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| NTERCONNECT| ONS DESCRI PTI ON 1. Field of the Invention The

present invention is directed to an electrically conductive paste useful
in form ng el ectroconducti vé#connecti ons between el ectroconductive
menbers. The invention is further directed to a nethod of formng

el ectroconducti ve connections between el ectroconductive nenbers utilizing
the aforenentioned electrically conductive phste. 2. Background of the

Invention  Electrigg) lpkes OSSHIRICTYEE CORPOSITEEORR kRECHATALND
el ectroconducti ve connections between conducti ve

INTERCONNECTIONS

DESCRIPTION

1. Field of the Invention

The present invention is directed to an electrically
conductive paste useful in forming electroconductive
connections between electroconductive members. The
invention is furthér directed to a method of forming
electroconductive connections befween electroconductive

members utilizing the aforementioned electrically

conductive paste.
2. Background of the Invention

Electricaliy conductive compositions for forming
electroconductive connections between conductive
members, i.e., termination pads on a chip and pads
assoc_:iated with circuits printed on a circuit board,
are well known in the art. Indeéd, conventional solder
compositions which comprise eutectic alloys, such as

lead~tin alloys, have long been known in the art. Such
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nenbers, i .e., termination pads on a chip and pads associated wth
circuits printed on a circuit board, are well known in the art. |ndeed,
conventi onal sol der conpositions which conprise eutectic alloys, such as
| ead-tin alloys, have | ong been known in the art. Such
2 - materials, however, require the inclusion of a flux
renove oxi des resident on the surface of the solder netals. These fl ux
materials which are acidic in nature, are t8rrosive to the highly val uabl e

el ectrical conponentgchbPpl1sr Rowe®), Cfdduliza! the 1ROIAICHESE ARGuare usually
renoved by the use of solvents. However, traditional flux renova

solvents, such as ComposAiinCEY iredBd® Uxaliby rdaliaedt onabhe sudacd log r use
conplicates the manufacturing procedures wherein flux materials are
utilized. Thus, fl uxhenBbKdrametdlisnd Tiese Shik Imaseriylal whidl amei n

el ectrical assenblies requiring the connection of expensive electrical
conponents used in noddia Bl easture,alarancbrrosive to the highly valuable

conposition to

electrical components that are so electrically
comnected, and are usually removed by thé use of
solvents. Hoﬁever, traditional flux removal solvents,
such as CFCs, are environmentally objectionable and
their use complicates the manufacturing procedures
wherein flux materials are utilized. Thus, _ flux
materials find less and less application in electrical
assemblies' requiring the connection of expensive
electrical components used in modern electrical and

electronic devices such as computers and the like.

New electrically conductive pastes have been developed
in view of this known disadvantage of eutectic alloys.
Typically, these pastes comprise electrically
conductive metal powders and a thermosetting resin
material. Such materials are applied to the electrical
components then heated to form an electrical
connection. During that heating the thermosetting
resin cures. Although it is known to utilize a non-
oxidizing metal as the electrically conductive powder

in these new pastes, thus avoiding the necessity of



el ectroni c devi ces such as conputers and the like. New el ectrically
conductive pastes have been developed in view of this known di sadvant age

of eutectic alloys. Typically, these pastes conprise electrically
conductive netal powders and a~thernobsetting resin material. Such
materials are applied to the electrical conponents then heated to form an
el ectrical connection. During*fat heating the 3t_her nmosetting resin
cures. Although it is known to utilize a non- oxidizing netal as the

el ectrically conducti vestgddeing a filux] seck mberpeld ase ¢hmrscterdizddny t he
necessi ty. of 3 - utilizing a flux,
such materials are charthe disadvinyggequse puepeatyant agtobsing veralitgbde. not
being reneltable. Those skilled in the art are aware that upon curing of

a thernosetting resin, Thaseoskilledidn ther art Are puare fhefe FroPHyHELCHhavi ng
a crosslinked structure cannot be renelted or dissqQlved. Thus, such

electrically connect ed®dasBeRsktdns, Frsdm o4 Fi98s gEPEhurs s

formed. Polymers having a crosslinked structure cannot
be remelted or dissolved. Thus, such electrically
_connected components, which can be quite expensive,
cannot be easily disconnected and reconnected, when
necessary, by mei:el.y heating or redissolving the
conductive paste to disconnect the components and

thereafter reconnecting them using the previously used

or fresh identical paste.

A recent development, which provides.a significant
advance in the art, is described in U.S. Patent
5,062,896 which is incorporated herein by reference.
The '896 patent is directed to a composite polymer-
solder paste which included a eutectic metal alloy
powder filler, said alloy having a melting point faelow
200 °C, present in a concentration of about 85% to 93%

by weight, based on the total weight of the paste.

The paste composition of the ‘896 patent included, as a
second component, a thermoplastic polymer., It is the

presence of that thermoplastic polymer which represents



canhot b& easily disconnected and reconnected, when necessary, by nerely
heating or redissolving the conductive paste to di sconnect the conponents
and thereafter reconnecting themusing the previously used or fresh

i denti cal paste. A recent devel opnment, which provides a significant
advance in the art, is described in U S. Patent 5,062,896 which is

I ncorporated herein by reference. The '896 patent is directed to a
conposite polymer- solder paste which included a eutectic-netal alloy

powder filler, said gld Q¥edie 38 ehd Rkt vggw bep@%ggévggg Xl ergda C, present

in a concentratlon of about 85% t0-93% melg on the tota

wei ght of the paste. themopﬂbﬁ:iﬂaﬁéﬁyﬁn@@%@ ?&h&f of he 8866 Ratest
i ncluded, as a second conponent, a therno stic polymer. It is the

pz esence of that thepsmakaStdaeloPhy 6F tubllfahtéepmesams% skilled in

o the art are aware, a thermoplastic polymer does not
cure into a three-dimensional network. Rather, the
thermoplastic polymer, which in the ‘896 patemnt is
preferably a poly(imide siloxane), because it

essentially does not crosslink, can be remelted or

redissolved.

A third component included in the paste of the '896
patent is a volatile organic solvent having a boiling
point above the melting point of the alloy powder but

below the maximum reflow temperature of the composite

paste composition.

Finally, a fourth and last essential component of the
'896 composite paste is a transient flux material which
is an aliphatic monocarboxylic acid having a boiling
point between about 140°C and 200°C. It is noted,
however, that an aromatic monocarboxylj;c acid, such as
2-methoxybenzoic acid, may also be utilized. The flux

material is generally present in an amount of between

about 0.5% and 1.5% by weight.



the’advafice in the art provided by this patent. The thernoplastic polyner
of the paste of the '896 patent permts renelting of the paste. As those
skilled in the art are aware, a thernoplastic polyner does not cure into
a three-dinmensional network. Rather, the thernoplastic polyner, which in
the '896 patent is preferably a poly(imde siloxane), because it
essentially does not crosslink, can be renelted or redissolved. Athird

conponent included in the paste of the '896 -%atent is a volatile organic
sol vent having a boi lsjpg

LRE gQye Peidd B8 6R Phodlpatbee al | Oy powder
but bel ow t he maxi mtm r%‘ﬁ%w tet?rf%era‘t:gt#gsof c,:nhe-corrposﬁl'tém paste

conposi tion. Fi nalght ch andy0 $hé tudRNpt Rtlal CsoipBhéitls ga8PaeNt of the ' 896
conposite paste is a transient flux nmaterial which is an aliphatic

nonocar boxyli ¢ aci d hawfagtantBoatd Rfie D)t réficsests abeygniFieket r| C and
200C. It is noted, however, that an aromatic nonocarboxylic acid, such as
2- met hoxybenzoi ¢ aci chdvaiye ains 6h®eaxtl, i soladdg dhdtf davs the rpaoblem| S
generally present in an anount of between about 0.5% and 1.5% by wei ght.

assoclated with remelting of metal powder-polymer

composites, does not overcome the other major problem

associated with the materials of the prior art. That

is, the problem associated with acidic fluids, which

evolve from the fourth essentisal transient flux

material and have a detrimental corrosive effect upon

the expensive electronic components which are

electrically connected by the paste, is unaddressed.

A flux component must be included in the paste of the
‘896 patent because of the inclusion therein of
oxidL-zable metals, as made clear by the use therein of
metals having a melting point of less tham 200°C. As
such, the advanc_:e in the art provided by the paste of
the 896 patent does nmot address all the problems
associated with the electrically conductive

interconnecting materials of the prior art.

SUMMARY OF THE INVENTION

A new electrically conductive paste has now been



-5- "Al t hdugh the paste conposition of the '896 patent,
opti onal conponents such as surfactants and the |like, represents a
significant advance in the art, solving as it does the problem associated
with renelting of nmetal powder-polyner conposites, does not overcone the
ot her major problem associated with the materials of the prior art. That
I's, the problem associated with acidic fluids, which evolve fromthe
fourth essential transient flux material andghave a detrinental corrosive
effect upon the expensive electronic conponents which are electrically
connect ed by the pastdevelepeshgbdele pyegcomes the |nrebtewspansecistediwitdh

i ncluded in the paste of the '896 patent because of the inclusion therein
of oxidizable netal s® %r?ﬁ@é“lﬁ?%‘!fr copregidions O[fhgl%llﬁ:iﬂf arteised RQaving a

melting point of |ess 2QQC. in the a rovi ded
by the paste of the © rb‘é”tqg'ﬁt °?1‘H’é"§%n5 e°§58?%‘§‘€‘°5 Yet"’r?g ojieis] »

the electroconductive paste of the present application

whi ch may i ncl ude

not only permits remelting of the paste but, in
addition, solves the-problems associated with acidic

fluxes by eliminating a flux material therein.

In accordance with the present invention, an
electrically conductive paste is provided. The paste
includes a thermoplastic polymer, a conducting metal

powder, and an organic solvent system.

In further accordance with the present invention, an
electrically conductive composite is described. The
composite comprises at least 30% by volume, based on

the total volume of the composite, of a conducting.

metal powder.

In still further accordance with the present invention,
a method of circuitizing a flexible substrate to create
a flexible circuit is provided. In this method,
electronic components, such as integrated chips and
surface mount devices, are bonded to a flexible
substrate by means of the conductive paste of the .
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U T, . . . . . .
associated with the electrically conductive i nterconnecting materials of
the prior art. SUWARY OF THE | NVENTI ON A new el ectrically
conductive paste has now been devel oped whi ch overcones the
probl ens associated with el ectroconductive conpositions of the prior art
used to electrically connect el ectroconductive nenbers. Thus, the
el ectroconducti ve paste of the present application not only permts
renelting of the paste but, in addition, soelwes the probl ens associ ated
with acidic Tl Uxes b%rgslel.nq;I Ena\;én%_ ﬁ, f I‘ftlx)é te.e“ ert Eéeinq? uence ofl n .
accordance with the Present 1 hvention, an el ectrical y congfu%?l ve paste is

provided. The paste gpgi “q]%sc&JJ}%EMt%S hé BREYIR ecg%ngﬁ:g%&téé"@h@m al

powder, and an organic solvent system erel n sal trve netal
powder is selected frgEiddfie inPéRUBncONSi sting of an oxide-free el enental
netal, an alloy of at |east two oxide-free elenental netals, a solid coated
with an oxide-free elenental netal and a solid coated with an alloy of at

| east two oxide-free elenmental netals; and wherein said netal in said
conductive netal powdsr yes stdlikchindhét cecobéarieowptic ahei pidsegtof gol d,
silver, tin, nickel, ruthenium rhodium palladium platinum iridium and
al l oys of two or nordnventivm,abonethod of interdammpttingaoubtiiayeredyi t h t he
present invention, an electrically conductive conposite is described. The
conposi te conpri ses atructunesapslierdately desexihedots audsichin moduleet al
powder and a thernopl astic polyner, said percentage by vol une based on the
total volune of said }amiaptesondsrtanghtsaile this mefheds multijayesed said

structures, which may be thermoplastic, e.g., a

polyamide, are electrically interconnected by means of
vias, i.e., through holes or blind holes, from pairs of
multilayered structures which are fused together under |
appropriate heat and pressure utilizing the conductive

paste of the present application.

In even further accordance with the present invention,
a method of surface mounting an integrated circuit (IC)
chip in a lead-frame to a circuit board is disclosed.
In this method, the electrically conductive leads of
the lead~frame or a surface mount device, such as a
capacitor .or a resistor, are electrically connected to
pads of a circuit board by means of the paste
composition of the present invention which is thereupon

converted to the conductive composite under the

application of heat.



conducti¥e netal powder is selected fromthe group consisting of an
oxide-free elenental netal, an alloy of at |east two oxide-free el enental
netal, an alloy of at |east two oxide- free elenental netals, a solid
coated with an oxide-free elenental netal and a solid coated wth an all oy
of at |east two oxide-free elenmental netals; and wherein said netal in
sai d conductive netal powder is selected from the group consisting of

gold, silver, tin, nickel, ruthenium rhodigm palladium platinmm
iridiumand alloys of two or nore of the above. In further accordance
with the present invention, a paste for formng an electrically -conductive

conposite is descri b??éf%?ygn%%trggﬁmi fiSthe pPeddi® ABRRAREEn O a flux

agent, a thernoplas ected fromthe group consisting of a
pol y(imde urea), a pethod of Bttty ndihg WX BaL inBePlewdi &isdaisi | oxane),
a poly(styrene butadiene), a poly(styrene 1soprene). a poly(acrylonitrile
butadi ene), a pol y( ety e avénstuiechs@ide)s and Boxwl. yULeihasaiethad a

oxi de-free nmetal powder having a nelting point of at |east about 200
degrees C, wherein sdiatle Gititdgrdtele chipvdissr dispasedpxindepsidecdedmenent al net al
or an alloy of at |least two oxide-free elenental netals; and an organic
sol vent syst em whi ch con€igntation, |sughtthateipe terminalak/@ padsveantaghd

anot her solvent selected fromthe group consisting of a second_ organic

pol ar sol vent, a non-qeoimetivel peds oanthersurfisee pfct cdrcuit brerd, sgPd

t her nopl asti c pol yner, oxide-free netal powder and organic sol vent system-
are conpounded such efifective apauate ofthe, pashe (@h\Eb PIRseHs ABYERRIORL ( he

range of from about 3000_-

5000 Poi se n still_further. accordance
with the present invelt®d ‘,‘e‘gg"’@%‘?}’t rt?‘EaH%/PeéﬂdﬁcH‘?/é‘hﬁ s?"re& J|i°l§e'descri bed.
The paste conprise, a_ther | ast.i C ne, 0 cti | ; powder and
an organi c sol vent sy‘é?”g’%&%eepgl %g%xc%{rﬁﬁgf&\?gg#fet g?ﬂgp‘g%&gri%)s sel ected
fromthe group consi siingq0f, 3 AXkilSekers G 8Yelhot 198k ahposie 3l | OV of

at least two oxide-free elenental netals, a,ls |1d coated with an
oxide-free el emental pgidleoRithd! shObisktq8hRl Whiduchlivd et Wendin | east (o
[

oxi de-free elenental netals; and wherein said organi c sol vent system
conprises at |east Oﬁ%hgqhﬁ_b ) FMeCeHhdud€boardNd i s selected from the
group consisting of an ester, an ether, an am de, a |actone and a sulfone.
In still further accordance with the present invention, a method of
circuitizing a

BRIEF DESCRIPTION OF THE DRAWINGS

The above-described invention may be better understood

with reference to the accompanying drawings of which:

Figure 1 is a cross-sectional view demonstrating the
use of the paste and composite of the present invention
to achieve via to via interconnection between two

layers containing circuitry;

Figure 2 is a schematic representation illustrating the



fl exibletsubstrate to create a flexible circuit

I's provided. In this
net hod, el ectroni c conponents,

such as integrated chips and surface nount
devices, are bonded to a flexible substrate by neans of the conductive
paste of the -7 - present invention.
The paste, under the influence of heat, is converted into the conductive

conposite of the instant invention.

with the present invention, a method of int%Tfconnecting multilayered
structures, alternass pfdtiye cobdurtive mdstiectnd compegide phrfheates, i s
taught. In this method, nmultilayered structures,-which may be

t her mopl astic, e.g.Ppresenpoinventien tgr preyidet syrface meupting ?Afnékt ed by neans
of wvies, i.e., through holes or blind holes, frompairs of, multilayered
structures which ar&tfegzatied sjEcwth chipetn a;ieadshrpmg FonaFiogHdt pressur e

utilizing the conductive ﬁggste of the present application. In even
further accordance WPt present invention, a nethod of surface
nounting an integrated circuit (1C

In yet still further accordance

Figure 3 is a schematic representation of a “flip-chip"
.attachment between an integrated circuit chip and a
circuit board utilizing the electrically cond;lcti.ire
paste and compdsite of the present invention to pz:dvide

attachment and electrical communication between the two

elements.
; DETAILED DESGRIPTION OF THE INVENTION

The electrically conductive paste of the present
invention is a composition which includes three
components. The first of these components is a
thermoplastic polymer. This polymer may be, for
example, selected from the group consisting of a
thermoplastic polymer having a repeating structural
formula which includes at least one moiety selected
from the group consisting of sulfur, oxygen, nitrogen,
silicon, alkyl and phenyl. The repeating structural
unit of the thermoplastic polymer of the conductive

paste may include more than one of the moieties recited



chiip in@a lead-franme to a circuit board is disclosed.

In this method, the
el ectrically conductive | eads of

the | ead-frame or a surface nount
devi ce, such as a capacitor .or a resistor, are electrically connected
to pads of a circuit board by neans of the paste

conposition of the
present invention which is thereupon converted to the conductive

conposi te under the application of heat.

- 8- In final accordance with the present'ﬂﬂiéntion, a nethod of direct
bonding a bare integabdwed circuit chip to a circuit board is set forth.
this method a bare integrated chip is disposed, in upside down
configuration, such that its termnal I/O pads contact conductive pads on
the surface of a circuit board. An effective anmount of the paste of the

present invention i The theswonkaskie palymer /mayphase SPupPRIVEREp Wik t he
conductive pads of the circuit board. The paste is
is, a single monomeric repeating polymer, or a

ly
In

segmented copolymer or a segmented copolymer having at
least three different homopolymer segments and mixtures
thereof. -Segmente_d copolymers within the contemplation
of the thermoplastic polymer of the present invention
include those. containing at .least two comonomers which
are provided in segmented form. Comonomers provided in
segmented form are copolymers which include blocks of a
repeating mohémer;l.c unit of a first monomer adjacent to
a repeating monomeric unit of at least one different
monomer which may have the same or different lengths
which can vary from one monomer unit to many monomer
units. Preferably, the segmented copolymer of the
present invention includes soft and hard repeating

monomeric blocks formed of mon-polar and polar units,

respéctively.

Among the preferred homopolymers within the
contemplation of the thermoplastic polymer of the
conductive paste of the present invention are

polysulfones, polyolefins, and polyacrylates.



heated t® forman electrically conductive conposite
electrically conductive path between the chip and the circuit board.

BRI EF DESCRI PTI ON OF THE DRAW NGS The above-described invention nay be
better understood wth reference to the acconpanyi ng draw ngs of which:
Figure 1 is a cross-sectional view denponstrating the use of the paste
and conposite of the present invention to achieve via to via

i nt erconnecti on between two | ayers contaiming circuitry; Figure 2
is a schematic reprege

ntation jl at | t t he
. 9@ {19 . tion 'b¥ thl
conductive paste and ‘3‘%”#?16“1(‘):(s’?‘?tcé’pcc)’1ll %‘% l;'I%reselral elcr?\lllgntﬁloan £o proviide surface
nmounti ng of an

pouning o integral&d Shddnitiibn Hiclubd sdcheadboiyadEs b8 Fol§i(iaidd

ureas), poly(ether siloxanes), poly(imide siloxanes),

thus form ng an

poly(styrene butadienes), poly(styrene isoprenes),
poly(acrylonitrile butadienes), polyurethanes, and

poly(ethylene vinyl acetates).

Haﬁy of the preferred segnent.ed copolymers mentioned in
the previous paragrapl} are thermoplastic elastomers.
Such polymers combine the advantageous properties of
thermoplastics and elastomers without the attendmﬁ:
disadvantages- thereof. That is, thermoplastic
elastomers, unlike classical elastomers, can be
remelted and resh_aped. Similarly, unlike classical
thermoplastics, thermoplastic elastomers have the

ability to be stretched with good elastic recovery.

All the thermoplastic polymers employable as a
component of the electrically conductive paste share
the requirement that they have good thermal stability.
To that end, it is preferable that the thermoplastic
polymeric - component have a decomposition temperature of
at least about 200°C. More preferably, the

thermoplastic decomposition temperature is at least
about 300 °C.



Figure ¥is a schematic representation of a "flip-chip"
between an integrated circuit chip and a

at t achnent

circuit board utilizing the

electrically conductive paste and conposite of the present invention to

provi de attachment and el ectrical comuni cation between the two
DETAI LED DESCRI PTI ON OF THE | NVENTI ON

of the present

conponents. The first of these conmponents iska
pol ymer may be,

I nvention is a conposition which includes three

for

thernopl astic polymer having a repeating structural -formul a which

| ud t | t ting of
Sl Tur . oxygen ni ¢ rogenid oBfnRALAr cho (HRMPECRAEe HHIELE 0D

Fépeating

structural

unit

may i nclude nore than one of the noieties recit

Prebbfe HRAGEIORINASE £ oggh‘ymgeggegaliepmq.uct i ve

Preferably, this conductive metal powder is an oxide-~
free powdered metal typically having a melting point of
at least about 200 °C. The ﬁerm Yoxide~-free" means
either that the metal does not form an oxide or that
the metal does form an oxide but that oxide does not
appreciably act as an insulator of electrical
conductivity. Thus, such metals as gold, silver, tin,
nickel, ruthenium, rhodium, palladium, platinum and
iridium are preferred for use 'as the "oxide-free"
metal. The oxide-free metal n’f:ay be provided by an
oxide~free metal element, by an alloy of at least two
oxide-free metal elements or by a metal with no sin:face

oxide coated with either a single oxide-free metal

‘element or by an alloy of at least two oxide-free metal

elements. "Powder" means particles gemerally less than

50 microns in diameter, or major dimension, whether as a

single particle or as an aggregate of smaller

particles.

It is more preferred that the oxide-free metal,

employed alone or in an alloy, in the pure form or as a

coating, be silver or gold.

t her nopl astic pol yner.
exanpl e, selected fromthe group consisting of a

el enent s.
The el ectrically conductive paste

Thi s

past e



- 10 - above. The thernopl astic pol yner
a single nononeric repeating polyner, or a
segnent ed copol yner having at |east three different honopol yner segnents
and m xtures thereof. Segnented copolynmers within the contenplation of

t he thernopl astic polyner of the present invention include those
containing at | east two conononers which are provided in segnented form
Conononers provided in segnmented form are-ag®pol yners whi ch include bl ocks
of a repeating nononmeric unit of a first nmononer adjacent to a repeating
nmononeric unit of at |east one different nononer which may have the sane
or different |engthsyhadd cRiCiRA YRTdhel BPEAAE AHIREEAL Hhbt[L MaANY nmOnoner
units. Preferably, the segnmented copol ynmer of the present invention

i ncludes soft and haggefuRReR Haig1eFONGEE hdy BbOSE1Eed Bppivarensa ar and
pol ar units, respectively. Anmong the preferred honopol yners within
t he oxide-free metals from diffusing into an oxidizable

may be a honopol yner, that is,
segnent ed copol yner or a

metal core. For example, cobalt, preferably an alloy
of cobalt and phosphorus, is oftentimes added to the

surface of a copper core prior to the coating thereon
of gold. This prevents diffusion of any gold éoat:lng,

at elevated temperature, into the copper.

The second component, although less preferable to the
oxide~-free metal discussed above, can also be a
composite having a core of, for example, an organic

polymer or an inorganic material, coated with an oxide-

free metal.

In such an embodiment, where the core is an organic
polymeric material, the organic polymer is preferably

polystyrene latex spherical particles.

In still another embodiment, where the core is an
inorganic material, the indr_gan:lc material is a
powdered solid in the form of an oxide, such as silica,
alumina, zirconia or titania, a borate, a titanate, a-

silicate, a carbide, a nitride or other ceramic



contenpl & i on of the thernoplastic polynmer of the

the present invention are pol ysul f ones,

i ncl ude such copol yners as pol y(im de ureas),

pol y(i m de sil oxanes), poly(styrene butadienes),
poly(acrylonitrile butadienes), polyurethanes,
acet at es) .

previ ous paragraph ametddxioopl astic el astoners.
advant ageous properties of
attendant di sadvantages thereof. That is,
unl i ke cl assical el astoners, can be

conductive paste of

pol yol efins, and pol yacryl at es.
Segnent ed copol yners within the contenplation of the

present invention

pol y(et her sil oxanes),

pol y(styrene isoprenes),

and pol y(ethyl ene vinyl
Many of the preferred segmente¥ topol yners nentioned in the

Such pol yners conbi ne the

t hermopl asti¢cs and el astoners wi thout the

t hernopl astic el astoners,
renelted and reshaped. Simlarly,

unli ke classical thdtnimiprefexablet teatndhe asumiductives metek polder haye

an average size no larger than about 20 microns. More

preferably, the average size of the metal powder

employed in the conductive paste of the present

application is no larger than about 10 microns. Still

more preferably, the average size of the metal powder

is no greater than about 5 microms.

The third component of the conductive paste of the

present application is an organic solvent systenzl

preferably one having at least one polar organic

solvent. Preferably, the polar orgamnic solvent

utilized in the conductive paste of the present

invention is one having a boiling point, at atmospheric

pressure, in the range of between about 130°C and about

300°C. More preferably, the boiling point, at

atmospheric pressure, of the polar organic solvent is

in the range of between about 150°C and about 250 °C.

Polar solvents which meet the above criterion may

nonexclusively be esters, ethers, amides, lactones or

sulfones. Thus, such esters as dimethyl adipate and

ethyl benzoate; ethers like acetophenone and 2-



abil'ity t'o be stretched with good elastic recovery. Al'l the

t hernopl asti c polyners enpl oyable as a conponent of the electrically
conductive paste share the requirenment that they have good thermal
stability. To that end, it is preferable that the thernoplastic

pol ymeri c conponent have a deconposition tenperature of at | east about

200[err]C. More preferably, the t her nopl asti c deconposition tenperature
is at |east about 300 C. ~ 16~ - 12 -

A second conponent ofmethexyetingdcethes; pastidesoingluding rddmetiyl nvention is a
conductive nmetal powder. Preferably, this conductive netal powder

IS an
oxi de- free powder ecroptenide;ydaetones ereampgssingeNriethydoi nt of at | east
about 200[err]C. The term "oxide-free" neans either that the netal does

not form an oxi de or BR¥Felidipongpiand gpltones, eregpliftieds by dimethyl oxi de does

n reci abl n. i nsul r, ,of el ricgl
ot appreciably act sauslf%xiée Sa%eaxsrfthig tl?e %%Lpe Co% the polar solvent

useful in the paste of the instant invention.

It should be appreciated that although the paste of the
present invention preferably includes at least one
polar organic solvent, preferably one of the
aforementioned polar solvents, it may include more than
one of those solvents. That is, the solvent may be a
mixture of two or more polar oxganic solvents. It may
also include pot only one or more po%ar organic

solvents but, in addition, orne or more mon-polar

solvénts.

In the preferred embodiment wherein an organic non-
polar organic solvent is employed in combination with
at least one polar solvent, it is preferred that the
‘non-polar organic solvent be a liquid hydrocarbon.
More .preferably, a liquid aromatic hydrocarbon is
utilized. Among the pref;arred aromatic hydrocarbons
préferred for use in the paste of the present

invention, as part of a polar solvent composition, are

xylene and trimethylbenzene.



conductiVity. Thus, such metals as gold, silver, tin, nickel, ruthenium
rhodium palladium platinumand iridiumare preferred for use as the
"oxide-free" netal. The oxide-free netal may be provided by an oxide-free
netal elenent, by an alloy of at |east two oxide-free netal elenents or by
a netal with no surface oxide coated with either a single oxide-free netal
el enment or by an alloy of at l|east two oxideqfree netal elenents. "Powder"
means particles generally less than 50 mcrons in diameter, or nmajor

di mensi on, whether as a single particle or as an aggregate of snmaller

particl es. e | petiis s Rl anted tak 106,98l derf rget{é%%ﬂy. enpl oyed
alone or in an alloy, I'n e pure~formor as*a coat | g, besilver or
gpl d. . include additional componént:lss such tighgéﬁo%lﬂ:ﬁl ed in the art
will appreciate that a _
inhibitors, surfactants and the like. However, it is
emphasized that the conductive paste does not include

any flux material.

A second gspect of the present invention is directed to
an electrically conductive composite. The elgctrically
conductive composite comprises an oxide-free metal.
Preferably, the oxide-free metal is present in an
amount of at least about 30% by volume, based on the
total volume of the composite. The metal component of
t_he composite has the characteristics of the
aforementioned conducting metal powder utilized in the
conductive paste. Preferred embodiments of the
conducting metal powder are identical to the preferred
embodiments of the powdered metal of the above-

discussed electrically conductive paste.
More preferably, the oxide-free metal comprises at
least about 40% by volume, based on the total volume of

the electrically conductive composite.

The second component of the electrically conductive



di ffusion barrier layer may be required to prevent sone oxide-free netals
fromdiffusing into an oxidizable netal core. For exanple, cobalt,
preferably an alloy of cobalt and phosphorus, is oftentinmes added to the
surface of a copper core prior to the coating thereon of gold. This
prevents diffusion of any gold coating, at elevated tenperature, into the
copper. The second conponent, althougq

| ess preferable to the
oxi de-free netal discussed above, can alsg be a conposite having a core

of, for exanppgpoaﬁt@ré@nﬁbthmmmﬂniﬂ&ﬂiqmpqlumeganl@hnaterlal coated with

an oxide- free netal. In such an enbodi nent, where the core is an
organic pol y:hethmmmseﬁicalpollyimmnganiizqablmme copdaletisial y  pol ystyrene
| at ex spherical particles. In still another enbodi ment, where the core

is an i no iR g aideﬂmﬂlcwamec ﬂﬂiﬁﬂ{d}ﬁlas'ti@ com;m&w ed solid
in the formof an oxide, such as silica, alumna, zirconia or titania, a

borate, a ti [FeLaEY TN eﬁectfiddfﬁ ecox?d&?crﬁéj‘ims%él' t FILHLe or other ceramc
thermoplastic polymer of the composite has the
characteristics of the thermoplastic polymer of the

conductive paste including the preferred embodiments

thereof.

The electrically conductive composite of the present
invention is formed from the e1ectrica11y conductive
paste of the present invention by subjecting the paste
to heat. Bonding pressure may be provided,
simultaneously with the application of heat, to improve
or facilitate the bondiig of the electrical components.
Specifically, electrically conductive paste is
dispensed between or among electrically conductive
leads of two or more electrical components. The
temperature of the paste is raised to a temperature in
excess of the boiling temperature of the solvent to
drive it out of the paste. It should be appreciated
that the pressure need not necessarily be atmospheric.

A’ vacuum may be imposed to lower the boiling point of

the solvent.



-14 - material. It is preferable that the conductive netal
an average size no |arger than about 20 m crons. Mre
average size of the metal powder enployed in the conductive paste of the
present application is no |arger than about 10 microns. Still nore
preferably, the average size of the netal powder is no greater than about
5 m crons. The third conponent of the conductive paste of the present

application is an organi c solvent system prefgerably one having at | east
one polar organic sglvent

P | | : Cilized
i n-the conductive pas‘feﬂnofil%%rréﬁ% r Rl Mumbd}e RRLALc rQ@@é};ﬁé gL, utilize

resent ~ rnvention rs one havihg a boiling
poi nt, at atnospheri 13&5 Ss | Brd r 3P 9RnQbr DSEVERD e3bOt1chBy err] C
and about 300[err]C:go rg’ﬁﬁgﬁgfagfﬁggfhgabofﬁi%g pointf at gtnggpheric
pressure, of the pol asmﬁ{c@a%gm%%ve@ta cSmpdditk)eifvdlges Aynkeidvgas about
150[ err] C and about 250[err]C.

exchange. This method, known to those skilled in the

powder have
preferably, the

art, permits removal of solvent by evaporation at
atmospheric pressure below its boiling point. This

process usually takes place under a stream of nitrogen

or other inert gas.

The process of forming an electrically conducting
interconnect can be accomplished by either of two
bonding processes. In the first, the paste: is
dispensed, followed by the application of pressure ai; a
temperature above the glass transition temperature of
the thermoplastic polymer. In this first process, the
solvent evaporates, the thermoplastic polymer flows and
forms an electrically conductive bond. In the second
process, the paste is first dried (i.e., the solvent is
removed) at a temperature below the glass transition
point of thermoplastic polymer. Then, the
transformation into the electrically conductive
composite is completed by raising the temperature above
the glass transition temperature of the thermoplastic

polymer. This process, as suggested above, is a

function of time and temperature. Obviously, the



Pol ar sol ¥ents which neet the above criterion may nonexcl usi vel y be
esters, ethers, am des, |actones or sul fones. Thus, such esters as

di mret hyl adi pate and et hyl benzoate; ethers |i ke acetophenone and 2-

- 15 - met hoxyethyl ether; am des including dinethyl acetam de; |actones
enconpassi ng N-nethyl pyrrolidinone; and sul fones exenplified by dinethyl
sul foxide are within the scope of the polar solvent wuseful in the paste of
the instant invention. It should be apprewi-ated that although the paste

of the present inv j e ' at; | eask .o organi ¢
sol vent, preferabl y%ggf%%égﬁg%é‘%é&Qﬁ%’ pi ) %:the e eQQL@!.[e

: tioned polar solvents, It may
include nore than opg liick R9sepadle’ 20! SxpokBa! the: sKdiRe2OtNL RingRY be a

m xture of two or nore polar organic solvents. It may also include not
only Olne or nore pol gquak8dNi TheSEPtiRitiShdtding | ddbnd @l dnisOlepddidCufdn NOI €
non- pol ar

the particular structure to be formed as well as the

glass transition temperature of the thermoplastic

polymer.

The electrically conductive composite may comprise one
or moré optional components. These optional components
may include, for example, corrosion imhibitors,
surfactants and the like. The electrical conductive.
compbsite, which is formed from the electri;:al
conductive paste of the present invention, like the

paste, does not include a fluxing agent.

The criteria to select the formulation is based on
balancing (i) the conductive properties of the
polymer/metal composite; (ii) the rheological .behavior
of the polymer/metal/solvent paste; and (iii) the
wetting and adhesion characteristics of the polymer on

the filler metal and other substrates as a function of

the intended application.

As to conductivity, ionic impurities acting as

‘electron traps' during metal/insulator/metal tunneling



sol vent s: In the preferred enbodi nent wherein an organi c non-
organi c solvent is enployed in conbination with

solvent, it is preferred that the non-polar organic solvent be a liquid
hydrocarbon. Mre preferably, a liquid aromatic hydrocarbon is

utilized. Anong the preferred aromati c hydrocarbons preferred for use in
the paste of the present I nvention, as part of a polar solvent

conposition, are xyl ene and tri et hyl ber28nre.
- 16 -

The-el ectrigal o] ctiv S 13%, |.QN fpcl ude
Ft_dgi ti Ic_)kr;al corrponentsgm%iu&c/ﬁ%agggc?%%%%% Iﬂ|§1r'ﬂ'1| |tgir£sé,89:sur ﬁaégfatn{bg and the
i ke. However, it ig. enphasized dBat(¥HNBeRANYC T hePBEERne0pmgR0t i nCl ude
any flux material. er%&%econésgspegﬁigf ?he present invention is directed
to prescribed by the intended application. Also, the

pol ar
at | east one polar

conductivity (sigma) versus temperature (T) should behave
metal-like rather than that observed in disordered
systems where the conductivity decreases with
temperature, i.e., should follow the log .o‘~T"/41aw.
And, lastly, the resistivity at liquid Helium |
temperatures should be as low as possible. For good
adhesion, the polymer should wet the metal filler,
should wet the substrate materials prescribed by the
intended application and :the Young;s modulus of the
polymer should preferable be above 0.1 GPa at 25°C. The
paste should be compounded such that in terms of its
rehological behavior its non-Newtonian viscosity is in
the range of from about 3000-5000 Poise and the first
normal stress difference should be as low as possible,
indicating low elasti;: recoil. TFurther, the paste
should exhibit a decrease in viscosity when subjected
to a shearing process in contrast to ordinary visco-

elastic and non-Newtonian fluids that exhibit stable

viscosity.

Another aspect of the present invention is directed to

processes involving the use of the novel conductive



an electrically conductive conposite. The electrically
conposite conprises an oxide-free netal. Preferably, the oxide-free netal
is present in an anount of at |east about 30% by vol unme, based on the
total volune of the conposite. The netal conponent of the conposite has
t he characteristics of the aforenentioned conducting netal powder utilized
in the conductive paste. Preferred enbodi nents of the conducting netal
powder are identical to the preferred enbodiments of the powdered netal of
t he above- di scussegkstleeti riheaprsparatdostdfyeleststieal compbnentsr ehdr abl y,
the oxide-free netal conprises at | east about 40% by vol une, based on
the total volune of devicke wiegetini thd ppstedguconverted indoi the The
second conponent of the electrically conductive .
-17 - conposite is acedposgbe|afsthe preisprtrinveRbion.hePne FughtPROESF yner
utilized in the conductive

involves the bonding of at least one flexible

conducti ve

electrical component substrate to an electrical
component. Such bonding, utilizing the electrical
conductive paste of the _present invention, results in
an electrical assembly on a flexible substrate to '

create a flexible, that is, a "flex," circuit.

"In this process the electrically conductive paste of

" the présent invention is provided between a conductive
surface of a cii:cuitized flexible substrate and a
conductive surface of an electrical component. The
thus disposed pasfe is theréupon subjected to heat and
pressure for a time sufficient to convert the
conductive paste to the conductive composite and to
form a bond. Preferably, the paste is heated to a
temperature above the glass transition temperature of
the polymer under a pressure of at least about 5 psi.
The resultant product provides electrical communication
between the flexible substrate and the electrical

component to produce a flexible circuit.

A second application of the electrically conductive



conposite is identical to the thernoplastic conponent of the electrically
conductive paste. The thernoplastic polyner of the conposite has the

characteristics of the thernoplastic polynmer of the conductive paste
i ncluding the preferred enbodi nents thereof. The electrically

conductive conposite of the present invention is formed fromthe
electrically conductive paste of the pgesent invention by subjecting the
paste to heat., Bondi.n ressure be_provide sjpoul t ape I ith the
appl i cation BPsﬁgaFPdtg°BHBFi§8 °g?¥P§cPEP§ﬁPg gﬁgeﬁgﬂu nggoﬁafﬁ%S&n
el ectrical conponents. Specifjieally, electricall
di spensed bed®ednpsecessngfomaking: 8 sp-catdadt | ¥&a FRa¥i86f two or nore
el ectrical conponents. The tenperature of the paste is raised to a

t enper at ure iHntercommects folrembditiiilayeredpstaugtores.t h&hds| PEACEEd drive
it out of the paste. It should be appreciated that the pressure need not

necessarily Qg Hemondtddted by FEguia My e liageesedhoan geaerabéyboiling
poi nt of t he sol vent.

conductj,ve paste is

at 10, includes a via 8 which is copper plated as shown
at 6. The layer 10 includes a metal line in the x-
direction, denoted by reference numeral 4, and metal
lines in the y-direction, seen at 5. The layer 10 is
provided with a ground plane 3 surrounded by a

dielectric layer 2. The layer 10 further includes an

adhesive surface 7.

Layer 10 is electrically intercommected with secqqd
layer 50 by means of the electrically conductive paste
of the present invention. Specifically, dollops 12 of
the conductive paste are disposed in the via 8 such
that they extend above the top and below the bottom
surfaces, which surfaces comprise an adhesive
dielectric, as illustrated at 7. To electrically
connect layer 10 to 50, thﬁt layer is similarly filled
with dollops of conductive paste disposed in one or
more vias included therein followed by the
aforementioned drying process and thereafter the layers
are aligned and pressed together under appropriate

pressure and the temperature raised above the glass



- 18 - Irf an alternate enbodi nent, the step of renoving the
the process of converting the electrically
conposite, involves dynam c gas exchange. This nmethod, known to those
skilled in the art, permts renoval of solvent by evaporation at

at nospheric pressure belowits boiling point. This process usually takes

pl ace under a streamof nitrogen or othegginert gas. The process of
form ng an electrically conducting

i nt erconnect can be acconplished by
either of thSansdkdrntemperadure of pPedymer; gac t pasgespensed,
foll owed by the application of pressure at a tenperature above the gl ass
transition t dnpthet wigsobf the tlayenspiconnectpendnénse| fot foznf iapst
process, the solvent evaporates, the thernoplastic polyner flows and
fornms an el eellectalicnldgndopiduct ke dompostite.second process, the paste is

first dried (i.e., the solvent is renoved) at a tenperature bel ow t he
glass transition poi nt of thernoplastic polynmer. Then, the

solvent, in
conductive paste to a

Another important utility of the conductive paste a#d
composite of the present invention is in a process for
the fabrication of surface mounts. This use of the
electrically conductive paste and composite is
illustrated in Figure 2. In.figure 2 an insulated
substrate circuit board 20, which may be an organic
polymer, a ceramic or the like, is pro;ided with a
Plurality of terminal points, known in the art as pads.
This is illustrated in Figure 2 by pads 22 and 24. The
pads 22 and 24 are in electrical communication with-an
integrated circuit chip in a lead frame 25 by-means of
electrical conduits 26 and 27, thus providing
electrical communication between the substrate board 20
and the integrated circuit chip 25. This communication
is made permanent by means of the electrically
conductive paste of the present invention. As depicted
in Figure 2, dollops of paste 21 and 23 disposed
between leads to electrical conduits 26 and 27 and pads
22 and 24, respectively, are subjected to elevated
temperature above the glass tramsition temperature of

the polymer and sufficient load, preferably at least



transformation into the electrically conductive conposite is conpl eted
by raising the tenperature above the glass transition tenperature of the
t her nopl astic pol ymer. This process, as suggested above, is a

function of time and tenperature. Qobviously, the

- 19 - higher the bonding tenperature, i.e., the tenperature to which the
paste i s exposed,

the shorter the time -rmgquired. The optinmum bondi ng
condi tions depend upon

the particular_strycture to bg for as well as
the glass te@sl torthe gryhined weight ¢ thﬁp?%g?iis ﬁ%&?ﬁ%?. The
el ectrically conductive conposite .may c

onprise one or nore optional
conponent s. dhn&uib@t26nandcbﬁpoﬁenf9rmng§eiﬂemnﬂéitﬁoﬁfekhﬁple, corrosion
inhibitors, surfactants and the |ike.

The el ectrical conductive.
conposi te, Whieleht iRvEBREibHhOM the electrical conductive paste of the

present invention, like the paste, does not include a fluxing agent.

Yet anothei application of the electrically conductive
paste and composite of the present invention is in a
process which results in # "flip chip" attachment such
as is described in U.S. Patent 4,434,434 which is
incorporated herein by'reference. Such attachmepts
represent a major advance in computer technology. A
"£1ip chip" attachmént permits the bonéing of an
integrated circuit chip directly to a circuit board by
means other than wiring therebetween. The use of the
electrically conductive paste thus represents a major
advance in fabrication of computer and other
sophisticated electronic devices in that wiring is
ﬁighly labor intensive, space consuming and thus

expensive and time consuming.

In the process of the present invention flip chip

attachment is accomplished by employing the conductive

paste of the present invention. This process is best

explained by reference to Figure 3 wherein a sketch of

this attachment is illustrated. A chip 30 is

"fiipped,™ that is, turned upside down, so that the



The ‘criteria to select the fornmulation is based on balancing (i) the
conductive properties of the polyner/netal conposite; (ii) the rheol ogical

behavi or of the polynmer/netal/solvent paste; and (iii) the wetting and
adhesi on characteristics of the polymer on the filler

metal and ot her
substrates as a function of the intended application. As to
conductivity, ionic Impurities acting-ag - 'electron traps' during
met al /i nsul at t al nne -20 -
shoul d be IB gt #ﬁaﬁi‘i{fgaﬁei Are pligned With)thepads 368 PEge drop

(V) behavi or in the current range prescribed by the intended application.
Al so, the eoﬁéﬁﬁpiﬁip93F§|éﬁafa@ﬁpsﬁ§f9§ﬁﬁérE?uﬁem?ﬁiméﬁoeﬁd&behave
netal -1i ke rather than that observed in disordered systens where the

conduct i vi t publetraseds wSmallt empenisuoé, theeeleshoibdllyl | ow the | og
[err]T[err]l aw

conductive paste 38 are disposed between the pads 34

and the pads 36 such that there is electrical

communication therebetween. The whole arrangement is

thereupon subjected to elevated temperature and
pressure, preferably at least about 5 psi, to convert
the paste to the electrically conductive composite of
the present invention to make this electrical -

communication permanent.

Alternatigély, the flip chip process may involve
depositioﬂ of the paste on the pads of the substrate or
‘the pads of the chip or.botﬁ. Subsequently, the paste
is dried then the two surfaces are aligned and bonded
under pressure at a temperature above the glass
transition point of the thermoplastic polymer to
produce the desired electrically conmected device in a

rapid and substantially defect-free manner.

The above applications emphasize the advance in the art
associated with the paste and composite of the present
invention. The unique combination of components that

constitute the paste composition permit the easy



And; lasily, the resistivity at liquid Helium tenperatures should be as

| ow as possi ble. For good adhesion, the polyner should wet the netal
filler, should wet the substrate naterials prescribed by the intended
application and the Young's nodul us of the polynmer should preferable be
above 0.1 GPa at 25[err]C. The paste should be conpounded such that in
ternms of its rehological behavior its non-Newtonian viscosity is in the
range of from about 3000-5000 Poise an® the first normal stress difference
shoul d be as |@aivasspasTbbhk yermanéenitdicomboditel GMich abédtaiceligi | . Furt her,

t he paste shoul d exhibit a decrease in viscosity when subjected to a
sheari ng pr ocessnnents oyltectisicalo and ddlegtyondcs devices widegt i ¢ and
non- Newt oni an fluids that exhibit stable Vi scosity. Anot her aspect

of the presentre¢dardvelomild e¢fnddgiens of tempereteresend presfwieang t he use of
t he novel conductive

the preparati ofilgroug| athendant 48948 fehthe phpctrical and "2 pastedn
- electronic devices. It is furthermore emphasized that
although formation of the composite makes "permanent"
electrical connections, these connections can be easily
disconnected by the imposition of a temperature in
excess of the glass transition temperature of the
thermoplastic component of the composition without

damage to the components connected by the composite.

; The following examples are given to illustrate the
scope of the present invention. Because these examples

are given for illustrative purposes only, the invention

should not be deemed limited thereto.
EXAMPIE 1

A solution of poly(imide siloxane) in acetophenone was
prepared wherein the poly(imide siloxane) represented
28% by weight, based on the total weight of the
solution. To this solution flakes of silver metal of
varying particle size of about 1 to 5 microns in the

length and width dimensions and about 1 micron meter thick were



devi‘ces vtherein the paste is converted into the conposite of the present

I nvention. One such process involves the bonding of at |east one flexible
el ectrical conponent substrate to an electrical conponent. Such bondi ng,
utilizing the electrical conductive paste of the present invention,
results in an electrical assenbly on a flexible substrate to create a

flexible, that is, flex " circuit. o7ln this process the electrically
conductive p e of resent

i .nv t|on i s provided between a conductive
surface of ed-i t'll‘bzee(f Iver R § fFremresetiof i@ i ve surface of an
el ectrical conponent The thus disposed paste is thereupon subjected to
heat and preongentration f 88y Wedght o hasedan the ctive paste

to the conductive conposite and to forma bond. Preferably, the paste is

heat ed to a weightopef dathe estbwere aixd mm'smiémssﬂmmne)mer'ﬁimrw‘bf t he
pol ymer under a pressure of at |east about 5 psi. The resultant product

provi des el g5y fSEEht BREeRBEAOon wiS!t dEEculdced | Biddpendesstépte and the
el ectrical conponent to produce a flexible circuit. A second

appl i cation gfe thgs SheosE CRL ! YeSOBPHERNNE solvent.

The resultant dispersion of silver particles in the
poly(imide siloxane)-acetophenone solution was formed

into a paste by mixing the dispersion under high shear

in & Mueller [trademark] high shear mixer.

In a flip chip attach (FCA) application of the above

mentioned paste cémposition, the paste was dispensed as

100 micron meter diameter circles of about 100 micron meter
height at 200 micron meter center-to-center onto a substrate
coated with Au. The array of the features was 11 times 11. The
resultant array of circles was joined to another Au

coated substrate at a bonding load of 2.5 lbs. at .

340 °C. The total resistance for the structure was £ 1

1#Q/cw’ | The resultant adhesion strength of the 11

times 11 array was 3000 psi.
EXAMPIE 2

A 28% by weight solution of poly(imide siloxane) in N-



-22 - paste and conposite of the present invention is its use in a process
of making a so-called "via to via" interconnect for nultilayered
structures. This process is denonstrated by Figure 1. A layer, shown
generally at 10, includes a via 8 which is copper plated as shown at 6.
The layer 10 includes a netal line in the x- direction, denoted by
reference nuneral 4, and netal lines in_the y-direction, seen at 5. The

| ayer 10 is provided with a ground pl ane surrounded by a dielectric

| ayer 2. The mgpbylipyrreilidinone L(agﬂ’)an simdlegi Lo thetaprepared fayer 10
Is electrically interconnected with second |ayer 50 by neans of the

electrical |y Exatplei lcbutstfor dhe hilertddgniof thenisodventpewati cally,
dol l ops 12 of the conductive paste are disposed in the via 8 such t hat

they extend akQubinld WARKHSIE FFtRE D HRIng & Peri3tle Wiizehour f aces
conpri se an adhesive dielectric, as illustrated at 7. To electrically

1 to S microns. The quantity of gold particles added

to the poly(imide siloxane) solution was such that the

gold particles represented 92% by weight, based on the

total weight of the gold and poly(imide siloxane).

This percentage was independent of the weight of the

NMP solvent.

As in.ﬁxample 1, this dispersion of gold in the

i i
poly(imide siloxane)~NMP solution was converted into a
paste after being subjected to mixing in a Mueller

[tradem@rk] high shear mixer.

This paste was used in the same FCA application as
described in Example 1. The adhesion strength was 3200

psi for a bonding load of 2.75 lbs.

EXAMPIE 3

A mixture comprising 13% by weight of poly(imide



connect lfyer 10 to 50, that layer is sinmlarly filled wi th dol | ops of

conductive paste disposed in one or nore vias included therein foll owed
by the af orenenti oned drying process and thereafter the | ayers are

al i gned and pressed together under appropriate pressure and the
tenperature rai sed above the gl ass -23

- transition tenperature of the polyner 2ueh that paste in the vias of the
| ayers connegt, qand f use - el ectricall.y co ciiVvie caomosite.

Anot her irrpo%ti%ﬁf‘%ﬁ'ﬁ E t%?’(}{ Mkt off A Tlakes o Varying sikey "I
present inventign is in a process, for the fapricatiop of surface unts.
Thi's use of ﬁéloemémqrbaqu;% ridt chengd ﬂ%%&%&aﬁqﬁ@% and"
illustrated in Figure 2. In Figure 2 an insulated substrate circuit board
20, whi ch nay abeuwn omyksran gefiemcthick cand A%k by tweighitk of iacetraphietsne

with a plurality of term nal points, known in the art as pads. This is
il lustrated i wds qrompchiidedatis & Zhight-sHear el xtoacks G £oxn 241 paste N

el ectrical conmmunication with an
The paste was dispensed onto Cu pads that had been cleaned of
surface oxide, on an eﬁoxy board as an example of a surface
mount application such as shown in FIG. 2. The paste
was dispensed 6n 28 patterns of 1.65.square millimeter
rectangles with a pitch of 1.27 mm divided into two
rows of 14 pads. A VSOP (Very Small Outline Package)
of 28 lead pins was attached to the wet paste. Th§
part was dried and then cured at 220°C for 10 mins.
The resultant adhesion of the component to the board

was 0.61lbs. per lead.



integrated circuit chipinalead frame 25 by neans of electrical conduits
26 and 27, thus ik rical communi cation between the substrate
board 20 and tlmmmlﬂuymwﬁ Emlcwt chip 25. This communication _is made
per manent by neans o&f & ically conductive paste of the prese

t
I nvention. As depicted in Figure 2, dollops of past Gn%bh&ﬂﬂasmﬂ%
between | eads to el ectrical condui ts 26 aryd 27 and pad
respectively, are subjected to elev t enperature m\&
transition tenperature of t he pol M8nd sufficient pref er abI y at

| east -24 - equal to the conbi ned
wei ght of the chip 25 and the conduits 26 and 27, to formthe conposite of

the present invention. Yet anot her application of the electrically
conductive pHavingnthusngesctribed the imweamtnion hwért dis icldimedd g ocess
which results in a "flip chip" attachnment such as is described in U S.
Patent 4,434, A4e¢ whdCwhat is desired to be secured by Letters Patent

is:

1. An electrically conductive paste comprising a

thermoplastic polymer, a conductive metal powder

and an organic solvent system.

2. A paste :i.n accordance with Claim 1 wherein said
thermopiastie polymer is selected from the group
consisting of a thermoplastic whose repeating
structural unit includes at least one moiety
selected from the group consisting of sulfur,

oxygen, nitrogen, silicon, alkyl and phenyl.

3. A paste in accordance with Claim 1 wherein said
thermoplastic polymer is a homopolymer, a
segmented copolymer or a segmented copolymer
having at least three different homopolymer

segments and mixtures thereof.

4. A paste in accordance with Claim 3 wherein the

segment lengths vary from one monomer unit to many



i ncor porated herein by reference. Such attachrrents represent a mmaj or
advance in corrpu“mwmﬂmm “ flip chip” attachment pernmts the
bondi ng of an MHHT chip directly to acircuit board by
means other than wirfndg tHeré&between. The use of the fnﬁg&edtﬂ laced
conductive paste thus represents a major advance in f

conputer and other sophisticated el ectrogjc devices |3

hi ghly | abor i nten5|¥e space consum ng and thus I Ve an
consum ng. | MR HEEprocess of the present invention flip chip
attachnment 4 s acconplished by enpl oyi ng the conductive paste of the
present invention. This process is best expl ained by reference to Figure
3 wherein a sketch of this attachnment is illustrated. A chip 30 is

“flipped," that isA pastedinpacderdamce. withh@flatime3 wherein said
-25 - pads 34 on its surface are aligned with the pads 36 of a circuit

bfjar? 32 l(i'il so ref gheefloplagedet poR§meE ds aURGhopbeymePNBleatednts of the
el ectrica Yy

tII’T'e

from the group consisting of polysulfones,

polyolefins, and polyacrylates.

6. A paste in accc;rdance with Claim 3 wherein said
thermoplastic polymer' is a segmented copolymer
selected from the group consisting of a poly(imide
urea), a poly(ether siloxane), a poly(:lmidé :
siloxane), a poly(styrene butadiene), a
poly(styrene isopreme), apoly(acrylonitrile
butadiene), a poly(.eth'ylene vinyl acetate), and a

polyurethane.

7. A paste in accordance with Claim 1 wherein said
conductive metal powder is selected from the group
consisting of an oxide-free elemental metal, an
alloy of at least two oxide~-free elemental metals,
a solid coated with an oxide-free elemental metal
and a solid coated with an alloy of at least two

oxide~free elemental metals.

A paste in accordance with Claim 7 wherein said



conduct i ve paste 38 are di sposed betueen the pads 34 gnd,the pads §5§Jch
that there is electrical [

conmmuni cati on t her ebet ween. ‘ff ment
is thereupon subamuﬁﬂuﬂmwm’ﬁﬂnd t enperature and pr m ably
at | east about 5 the paste to the elec ctive
conposite of the pgreSent ihventi*on to make this el ectrical

conmuni cati on
per manent . Alternatively, the flip chig process may i nvolve deposition

of the paste on t esQr ..t f chip or both.
Subsequent |y, thégﬁggﬁgéifg %@?ﬁg Bﬁ%ﬁg%hégtmo gg ggés?aréég}lgned and
bonded under press te rature_above,t | ags Lansi t-i on poi nt
of the thernopl as¥®te® %B?§n€?°?ggﬁﬁrgﬁﬂgg Fﬂﬂs&EE?Pgdoz geiﬁrcally connect ed
device in a rapid and substantially defect-free nanne The above
appl i cati ons enphadiver; htingvahekely gusbhgpium, xhed

épﬁtsed with the paste
and conposite of the present I nvention. The uni que conbi nati on of

components that patdadiumytplabdnpmst drddipmsiandonljeysi oft bwoeary

more of the above.

9. A f#ste in accordance with Claim 7 wherein said .
conductive metal powder is a solid coated with a
ﬂmetal selected from the group comsisting of gold,
silvex:, tin, nickel ruthenium, rhodium,

palladium, platinum, iridium and alloys of two or

!more of the above.

10. A paste in accordance with Claim 9 wherein said
solid is selected from the group consisting of an

organic polymer, a metal with no surface oxide and

an inorganic material.

.11. A paste in accordance with Claim 10 wherein said
organic polymer is polystyrene latex spheres and
said inorganic material is selected from the group
consisting of silica, alumina, titania, =zircomnia,

a borate, a titanate, a silicate, carbide and

nitride.



el ectri cal

-26 * conversion t.e--a—permanent” conposite which el ect Fﬁim}i&vﬁaw&ﬁ

and el ec i [ der relatively niy
t enperature and preﬁﬁm\@“ }“Eim“{]tendant damage to
el ectroni ¢ devi ces. d Sif unthermore enphasi zed that al t hough

of the conposite makes "permanent” electrical connections,

—

t hese

and
tion

connections can be easily disconnected byst-he inposition of a tenperature
in excess of

conponent

t he conposite.

of the present in/@FgABHEC Spl¥ent syetensomprises A% lpash qup
illustrative purposes only, the invention should not be deened |inmted

polar organic solv&HMPLE 1 A sol ution of poly(imde
i n acet ophenone was

t her et o.
si | oxane)

13.

14.

16‘

o R s SR NSRS 6\l ST

nnect ed by

-The foll ow ng exanples are given-to jillustrate the

A paste in accordance with Claim 12 wherein said
organic polar solvent is selected from the group

consisting of an ester, an ether, an amide, a

lactone and a sulfone.

A paste in accordance with Claim 13 wherein said
polar organic solvent is selected from the group
consisting of 'dimethyl adipate, ethyl benzoate,
acetophenone, 2-methoxyethyl ei:her, dimethyl

acetamide, N- methyl pyrrolidinone, dimethyl

sulfoxide and mixtures thereof.

A paste in accordance with Claim 12 including a
second solvent selected from the group consisting

of a second organic polar solvent, a non-polar

solvent and mixtures thereof.

A paste in accordance with Claim 15 wherein said
non-polar solvent is selected from the group

consisting of xylene and trimethylbenzene.

scope



pr epar ed swherei n_t he_pol y(ini de_siloxane) represented——28% by wei ght,
based on the total weight of the solution. To thiﬂ;ssggey&i on fl akes™ of
silver netal of Jmm}m‘ﬂlmm“ﬂmvlze of about 1 tﬂlﬂl{m placeihe
| ength and wi dt h di Mout 1 micron neter

-27 - added. The silvér bar't'i cies were present in a [ of 87%
by wei ght, based on the total weight of g4he silver and pol y(im de

sil oxane). The 87% by wei ght_ concentration was cal cul ated | ndependent of
the wei ght ot7¢ heﬁlac%{%\%i ¥ ororductive gpmposife LANRE LGRS & of
silver particles in the poly(imde siloxane)-acetophenone sol ution was
formed into a pakeasbyaboutnd0¥%hbydvepumeiofi ancenductiveimealin a
Muel | er [trademark] high shear m xer. In a flip chip attach (FCA)

application of thgoplie¥eandeat th8eflopdaseicopplpmet pnsaide paste was

di spensed as 100 micron neter dianeter ci r?gs of about 100 m cron neter

height at 200 ni cpQRCRRLEEeCEY! Gb1uReCBAERY SH! €hd £4BA1M#Pune of

said metal powder and said thermoplastic.

18. A composite in accordance with Claim 17 wherein
said conductive mefal powder is selectgd from the
group consisting o-f an oxide-free elemental metal,
an alloy of at least two oxide-free elemental
metals, a soii‘d coated w:l.:th an oxide-free
elemental meftal and a solid coated with an alloy

of at least two oxide-free elemental metals.

19. A coxﬁposite in accordance with Claim 18 wherein
said conductive metal powder is an elem_ex;tal metal
selected from the group consisting of gold,
silver, tin, nic;.kel, rutheniuxh, rhodium,

palladium, platinum, iridium and alloys of two or

more of the above.

20. A composite in accordance with Claim 19 wherein
said conductive metal powder is a solid coated
with a metal selected from the group consisting of

gold, silver, tin, nickel, ruthenium, rhodium,



coated Wizh Au.

array of circles
| oad of 2.5 I bs.

[err] 1

11 array was 3000 p5|.

The artay—of -the features was 11 tinmes 11 The

anot her Au coat ed By laggdndi ng
uﬁm "]ﬂ resi st ance fo e was
¢ nt adhesi on stre

wei ght solution of poly(imde siloxane) 3N

-28 - nmethyl pyrr
but for the ident

having a particle size of. 5 mcrons The quantity of gold particles
added to the pol9¢Ffi ﬁg E‘*o&gﬂ

particles represented 92% by wei ght, based on the
and poly(i m de sil oxane).
the NW sol vent.

21.

22.

P41 7hanig, (MEL1nSh’ 1PEalgn! EH RED geQFIEWOEsermI e 1

d particles

*was™ conbined W t

¥$+sol-uti on was such that the gold

A composite in accordance with Claim 20 wherein
said solid is selected from the group consisting

of an organic polymer, a metal with no surface

oxide and an inorgaﬁic material.

A composite in accordance with Claim 17 wherein

said thermoplastic polymer is selected from the

. group consisting of a thermoplastic whose

23.

24,

repeating structural unit includes at least one
moiety selected from the group consisting of

sulfur, oxygen,‘ nitrogen, silicon, alkyl and
phenyl..

A composite in accordance with Claim 22 wherein
said thermoplastic polymer is a homopolymer, a
segmented copolymer or a segmented copolymer

having at least three different homopolymer

segments and mixtures thereof.

A composite in accordance with Claim 23 wherein

the segment lengths vary from one monomer unit to

many units.

resul tant,

total weight of the gold
Thi s percentage was i ndependent of the weight of



As in Exawple I, This dispersion of gold in the poly(imde siloxane)-NW

sol ution was co ste after being subjected tomxing in a
il 0" 1 o MTRAAUER e s et il
F

CA a i cation as escras bed |l e 1. The adhesi o 3200
psi for a bonding load of 2.75 I|bs.
EXAMPLE 3 A m xture conprising 13%gdgy- wei ght of poly(im de
CLAI M5 1. [

An el ectrically conductive paste conprising a thernoplastic

pol ymer, a conductive netal powder and an organi c sol vent system

wherein said conductive netal powder is selected fromthe group, consisting
of an oxide-#?ee &I ePEPPaitepin acaardange with;Claim: 24 Whepeim-free

el emental netals, a solid

said thermoplastic polymer is a homopolymer

selected from the group consisting of

polysulfones, polyolefins, polyacrylates and

+

mixtures thereof.

26. A composite in accordance with Claim 25 wherein

said thermoplastic polymer is a segmented
copolymer selected from the group consisting of a
poly(imide urea), a polyiether éiloxane), a
poly(imide siloxane), a boly(st&rene butadiene), a
'poly(styrene isoprene), a poly(acrylonitrile

butadiene), a poly(ethyleme vinyl acetate), a

polyurethane and mixtures thereof.

27. A process of making a flexible circuit comprising

contacting an electrical component and a
circuitized flexible substrate with the
electrical}y conductive paste of Claim 1, and
thereafter heating said substrate to a temperature

above the glass transition temperature of the

polymer.

28. A process of electrically connecting a



coated -w th an oxi-de—free—elenental netal and a solid coated with an alloy

of at least two -free elenental netals; and ¥ al
in said conductiv Iim "I'tmm]llml sel ected fromthe gr W i of
gold, silver, tin% rhod| um palladiu i di um
and alloys of two or nore o he above . A paste in accordance with caim
1 wherein said solid is selected from t—h37 group consisting of an organic

pol ymer, a netal &&{gai%é@c&%%%r}g%@%%rwg% Gnor@ipidsdl - 3. A

paste in accordanc alm 2 rgam c po ynmer is

pol ystyrene late g I cted fromthe-
group consisting o thhg mi‘é?uén?ir—]'gcﬁ?&t;’ ani rZI r ?él Aéhg% Fé

titanate, a silicate, ca b| ectrjcal on uctive
conposite conpri si PHEEFTIES: ffy %b?a%%?’ﬁ @r :g‘” t t§4A net al

powder and a thernopl astic polyner sald per cent age by vol une based on the
total volunme of saviasptkinfngcep apddswias; heemopingt the solvemhdb®in said
conductive nmetal powder is selected fromthe group consisting of an

oxi de-free el ementhbatithgl inaanabtmpspheae brath tvacuom; dandrthem| enent al
metals, a solid coated with an oxide-free elenental netal and a solid

coated with an al 'augiuﬁg thRasyih¥OofoxhdealijaeefteMagopk - 4042l s; and
wherein said netal in said conductive netal powder is selected from the

group consisting [ EHbﬂ cke r podi
pal | adium plati nu%z"a P 3% and 4 oys%b & ltem@%&%%%@”?f EE 1Eove
31 5. A conposjt e | rdance wth C|a|m4 wherein said solid is

selected fromthe COnS|st|ng of an organic polynmer, a netal with
no surface oxide and an I nor gani c

29. A process of preparing a surface mount comprising
disposing the leads of a lead-frame in electrical
contact with corresponding pads of a substrate
circuit board whereby there is electrical contact
between said leads and said pads; depositing the
eléctrically conductive paste of Claim 1 over said
pads; and heating said assembly to a temperature
above the glass transition temperature of the

polymer.

30. A process of bonding an integrated chip to a
circuit board comprising disposing said
electrically conductive paste of Claim 1 on pads
on said chip, said circuit board or both and
aligning said pads of said chip and said board;

and heating the assembly to a temperature above



matert dl * = 6. A pas_t_e—t_et_ formingan electrically conductive conposite

conprising, in the m]mm]ﬂ] I ux agent, a thernoplastic pol yner
sel ected fromthe gro m" poly(i m de urea), a poly(ether
si | oxane), a poly(im dé sfl oxarte) s a*pol y(styrene but adi ene), a

pol y(styrene isoprene), a poly(acrylonitrile butadiene), a poly(ethylene
vinyl acetate) and a pol yuret hane; an oxid& free netal powder having a

mel ting point of thellpleddst Al AP dificidtre o Sands polymede- 1 ee
powder is an oxide-free el enenta met or an | oy of east two
oxi de-free elenmental netals, and an organi c sol vent syst em whi ch

i ncludes at | east one polar organic solvent and anot her sol vent sel ected

fromthe gr ougycon sting of a secand. or nic r s0] vent non pol ar
sol vent and sj&t rPé‘g"‘ter?e‘-‘r % Ip&stq ol yner,

oxi de-free netal powder and organi c sol vent system are corrpounded

such that the past EHrt duiad adomithe glassitxangition tempersigaef from
about 3000 - 5000 Poi se. 7. A paste in accordance with Claim®6

wherei n sai d el enermifalsaid golymer| befere fsaid alignimg gtemp consi sting of
gold, silver, tin, nickel, ruthenium rhodium palladium pl ati num and
iridium 8. A paste in accordance with Caim6 wherein said non-polar
solvent is selected from t he group consisting of xylene and

trimet hyl benzene. 9. An electrically conductive e corrprl sing a

t her nopl astic polynmer, a conductive - et al povvder nd an 0 AlLC_

sol vent system wherei n said conductive netal Hadfﬁrensﬁl ected
fromthe group consisting of an oxi de-free el enenta atfﬂdy of
at |l east two oxide-free elenental netals, a solid

oxi de-free el enental netal and a solid coated with an aIon st t wo
oxi de-free el enental netals, and

32 wherein said organi c solvent system conprises at |east one polar

organic solvent, and is selected fromthe group consisti.ng of an ester, .an
ether, an aide, a lactone and a



sul f dre.** 10. A paste in accordance wth Caim9 wherein said polar organic
solvent is selected fromthe group consisting of dimethyl adipate, ethyl
benzoate, acetophenone, 2- nethoxyethyl ether, dinmethyl sulfoxide and

m xtures thereof. 32 conducti ve
metal powder is an el emental netal selected fromthe group consisting
of gol d, silver, tin, nickel, rutheniggm rhodium pal | adi um

plati num iridiumand alloys of two or nore of the above. 9. A
paste in accordance with Claim7 wherein said conductive metal powder
Is a solid coated wth a metal selected fromthe group consisting of
gol d, silver, tin, nickel, ruthenium rhodium pal I adi um

plati num iridiumand alloys of two or nore of the above. 10. A
paste in accordance with Claim9 wherein said solid is selected from

the group consi sti nEEOf an
AD FREE CONDUCTIVE COMPOSITES FOR ELECTRICAL

INTERCONNCTIONS
ABSTRACT

An electrically conductive paste which includes a thermoplastic polymer, a
conductive metal powder and an organic solvent system is disclosed. The invention
further encompasses an electrically conductive composite which includes the
aforementioned thermoplastic and metal, wherein the metal represents at least about 30%

! by volume, based on the total volume of the composite. The composite is formed from
the paste under elevated temperature. The paste is employed in processes which involve
electrically connecting electrical and electronic components under process conditions

which convert the paste to the composite.

Fig. 1.

—_
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This Sheet Has Bee

i



or gaf+ cepol ymer, a netal with no surface oxide and an inorganic

mat eri al . 11. A paste in accordance with Cdaim 10 wherein said

organi ¢ polyner is polystyrene | atex spheres and said inorganic
material is selected fromthe group consisting of silica, alum na,
titania, zirconia, a borate, a titanate, a silicate, carbide and
nitride. 171 -33- 12. A paste in
accordance with Claim1 wherein said organi ¢ sol vent system conpri ses
at | east one pol ar organi ¢ sol vent. 13. A paste in accordance with
Claim 12 wherein said organi c polar solvent is selected fromthe
group consisting of an ester, er, an amde, a | act one and
a sul fone. 14. A paste in accorda%fé Claim 13 wherein said

pol ar organic solvent is selected fro FZ' group

" .r.""" \ﬂ 2 [\-?2
I T - ) S

?‘% 7w




Sonsi SERAF 678 dPHALFY ISPRUEOA EERRISAY|926876at o | RELLACENENT, SHEERYe, ©-8
2.-=r‘ret hoxyet hyl et her, di nethyl acetam de,; I nethyl pyrrél{di none,

di nmet hyl sul foxi de and mi xtures thereof. A8.FER noug e} i
accordance with Caim12 including a segond sol vent selpcfed from

t he group consisting of a second organi £ porar—suvtwvent g non- pol ar
sol vent and m xtures thereof. 16. A %ast eiln._accordance wtih Caim15
wherein said non- pol ar solvent is selected fromthe group

consi st i ngq Gt ' rBﬁl@ﬁE Ssoci . tra ; -

-34 - 17. %\d Iectric%gl {‘l:biggﬁ%élve cgrrpo'salt ew‘g%)rerlﬁ:l Slorrllgu%tgvecomposmggg.t

about 30% bf thelpritke 4t uled @9 1edtiivallyTebitect elxm&hﬁﬂ&iv@ﬂﬁrxﬂxﬁ{?ermﬁ' afb! C
al vo

pol ymer, said per cent age by vol une based on the tot une of

sai d met al electrokondactivespiset ¢ffthe prssemsippiication not only permits remelting of the paste
but, in addition, solves the problems associated with acidic fluxes by eliminating a flux
Iaterial therein.

In accordance with the- present invention, an electrically conductive paste is
provided. The paste includes a thermoplastic polymer, a conducting metal powder, and
an organic solvent system, wherein said conductive metal powder is selected from the
group consisting of an oxide-free clemental metal, an alloy of at least two oxide-free
clemental metals, a solid coated with an oxide-free elemental metal and 2 solid coated
with an alloy of at least two oxide-free clemental metals; and wherein said metal in said
conductive metal powder is selected from the group consisting of gold, silver, tin,
mickel, ruthenium, rhodium, palladium, platinum, iridium and alloys of two or more of
the above. .

In further accordance with the present invention, an electrically conductive
composite is described. The composite comprises at least about 30% by volume of a
conductive metal powder and a thermoplastic polymer, said percentage by volume based
on the total volume of said metal powder and said thermoplastic; wherein said
conductive metal powder is selected from the group consisting of an oxide-free elemental
metal, an alloy of at least two oxide-free elemental metal, an alloy of at least two oxide-
free elemental metals, a solid coated with an oxide-free elemental metal and a solid
coated with an alloy of at least two oxide-free elemental metals; and wherein said metal
in said conductive metal powder is selected from the group consisting of gold, silver,
tin, nickel, ruthenium, rhodium, palladium, platinum, iridium and alloys of two or more
of the above.

In further accordance with the present invention, a paste for forming an electrically
conductive composite is described. The paste comprises, in the absence of a flux agent,

& thermoplastic polymer selected from the group consisting of a poly(imide urea), a



*18. A conposite in accordance with Caim17 wherein sai d conductive
metal powder is selected fromthe group consisting of an oxide-free
el enental netal, an alloy of at |least two oxide-free el emental
metals, a solid coated with an oxi de-fref® el enental netal and a solid
coated with an all oy of at least two oxide-free elenental netals.

19. A conpgatt e s d | Nty 0] - Sai.d |ve
et al pondiey (e BRI, Ay ik Hidkati 4 WISEF, bundiend” i pfifHytehs
consi sti ngj ,ﬁg} d '  ubed i 3 [ rggg#
pal | adi um lsg{’atl _r'lu?n W?’T‘?j‘?’ﬂm‘ﬁ? al | R Z’f C%ﬁ%o%qeﬂiym i lre 0 haendab%ye.
20. A Comﬁgﬁﬂy&&tﬁaﬂefiﬁﬁmﬁﬁ Wietal powdies hivingAcheing point of atigast asegtdm lve
nmetal powder is a solid coated with a nmetal selected fromthe group
consi st i ngdegrees C, wherefilsgid oxidefree powder iadkeXide-froé Blefientsl nidislcoruan alloy
- 35- pal l adium platinum iridiumand alloys of two or

of at least two oxide-free elemental metals; and an organic solvent system which includes

at least one polar organic solvent and another solvent selected from the group consisting
of a second organic polar soivent, a non-polar solvent and mixtures thereof, wherein said
thermoplastic polymer, oxide-free metal powder and organic solvent system are
compounded such that the paste has a non-Newtonian viscosity in the range of from
about 3000 - 5000 Poisc.

In still further accordance with the present invention, an electrically conductive
paste is described. The paste comprises, a thermoplastic polymer, a conductive metal
powder and an organic solvent system, wherein said conductive metal powder is selected
from the group consisting of an oxide-free elemental metal, an alloy of at least two
oxide-free elemental metals, a solid coated with an oxide-free clemental metal and a solid
coated with an alloy of at least two oxide-free elemental metals; and wherein said
organic solvent system comprises at least one polar organic solvent, and is selected from
the group consisting of an ester, an ether, an amide, 2 lactone and a sulfone.

In still further accordance with the present invention, a method of circuitizing a
flexible substrate to create a flexible circuit is provided. In this method, clectronic
compoaents, such as intcgrated chips and surface mount devices, are bonded to a flexible
substrate by means of the conductive paste of the '
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‘nore of the above. 21. A conposite in accordance with C aim 20 wherein

said solid is selected fromthe group consisting of an organic
pol ymer, a \ hdgACE oxi de and an inorganic naterial.
22. A conpogﬂaﬂm,\rmmj“ﬂ:nﬂm& with O ai id97 wherein sai d

t'her nopl asti c *poleymer #s selected fromthe group consisting of a

t her nopl asti ¢ whose repeati ng sgu al unit includes at |east one
noi ety selected fromthe group consis sul fur, oxygen,

ni trogen, siligol . . 23, C0 ite in .
accor dancel‘wi t éeglélrﬁ‘%g %&vﬁ P a&%ﬁ%&xﬁng & W&Fﬁ%ﬁé’gté@gﬁfﬁ’ W@@?
honopol y : r or a segnented copol yner
having at least t reagd%ﬁ%?o% % yirer _ segnents and m xtures
t her eof . wifereift SRITBSRIotAvE Meff] Powder Bscliictdd frbi it F3oi) 6orishing of an
the segnment | engths vary from one nonomer unit to many uniTs.

oxide-free clemental metal, an alloy of at least two oxide-frec elemental metals, a solid

coated with an oxide-free elemental metat and & solid coated with an alloy of at least two

oxide-free elemental metals; and

wherein said metal in said conductive metal powder is selected from the group

. consisting of gold, silver, tin, nickel, ruthenium, thodium, palladium, platioum, iridium

and alloys of two or more of the above.

2. A paste in accordance with claim 1 wherein said solid is selected from the group

consisting of an organic polymer, a metal with no surface oxide and an inorganic

marterial.
3. A paste in accordance with claim 2 wherein said organic polymer is polystyrene
Iatex spheres and said inorganic material is selected from the group consisting of silica,
alumina, titania, zirconia, a borate, a titanate, a silicate, carbide and nitride,
4. An elec;trically conductive composite comprising at lcast about 30% by volume of a
conductive metal powder and a thermoplastic polymer, said percentage by volume based
on the total volume of said metal powder and said thermoplastic;

wherein said conductive metal powder is selected from the group consisting of an
oxide-free elemental metal, an alloy of at least two oxide-frec elemental metals, a solid
coated with an oxide-free elemental metal and a solid coated with an alloy of at least two
oxide-free elemental metals; and

wherein said metal in said conductive metal powder is selected from the group
consisting of gold, silver, tin, nickel, ruthenium, rhodium, palladium, platinum, iridium

and afloys of two or more of the above.
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- - 36- 25. A conposite in accordance with C aim 24 wherein sai d

t hernopl astic pol ymer sel ected fromthe group

‘consi sting of m‘mm&g‘f}‘ﬂaﬂl HI‘E pol yol efins, polyacryl ates and

m Xt ures ther IV cdrrp03| te iRMlaccordance with Cl aim 25 wherein
‘sai d thernoplastic polyner is a segnented copol ymer selected fromthe

ol y(i m 8- oi Posaragete o ot e iatln bopefeid gas'o1d &#@@?&E@ﬁm
ncotat o), basoeConkisig VE B Grbipi€ petpmer, £ RE o ok oGt i Ef gl

maki ng a H &gai)l e circuit conprising contacting an el ectrical
conmponent “an circuitized flexible substrate with the

6. A paste for forming an clectrically conductive composite comprising, in the
absence of a flux agent, a thermoplastic polymer selected from the group consisting of a
poly(imide ures), a poly(ether siloxane), a poly(imide siloxane), a poly(styrene
butadiene), a poly(styrene isoprene), a poly(acrylonitrile butadiene), a poly(ethylefie
vinyl acetate) and 2 polyurethane; an oxide-free metal powder having a melting point of
at least about 200 degree C, wherein said oxide-free powder is an oxide-free elemental
metal or an alloy of at least two oXide-free elemental metals, and an organic solvent
system which includes at least one polar organic solvent and another soivent selected
from the group consisting of a second organic polar solvent, a non-polar solvent and
mixtures thereof, wherein said thermoplastic polymer, oxide-free metal powder and
organic solvent system are compounded such that the paste has a non-Newtonian
viscosity in the range of from about 3000 - 5000 Poise.
7. A paste in accordance with Claim & wherein said clemental metal is selected from
the group congsisting of gold, silver, tin, nickel, ruthenium, rhodium, paltadium,
platimum and iridium.
8. A paste in accordance with Claim 6 wherein said non-polar solvent is sclected from -
the group consisting of xylene and trimethylbenzene,
9.  An electrically conductive paste comprising a thermoplastic polymer, a conductive
metal powder and an organic solveat system,

wherein said conductive metal powder is selected from the group consisting of an
oxide-free elemental metal, an alloy of at Jcast two oxide-free elemental metals, & solid
coated with an oxide-free elemental metal and a solid coated with an alloy of at least two
oxide-free elemental metals, and
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“electricall ylmﬁaucti ve paste of Caim1l, and thereafter heating
C

sai d substr mnﬁmﬂ'r] re above the glass transition
L s yner. 32 28. A process of electrically

connecting a - 37- mul til ayered

". structure having one or nore vias t her et hrough structure conpri sing:
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vias; lining up said vias; renoving the solvent by heating in an
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| ayers and heating said assenbly to a tenperature of at |east

about 130jfene.] C. 29. A process of preparing a surface nount conprising

di sposing the leads of a lead-frame in electrjcal _contact with

cor r espd®di iy pastedngecerdanaeswith (Jaim 9 whezein said: palaraPiganis soluspt ishselesteds

el ectrical caontact . between, said | eads and ,sai d pads; depositing the
from the group consisting of dimethyl adipate, ethyl benzoate, acetophenone, 2-

methoxyethy] ether, dimethy! sulfoxide and mixaires thereof.
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el ectrical I‘y conductive paste of Claim1 over said

pads; and heating

said assenbly to a tenperature above the glass transition tenperature
of the pol ymer. 30. A process of bonding y to a
circuit board conprising disposing said el eé:@%mm r/e
paste of Claim1l on pads on said chip, said rcuit board of poth
and aligning said pads of said chip and sai §i boa¥@MART998 hnp
heating the assenbly to a tenperature above

pol yrner 3

- 38 - the dgtass transition tenperatud®.of said . . {The
process of Cl aim 30 wherein said paste is fi -&&—d:—l-ecL_beJ_a.\AL.t_hLe gl ass
transition tenperature of said polyner before said aligning step.

LEAD FREE CONDUCTIVE COMPOSITES FOR ELECTRICAL

INTERCONNCTIONS

| ABSTRACT

An electrically conductive paste which includes a thermoplastic polymer, a

conductive metal powder and an organic solvent system is disclosed. The invention

further encompasses an electrically conductive composite which includes the

aforementioned thermoplastic and metal, wherein the metal represents at least about 30%

by volume, based on the total volume of the composite. The composite is formed from

the paste under elevated temperature. The paste is employed in processes which involve

electrically connecting electrical and electronic components under process conditions

which convert the paste to the composite.

Fig. 1.



