the outer surface of the matrix of (he
device. The appliqué would be aligned relative to the device
and an opposing component, e.g. a circuit board, but the
matrix of the device would not require orientation relative to
the pad layer, FIG. 14 shows such a structure. With this
structure the pad would serve as the interface between
malrix 148 and the component contact. The matrix would
provide the needed compliance to allow for interconnection
between the components.

One, preferred embodiment of the appliqué, generally
shown and referred to in FIG. 14 as appliqué 142 of device
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140, would comprise a nonconductive sheet 144, such as
Kapton, which has holes 146 formed on the same grid as the
contact array. ‘These holes would be populaled by small
floating pads 150. Depending on the application, these pads
typically would have a diameter comparable to the land or
solder ball diameter, and a height of between about 0.010 (o
0.020 inch. They would have a reduced diameter middle
portion 152 (FIG. 15) or “waist” and two opposing ends
portions 154 and 156 which are larger in diameter than the

middle portion, wherein the holes 146 of the nonconductive

sheet or support layer have a diameter which is smaller than
the diameters of the opposing ends, which would allow the
pads Lo be captured in the hole in the Kapton. The compli-
ance of the Kapton would allow for one of the ends of the
pads 10 be actively pushed through the hole without pushing
the opposing end through the hole as well. The pad floats in
the hole by virtue of the reduced diameter middle portion
and is retained in the hole by virtue of the larger end
poitions. The pad could move up and down the length of the
waist while being held in place laterally.

The floating pads may be machined from metal such as
brass using a screw machine tool, and barrel plated with gold
or solder. Allernalively, the Noating pad may be molded
trom plastic and plated to create the coaductive path. The
plating process starts with an clectroless copper plate and is
followed with nicke] and solder or gold as needed. These
plating teclhniques are well known to those skilled in the arl
of plating. 'I'he metal coatings could alternatively be applied
by overmolding techniques where the molds are plated first
with a metal, such as silver, before filling the molds with the
plastic material. Asperities 158 (FIG. 15) may be formed on
the pads by using a mold insert having a roughened inside
surface and may he coated with plating 151.

In another preferred embodiment of the appliqué, shown
and gencrally referred to as appliqué 160, sheet 162 and pads
164 are molded ow of plastic, with or without molded
asperities 166, and plated with conductive plate 168. The
shape of the pads may be oplimized to match the opposing
contact. The appliqué of this embodiment may be made by
inserting a Kapton carricr with holcs on the component grid
inlo a molding press where plateable conducting contacts are
then molded into each of the holes. The geometry of the pads
and any asperities desired would be defined by the geometry
and inside sucface of the molding press. The resulting
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with nickel, followed by gold, solder or any other suitable
material, as needed. The photoresist on the lead frame is
removed, and the copper flash etched from the frame,
eliminating conductive paths. The etch will not attack the
solder or gold finish on the contacts.

In yel anotber method, the contact pads are preferentially

" metalized by masking the lead frame and applying metal by

spultering or other lorm of vapor depaosition.

The above described methods may be combined in
numerous ways 1o achieve the desired geometry. One such
combination would comprise the step of molding a contact
pad array with lead frame attached. This entice assembly is
then plated with the techniques described above. The array
of contacts pads would be gang inserted into a Kapton sheel
with matching holes. As the array of pads is inscrted, the
lead frame is removed and discarded.

Bulk Properties of Elastomer

Magnelically aligned systems, such as ACEs, use very
little metal, and the material tends to take on the elastic
behavior of the basc elastomer. However, as noted above, the
behavior of the elastomeric material is critical to the success
of the device’s performance. Previously used materials, such
as highly filed malerials, typically exbibit ule residual
spring force which reduces the reliability of the contacl and
virtually precludes multiple device insertions with different
devices. In the present invention, these drawbacks are over-
come by using a recently developed “perfectly” elastic base
elastomers which exhibil nearly perfect elasticity over a
broad temperature range. Specifically, NuSil CF1-6755
(available from NuSil Technology, Carpinteria, Calif)) has
been identified as having close to ideal behavior. In a
preferred embodiment, the matrix is fonmed from a blend of
from 5% 10 25% by volume of magnelically aligned par-
ticles in a base of NuSil CF1-6755 or its equivalent (by
cquivalent is meant an elastomeric material thal retains at
least 90% of its modultus of compression over a lemperature
range of ~50° C. to 200° C.). This combination will not take
a sel over a wide lemperalure range.

When these “perfectly” elastic materials are used lo
intercannect components 10 other components, such as
boards, exlernal clamping springs such as those required by
other types of sockets, are no longer required. Closure of the
socket to a fixed displacement of the ACE material will

conlacts pads would be cleetrolessly-plated-with-canductive

materials that would not plate on the Kapton, providing the
needed array of plated contact pads.

Allernatively, an inlegral molded lead frame may be used
to mechanically orient the plurality of pads so that they were
held on the contact grid, thus climinating the need for the
carrier sheel. The pads would be preferentially plated with
the appropriate metal system (o address the needs of the
interconnection. ‘I'be lead frame would, in ils fnal stale, not
be plated, leaving it noo-conductive. This can be facilitated
by several differcnt methods.

One such method utilizes a double molding process,
wherein the lead frame and contact pads are molded from
different plastics. The pads are be formed from a plateable
plastic and the lead frame is formed from a noo-plateable
plastic. .

In another method, the entire surface of the contact pad
and lead frame would be plated with a thin flash of copper,
providing a conductive path for electroplating. A non-
plateable photo resist would be coated over the entire parl,
and processed to be removed from the cootacts but remain
oo the lead frame. The assembly would then be electroplated

60
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establish a spring force which will remain fixed over the life
of the product.

As noted, elastomers tend to behave like incompressible
fluids. A distribution of space must be provided for the
elastomer to flow or bulge into as the material is com-
pressed. Several methods may be employed to form the
needed flow space. For example, as noted above, the surface
structure can be modified by the addition of conducti ng pads
as described above. A volume of space is created by the
thickness of the pads. These pads would be on the same grid
as the contacts of the device and board. In addition, or
altecpatively, microspheres of compressible material, such
as air filled particles, may be introduced into the marrix of
elastomer.

In yet another alternative method, foamed elastomer
materials may be utilized which combine the elastic prop-
ertics of the NuSil silicone (available from NuSil
Technology, Carpinteria, Calif.) described above with the
ability to create highly controlled size and distribution gas
particles throughoul the elastomer matrix. Such a malerial,
for example, is NuSil Silicone Foam CF3-2350. In a general
sense, the pore size or diameter of entrained gas particle
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should be less than 20% the size of the conducting particle.
This material will be a perfectly elastic medium which is
compressible,

In yet another method for creating the elastomer sheet, the
conventional practice is to usc a flat carmer web. The
‘elastomer takes on the shape of the web. A modified web
may be used which has recesses (like the surface of a golf
hall) on the same grid as the contact surface. The resuliing
sheet will have the space needed for the elastomer 1o flow,
It may also be possible to form a carrier sheet which has a
recess grid which is much finer than the intended contact
grid. This will climinate the need to orient the elastomer
relative to the.conlact array of the device.

Flow space may also be formed by increasing the mag-
netic field level during ACE manufacture. This increase in
the magpetic force tends to pull the magnetic particles from
the surface and create columns with ao extra particle thick-
ness in the column, but will leave the 1ést of the elastomer
sheel at its basic thickness. This exira particle protrudes
from the surfacc of the matrix to form a convoluted surface
(with erupted portions aligned with the columns), which
provides additional space for the elastomer to move 1o
during compression,

The device of the invention may be used in al least three
different areas in a connector to optimize the interconnec-
uon. The device may be used botween fwo or more
components, e.g. a board, 10 provide electrical contact. The
device may also be used a component, such as a board, and
4 heat sink. ‘The laller devices are preferably highly convo-
luted 10 maximize thermal contaci. These convolutions
provide the space needed for the material to Row during
compression. The thermal conducting material also gener-
ally comprises a higher percentage of metal particles in the
malrix, prelerably between about 20 1o 25%, than eleclri-
cally conchucting material, which preferably comprises less
than 12% metal particles. As a result, the thermal conducting
material tends to be more isotropic than anisotropic. The use
of an isotropic thermal elastomer between the device and
heal sink also spreads the conapressive load uniformly across
the device, reducing the opportunity for damage to the
device.

Alternatively, the device may be used in addition to a
metal stiffener which is normally required on the back side
of the printed circuit board to maintain a uniform compres-

14

chip 202 sandwiched beiween two layers of ¢lastomer. A top

- Jayer 204 provides thermal contact to remove heat, via heat
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sink 208, fromi e chip, and 3 hollom layer 206 provides
electrical contact between the chip 202’s pad layer and lead
frame 210. The combination of clastomers as shown pro-
vides excellent mechanical and environmental protection to
the chip. Compression of the elastomer would occur as can
212 is sealed with swaged seal 214 around base 216.

The device and methods described above primarily used
to create a conducting matrix for subscquent assembly into
an interconnection device. However, other uses are envi-
sioned to inlegrate the manufacturing of the conducting
matrix directly into the board or Rex circuil manuflacturing
process. For example, the Mylar carrier sheet may be
replaced by a flex cireuit. A sheet of the conducting matrix
would be formed on the surface of the flex circuit and
bonded to it. Interconnection of the flex to the board or
device would be facilitated by compressing Lhe flex circuit/
conducting matrix to the mating contact using appropriate
housing and alignment hardware.

With respect to planarization of BGA devices, the balls of
solder typically have a tolerance on their thickness. The
device lo which they are attached may huve a certain amount
of warpage due to the construction process and materials
used. As a result, the surface formed by the botiom of the
array of solder balls is not a flat plane, but an irregular shape.
The irregular shape constrains the choice of the intercon-
nection medium because (he irregular shape demands that
the interconnection medium have a large dynamic range.
The need for a lacge dynamic range limits the choices of
interconnection medium and increases the system cost.
However, (he device of the invention may be used to make
a separable connection 10 4 BGA by alow cosl modification
to the package which will planarize the array, thus allowing
the BGA to be readily connectorized,

Using a heated flat surface which is not wetable by solder,
the BGA package is pressed against the plate. The tempera-
ture of the surface is such that the solder will soften and
extrude as the solder ball is pressed against the surface, with
the array of solder balls conforming to the heated plate. A
controlled compression “can be used such that the final
dimension from the top of the package to the plane of the
BGA surface is highly controlled. ‘The resulting array of

flattened &d@Lan&wfaceMvg\;ldfaew—fer—mfﬁni'e*pluuc.

sive foad between the board and device. An unfilled, insu-
lating elastomer can be placed between the stittener and
board, to assure a wniform load across the surface. Although
this materia) behaves like an incompressible fluid, it will not
provide a perfectly uniform load leveling action. This can be
corrected by perforating the elastomer with an array of
boles. This will allow for local deformation, while assuring
a uniform load distribution, Alternatively, the elastomer may
be filled with compressible particles or gas particles to
achieve the same effect. Without perforation of the
elastomer, or creating space by one of the means described
ahove, true Joad leveling cannot aceur,

In addition to the applications describect above, the device
may be used to interconnect device package lo device
package; board to board; board 1o flex or any combination of
same.

These clastomeric materials can also be used in the
packaging of the device with one or more components.
Rather than use wire bonding to attach a component (o a lead
frame package or other device interconnect struclure, a very
fine pitch.elastomer is used to attach chip 202 to the lead
frame structure (FIG. 17). Device package 200 comprises

60

. This surface would now be optimized for interconnoction

using thin ACE materials. Furthermore, the bottoms of the
balls would each have a flat surface. The balls used in the
BGA package may alternatively comprise a solder-coated
metal ball, rather than a ball consisting entirely of solder. For
purposes of this description, the term “solder bal)” refers o
both pure solder balls and solder-coated metal balis.

In a preferred embodimeat, the heated flal surface could
be a Teflon coated hot plaie with a regulated temperature
control. The final thickness of the device would be con-
trolled by.a fixture attached to the hot plate, with a limiting
stop which establishes the location of the array of flattened
solder ball surfaces.

Generally, to carry out the method of the invention, foc
maling an elastomeric device for electrically interconnect-
ing {wo or more components, a plurality of conduciive,
magnetic particles are embedded in an clastomer which
preferably retains 90% of its modulus of compression over
a temperature range of between about -50° C. 10 200° C. by
mixing the purticles in the clastomer before the elastomer
sets and applying a magnetic foree to the particles so that the
particles align themselves in electrically isolated columns as
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the elaslomer sets (o form an elastomeric matrix having one
or more ouler surfaces and comprising one or more eleclri-
cally conductive pathways through the mairiy, Afier the
particles are embedded, onc or more clecirically conductive
contact pads arc provided and fixed 1o the matrix so that at
least a portion of one or more of the pads is Rush with or
extends outward from one or more of the outer surfaces of
the malrix and, so that at least a portion of the pad is in at
least intimate contact with one or more of the pathways. The

pads may be fixed (o the malrix by spultering, vapor |

deposiling, plating, bonding or a combination thereof, with
or witliout the use one or more carrier sheets and/or support
films. Alternatively, the pads may be fixed to the matrix as
an appliqué of floaling or non-foating pads using the
lechniques described above.

‘I'he device made by the method is enhanced by crealing
one or more means for providing flow space into which at
least a portion of the matrix may fow nnder compression,
Wwherein the step of creating one or more means for provid-
ing flow space comprising one or more of the following
steps: embedding one or more microspheres in the elastomer
as its sels 1o form the matrix; forming a plurality of raised
surface asperitics in one or more of the ouler surfaces of the
matrix as the elastomer sets; and/or trapping one or more gas
particles in the matrix as the elastomer sets. The pathways
formed may be anisotropic and comprise up to about 25%
magretic particles by volume of the elastomeric matrix, The
pathways preferably comprisc at lcast about 3% magnetic
particles by volume of the elasiomeric matrix. The method
preferably utilizes a plucality of thé columns of magnetic
particles wherein at least one end particle proximate one or
more of the outer surface of the matrix, and wherein one or
more of the pads is in intimate contact with an end particle
of ane or more of the columns of particles, wherein the pads
preferably comprise one or more layers of metal in ar least

intimate contact with one or more of the outer sucfaces of the -

" matrix and one or more of the pathways.

In methods in which an applique of pads are used, the
pads are @ known number and comprise two oppusing end
portions having a diameler and a middle portion having a
diameter smaller than the diameter of the end portions, and
wherein the step of providing one or more clectrically
conductive contact pads comprises the steps of, providing
one or more non-conductive, pliant support sheels compris-
ing a plurality of holes, having a diameter smaller than the
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2. The device of claim 1, further comprising one or more
meauns for providing flow space into which at least a portion
ol said matrix may Now under compression.

3. The device of claim 2, wherein said means for provid-
ing flow space comprises onc or more compressible micro-
spheres imbedded in said matrix. :

4. The device of claim 2, wherein said means for provid-
ing flow space comprises spaces formed between a plurality
of raised surface asperities on one or more of said ovter
surfaces of said matrix.

5. The device of claim 2, wherein said means for provid-
ing flow space comprises one or more gas particles located
in said matrix.

6. The device of claim 5, wherein said pathways comprise
one or more conducting particles and wherein said gas
particles are of a size which is about 20% or less than the
size of said conducting particles.

7. 'T'he device of claim 2, wherein said means for provid-
ing flow space comprises one or more spaces formed
between two or more of said pads which extend outward
from said surface of said matix.

8. The device of claim 2, further comprising one or more
asperities on ane or more of said outer surfaces, wherein said
means for providing flow space comprises one or more
spaces formed between two or more of said asperitics.

9. The device of claim 2, wherein one or more of said
pathways comprises a plurality of electrically conductive
pacticles, wherein one or more of said particles extends
outward from one or more of said outer surfaces, and
wherein said means for providing flow space co mprises ooe
or more spaces formed between two or more of said particles
extending outward from said one or more of said surfaces.

10. The device of claim 1, wherein said pathways are
anisofropic and comprise up to about 25% magnetic payr-
ticles by volume of said elastomeric matrix.

11. The device of claim 10, wherein a plurality of said
magnetic particles are aligned to form one or more arrays of
electrically isolated columns having at least one end,
wherein one or more of said pads is in contact with an end
of one or more of said columns of particles.

12. The device of claim 1, wherein one or more of said
pathways comprises a plurality of particles aligned to form
a colurmn having at least one end, wherein one or more of
said pads is in contact with at least one of said ends of one

ormore ol suid columms of particies.

diameter ot the end portion of the pads, through the, sheet
cocresponding to the number of pads; and pushing one of the
opposing ends portions of each of the pads through one of
the holes 50 thal the pad is caplured in the sheel,
Although specific features of the invention are shown in
some drawings and not others, this is for convenience only
as some feature may be combined with any or all of the other
features in accordance with the invention. Other embodi-
menls will occur to those skilled in the art and are within the
following claims,
‘What is claimed is:
1. An elastomeric device for electrically inlerconnecting
WO 0r more components, comprising:
an elastomeric matrix having one or more outer surfaces;
a plurality of electrically conductive pathways through
said matrix, the pathways each comprising a plucality
of particles; and
a plurality of electrically conduciive contact pads integral
with said matrix, said pads each in electrical contact
with 4 plurality of conductive palhways, wherein at
least a portion of one or more of said is fush with or
extends outward from an outer surface of said matrix,

5s

60

65

13. The device of claim 1, wherein one or more of said
pads comprises one or more layers of metal in at least
intimate contact with one or more of said outer surfaces of
said malrix,

14. The device of claim 13, wherein said pads together
form an array of electrically conductive pads across one or
more of said outer surfaces of said matrix,

15. The device of claim 14, wherein al least one of sajd
components is a circuil board comprising an array of elec-
trical contact points, (lands), and wherein said array of pads
corresponds to said array of contact points on said board.

16. The device of claim 14, wherein at least one of said
components is a heat sink, and wherein said matrix is
isolropic to conduct heat from said circuit board to said heat
sink, '

17. The device of claim 14, wherein al least one of said
components is a ball grid array comprising an array of solder
balls, and wherein said array of pads corresponds to said
array of solder balls.

18. 'The device of claim 1, wherein one or more of said
pathways comprises a plurality of electrically conductive
particles aligned in a column having at least one end particle
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coated with a metal, and wherein said portion of said pad,
that is in at Jeast intimate contact with one or more of said
pathways, is in contacl with said coated end particle and is
coated with onc oc morc metals that is compaltible with said
mcia] coating on said end particle.

19. The device of claim 1, wherein said matrix comprises
one or more elastomers which retains about 90% or more of
ils modulus of compression over a tewperature range of
between about ~50° C. to 200° C.

20. The device of claim 1, wherein one or more of said

pads has at least one outer surlace, wherein at leasl a porlion
of said outer surface comprises one or more electrically
conductive coatings. :

21. The device of claim 20, wherein one or more of said
coatings comprises one or more metallic layers.

22. The device of claim 1, wherein one or more of said

pads has at least one outer surface comprising one or more

asperities.

23. The device of claim 1, wherein one or more of said
pathways comprisc a plurality of conducting particlcs
aligned in one or more columns having at least one end
particle, and wherein one or more of said pads form a bond
with said matrix and with one or more of said end particles.

24. The device of claim 1, wherein said outer surfaces of
said matrix comprise a first surface adapted 1o face one of
said components and a sccond surface adapted 1o face a
second of said components, wherein one or more of said
pathways extends from at least proximate to said frst
surface to at least proximate said second surface and
wherein ane or more of said pads are located on said first and
second surfaces.

25. The device of claim 1, further comprising one or more
support films.

26. The device of claim 25, wherein at least one of said
support films is a earrier sheel.

27. The device of claim 25, wherein a1 least one of said
support films is removable.

28. The device of claim 25, wherein one or more of said
components comprises registration holes, and whecein at
least one of said films comprises one or more registration
holes in said film which correspond o said registration holes
of said component,

29. The device of claim 25, wherein one or more of said
components comprises registration holes, and wherein one
or more of snid films comprises one or more precision pins
which correspond to one or more of said registration holes
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35. The device of claim 1, wherein a plurality of said pads
are mounted to said -matrix as an applique.

36. The device of claim 35, wherein said applique com-
priscs a support layer which holds onc or more of said pads
in one or more predetermincd locations in said support laycr.

37. The device of claim 36, wherein one or more of said
pathways comprise a plurality of conducting particles
aligned in one or more columns having at least one end
particle proximate one or more af said ouler surfaces of said
matrix, wherein said predelermined localions correspond (o
one or more of said end parlicles.

38. The device of claim 36, wherein said support layec
comprises two opposing sides, wherein one or more of said
pads which is held in said support layer comprises two
opposing ends partions which are larger in diameler than a
middle portion, wherein said boles of said support layer have
a diameter which is smaller than the diameters of said
opposing ends, and wherein said larger opposing end por-
tions of one or more of said pads extend outward from said
opposing sides of said support layer and said middle portion
of said pad is captured in said hole.

39. The device of claim 38, wherein said middle portion
of said pad has a length and said pagd is capable of floating
up and down in said hole to the extent of said length of said
middle portion.

40). ‘The device of claim 38, wherein said pads are brass.

41. The device of claim 38, wherein said pads are molded
plastic and comprise one or more conductive layers.

42. The device of claim 41, whercin said conductive
layers comprise a layer of copper and one or more subse-
quent layers of nickel and solder,

43. The device of claim 41, wherein said conductive
layers comprise a first layer of copper, a second layer of
nickel and onc or more subscquent layers of gold.

44. The device of claim 38, wherein said pads have one
or more surfaces and comprise one or more asperities in one
or more of said pad susfaces.

45. The device of claim 38, wherein said pads comprise
conductive plastic,

46. A method for making an elastomeric device for
electrically interconnecting two or more components, com-
prises the steps of,

embedding a plurality of conductive, magnetic particles in

an elastomer which retains 90% of its modulus of
compression over a lemperalure range of belween
about -50° C. 10 200° C. by mixing said particles in

of said components.

30. The device of claim 25, wherein at least one of said
films comprises one or more moualing holes in said film
. which are al least partially filled with said elastomeric
mateix.

31. The device of claim 25, wherein at least one of said
films comprises one or more contact holes adapted to receive
therein at least one or more of said pads.

32.'T'he device of cluim 31, wherein at leasl one of said
films is removable, which, if removed, will leave behind
spaces between two or more of said pads into which at least
a portion of said matrix may flow when compressed,

33. The device of claim 25, wherein at least one of said
films comprises one or more contact holes adapted to receive
therein at least one or more of said pads, and wherein at Jeast
one or more of said pads has an outer surface which
protrudes from said contact holes.

34, The device of claim 25, wherein at least one of said
films comprises one or more contact holes adapted to réceive
therein al least one or more of said pads, and wherein al least
one or more of said pads has at least an outer surface which
is exposed and coated with one or more metals.
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said clastomer before said elastomer seis and applying
a magnoelic force to said particles so that said particles
align themselves in electrically isolated columns as the
elastomer sets lo (orm an elastomeric matrix having
one or more outer surfaces and comprising one or more
clectrically conductive pathways through said matrix;

providing one or more electrically eonductive contact
pads; and

fixing one or more of said electrically conduclive contacl

pads to said malrix, so that at least a portion of one or
more of said pads is flush with or extends outward from
one or more of said outer surfaces of said matrix and,
so that at least a portion of said pad is in at least
intimate contact with one or more of said pathways.

47. The method of claim 46, further comprisingthe step
of creating one or more means for providing flow space into
which at least a portion of said matrix may flow under
compression.

48. The method of claim 47, wherein said step of creating
one or more means for providing flow space comprises
embedding one or moce compressible microspheres in said
elastomer as its sets to form said matrix.
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49. The method of claim 47, wherein said step of creating
one or more means for providing flow space comprises
forming a pluralily of raised surface asperities in one or
more of said outer surfaces of said matrix as said elastomer
scts.

50. The method of claim 47, wherein said step of creating
one or more means for providing flow space comprises the
step ol trapping ane or more gas particles in said matrix as
said elastomer sets,

S1. The method of claim 46, wherein said pathways arc
anisolropic and comprise up to about 25% magnetic par-
ticles by volume of said elastomeric matrix.

52. 'The method of claim 51, wherein a plurality of said
columns of magnetic particles has at least one end particle
proximate onc or mor¢ of said outer surface of said matrix,
and wherein one or more of said pads is in intimate contact
with an end particle of one or more of said columns of
particles. '

53. The method of claim 51, wherein said pathways
comprisc al least about 3% magnetic particles by volume of
said elastomeric matrix, ’

54. The wethoad of claim 46, wherein one or morve of said
pathways has at least one end parlicle, and whecein one or
more of said pads is in intimate conlact with a1 least one of
s aid cod parlicles of one or more of said columns of
particles.

§5. The method of claim 46, wherein one or more of said
pads comprises one or more layers of metal in at least
intimate contact with one or more of said outer surfaces of
said matrix and one or more of said pathways.

56. The method of claim 46, wherein said pads are a
known number and comprise fwo opposing end portions
having a diameter and a middle portion having a diameter
smaller than said diameter of said end portions, and wherein
said step of providing one or more electrically conductive
contact pads comprises the sleps of,

providing one or more non-conductive, pliant support

sheets comprising a plurality of holes, having a diam-
eter smaller than said diameter of said end portion of
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said pads, through said sheet corresponding to said
number of pads; and

pushing one of said opposing ends portions of each of said
pads through one of said holes so thal said pad is
captured in said sheet.
57. Adevice package, wherein one or more chips and ooe
or more compoanents are electrically interconnected,
comprising,
one or more layers of elastomeric material beiween said
chip and said component, wherein al least one of said
layers provide electrical contact between said chip and
said component, and wherein said layer which provides
electrical contacl comprises,
an elastomeric matrix having one or more outer sur-
faces;

one or more electrically conductive pathways through
said matrix; and

one or more electrically conductive contact pads,
wherein at least a portion of said pad is in at least
intimale contact with one or more of said pathways.

58. A device package, wherein one or more chips and one
or more heat sinks are interconnected so that heat may be
transferred from said chip to said heat sink, comprising,

a can having a first and second opposing surface, wherein

said first opposing surface is adjacent to said heat sink;

a top layer of elastomeric material provided between said
chip and said second opposing surface of said can,
wherein said top layer provides thermal contact
between said chip and said can;

a bottom layer of conduciing elastomeric material
between said chip and a lead frame, wherein said
boltom layer pravides electrica) contact hetween said
chip and said lead frame.

59. The device package of claim 58, wherein said bottom

layer comprises elastomeric conducting polymer intercon-
nect.




