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ELECTRICALLY·2~~DU~flVE PASTE MATERIALS AND APPLICATIONS. 

FIELD OF THE INVENTION 

.The v.resent invention relates to novel interconnection materials for forming 

electroconductive coni1ections between electroconductive members, and to the metJlod 

for producing such electroconductive connections. In addition, this invention addresses 

environmentally-safe materials and. processes, which can be an alternative to lead 

(Pb)-containing solder connection technology. 

BACKGROUND 

MosL electrical condttctors used in electronic device.Iii' are made of metals, such as copper, 
I 

aluminum, gold,· silver, lead/tin (solder), molybdenum and others. Solder connection 

technology using lead/Un alloys plays a key role in various levels of electronic packaging, 

such as ftippchip connection (or C4), solder-ball connection in ball-grid-arrays (BOA). 

JC package assembly to a printed circuit board (PCB). Solder joints produced in the 

electronic packages serve critically as clecLricaf interconnections as well as . .. . . 
mechanical/physical connections. \Vhcn cill'\cr of these functions fails, the solder- j.;int 

is considered to have failed, which can often threaten a shut-down of the whole 

electronic system. 

Flip-chip con neclion is a most effective chip in tcrconncction melhod currently used 

for high perrormancc packaging applications, such as multichip modules, where lead 

(Pb)·rich solder bumps connect high perrormancc chips directly lo a ccramil! substrate. 

Solderpball ccmncclion in ball-grid array (BGA) packages is an extension of the 

mfl"'chip connection method, where either single-chip or multichip modules a1:e 

connected lo a polymeric PCl:J by using a grid array of large solder balls. The solder 
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balls currently in use have ~the composition of a high tin content, such as Pb- l Oo/aSn Oi 

Pb-20%Sn, in order to act as a non-melting stand-off when these modules are attached 

to the PCB substrate iising lower melting point Pb-Sn eutechic solder. 

When microelectronic packages are assembled to a printed circuit board, the 

.lead-tin eutectic solder, 63°/oSn-37%Pb, having the lowest melting point (183 °C) among 

Pb-Sn alloys, is most widely used. Jn these appJi~~tions, there are two solder connection 

technologies employed for mass production: plated-through-hole (PTH) and surface 

mount technology (SMT) sotdering. The basic'differencc between the two technologies 

. originates from the difference· in the PCB design and its interconnection scheme. 

tn PTH soldering, solder joints are made by utilizing the plated-through-holes on 

a PCB. For example, in wave soldering, molten solder is directly applied to the area or 
the PTH and is further drawn in by a capillary force to fill the gap between the I/O pin 

and the wall of the plated-through hole. 

In SMT solderin8. ·microelectronic p·ackages arc directly attached to the surflce of 

a PCB. ~major advantage or SMT i~ high packaging dcn5ity, which is realized by 
. 

eliminating mo5l PTH's in Lhe PCB a$ wcH as by utilizing both surfaces of the PCB lo. 

-accommodate components. Jn addilion, SMT packages have a finer lead piLch and a 

smaller package size compared to traditional' PTH packages. ·Hence, SMT has 

contributed signincanlly in reducing the size of eleclronic packages ancl thereby the 

V'olume or the overall !\ystcm. 

In SMT soldering, solder pa~lc 1$ applied lo a PCB by screen printing. Solder paslc 

consists of fine solder powder, flux, and organic: vehicles. During the rcnow proccs~. 

solder particles arc melted, nux is activated, ~olvcnt materials are evaporated, and , 

simullru1cou=-ly molten solder coalesce$ and is eventually ~olidificd. fn contrast, in the 
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wave soldering procc::;:;,.a- PCB is nrst fluxed and components am mounted an it. Tt11cn • 

it is nioved over a wave of molle:n .c;oldcr. The soldering process is usually completed 



by subjecting f.he solder joints to a cleaning step to remove rcsid~at flux material5. Due .. 

to environmental concerns! CFCs and other harmful cleaning agents are being 

~liminated and replaced by either water-soluble or no-clean flux materials. 

Recent advances in microelec:tronic devices demand a very fine pitch connection 

between electronic packages and a printed circuit board (on the order of a few hundred · 

micrometer pitch). The current ·solder paste technology used in SMT can not handl~this 

very fine pitch interconnection due to the soldering de:fecis such as bridging or solder 

balling. Another technical limitation of using the Pb-~n eutectic solder is its high reflow 

temperature. approximately 215 •c. ·This temperature is already higher than the glass 
. . 

transition temperature of the epoxy resin used in most polymcrtc printed circuit board 

materials-. Therm.al exposure at this rcflow temperature produce.c; significant thermal . . 

· strains in a printed eircuit board after soldering, especially in the direction per-PendicuJar 
• • 

t0 the surface of a PCB, where no structural reinforcement is present. Thereby, the 

residual thermal slrains in an assembled PCB \Vould adversely affect the reliability of 

an electronic system. 

A more serious concern regarding the usage or lead (Pb)-containing solders ts an 

environmental issue, which we have cxpc1·icnccd already in other induslries by 

eliminating lead from gasoline, painLc;, and hou~chofd plumbing solders. 

In the electronic industry, two different groups or materials are bci11g investigated 

currently for the possibility of replacing Lhc Pb-containing solder materials; Pb-free 

solder alloys, and clccl.rically conductive pastes (ECP). The present invention di~cu:;scs 

the development and applications of l11c electrically conductive paste materials. An 

c:lcctrically conductive pa~te (or adhesive) i!i macJc of' electrically conducting filler 

.. 

parliclcs loaded in thc·malrix of a polymer n;atcrial. Silver-particle filled epoxy 2 i~•lhc • 

most common example of the c:C.::ric:ally co;iductivc pa~lc.i;, schematically !ihowri in 

FIG. I. Tile silver particles 4, u~:!ally in the ~hapc or nakl?S, provide electrical 
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conductio~ by percoJation mechanism, while the epoxy matrix 6 provides adhesive ~nd 
between the componcnt.s 8 and a snbscrate 10. This sliver-filled epoxy material has been 
long used in the electronic applications as a die-bonding material, -where its good thermal 
conduction rather than electrical conduction property is utilfaed. However, this material 
has not been accepted for the applications requiring high electroconduction and fine pitch 

connection. The silver-filled epoxy material has several limitations, such as low 

electrical co11ductivit.y, increase in contact resistance during thermal exposure, low joint 

strength, silver migration, difficulty in rework, and others. Since this silver-filled epoxy 

material is electrically conductive in all the directions, it is classified as "isotropic" in 
electro-conduction. 

There is another class of electrically conductive adhesive (or film), which provides 
electroconduction only in one direction, This class of the materials is called as 

"anisotropic" conductive adhesive or film 12, shown schematically in FIG. 2, contains 
electrically conductive particles 18 within a polymeric adhesive material 20. The 

anisotropic conductive adhesive or film 12, becomes conductive only when it is 

compressed between two conducting pads 14 and 16 as shown in FIG. 2B. This process 
: normally requires heat ind pressure, The major application of the anisotropic conducttte 

film is for joining of a liquid crystal display panel to its electronic printed circuit board. 
I 

The conducting particles are usually deformable, such as solder balls, or plastic balls 

coated with nickel ai1d gold. The binder or adhesive material is mostly a thermosetting 
resin. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to ameliorate one or more diSadvantages of 

the prior art. 

According to one aspect of the present invention there is provided a structure for 
forming electroconductive connections between electroconductive materials, comprising: 

a plurality of particles embedded within a cured polymeric material; each of said 

plurality of particles having an electrically conductive coating. at least some of said 
particles being fused to other said particles through said electrically conductive coating. 

According to another aspect of tlte present invention there is provided a structure 
for forming electroconductive connections between electroconductive materials, 
comprising: a plurality of particles disposed in a polymeric material, said polymer-if 
material being selectod from the group consisting of polyimide, siioxane, polyimide 

siloxane, and bio-based polymeric resins derived from lignin, cellulose, wood oil and 
crop oil; each of said plurality of particles having an electrically conductive coating, at 
least some of said particles being fused to other said particles through said electrically 
conductive coating. 
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According to stilt another aspect of the present invention there is provided a 

structure for forming electroconductive connections between electroconductive materials, 

compnsUlg: a plurality of particles embedded within a polymeric material, said 
polymeric material being an uncured thermoplastic adhesive; each of said plurality of 
particles having an electrically co11ductive coating, at least some of .said particles being 

fused to other said particles through said electrically conductive coacing. 

According to .still another aspect of the present invention there is provid~ a 
structure for forming e!ectrocond.uctive connections between electroconductive materials, 

comprising: a plurality of particles embedded wit~in a polymeric material, said 

polymeric mater~l being a cured thermoplastic adhesive; each of said plurality of 

particles having an electrically conductive coating, at least some of said particles being 
fused to other said 11articles through said electrically conductive coating. 

According to still another aspect of the present invention there is provided a 
structure for forming electroconductive connectiom between electroconductivc materials, 
comprising: a polymeric material embedded between a first and a second surfaces; and a 
plurality of particles disposed in said polymeric material; each of said plurality of 
particles having an electrically conductive coating, at least some of said particles being 
fused to other said particles through said electrically conductive coating; and wherein 
said polymeric material provides int.erconnection between said first and said second 
surfaces and provides adhesive joining of said first and said second surfaces. 

According to still another aspect of the present invention there is provided a 

structure for forming electroconductive connection between clcctroconductive mater~, 

comprising: a polyme~ic material embedded between a first electrically conductive anlf a 
second electrically conductive surfaces; and a pJurality of particles disposed in said 
polymeric material; each of said plurality of particles having an electrically conductive 
coating, at least some of said particles being fused to other said particles through said 

electrically conductive coating; and wherein said polymeric mat.erial provides 
interconnection between said first and said second surfaces, wherein said first electricaJly 
conductive surface is a first electronic device contact location and whereiµ said second 
el~ically conductive surface is a second electronic device contact location. 

According to still another aspect of the present invention there is provided a 
structure for forming clectroconductive conncct~ons betwee11 electroconductive materials, 
having a first and a second electrically conductive surfaces comprising: a plurality of 
particles embedded in a polymeric material and provided between said first and 1aid 

·second electrically conductive surfaces; each. of said pluraJiry of particles having an 
electrically conductive coating, at least some of said particles being fused to other said 

particles through snid electrically conductive coating; wberein said elecrrically 
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conductive coating has a melting temperature less than that of said particle, and wherein 

one of said first and said second electrically conductive surfaces is a solder surface. 
According to still another aspect of the present invention there is provided a 

method comprising the steps of: providing a paste of particles, each particle having an 

electrically conductive coating thereon, embedded within a polymeric material, said 
coating being selected from the group consisting of Sn, Zn, In, Bi, and Sb; disposing 

said ·paste between a first and a second electrically conductive surfaces; heating said paste 

to a first temperature sufficient to fuse said coating on adjacent particles to form a 

network of interconnect.eel particles with spaces therebetween; and h~ting said paste to a 
second temperature sufficient to cure said polymer in said spaces. 

According to still another aspect of the present invention there is provided a 
method for forming electroconductive connections between electroconductive materials, 
comprising the steps of: providing a paste of particles, each particle having an 

electrically conducti\1e coating thereon, embedded within a polymeric material, said • 

polymeric material being selected from the group consisting of polyimide, siloxane, 

polyimid.e siloxane, nnd bio-based. polymeric resins derived from lignin, cellulose, wood 
oil and crop oil~ disposing said paste betwben a first and a second electrically conductive 

surfaces; heating said paste to a first tc!mperature sufficient to fuse said coating on 
I 

adjacent particles to form a network of interconnected particles with spaces 

therebetween: and beating said paste to a second temperature sufficient to cure said 

polymer in said spaces. 
According to still another aspect of the present invention there is provided a 

structure for forming electroconductive connections between electroconductive members, 

comprising: particles of copper, each particle having a coating selected from the group 
consisting of Sn and In; at least some of said particles being fused to other said particles 
through said coating and embedded within a thermoplastic polymer precursor and a 

solvent. 
According to yet another aspect of the present invention there is provided a method 

for forming electroconductive connections between electroconductive materials, 
' comprising tile steps of: providing a paste of particles, each particle having an 

electrically conductive coating thereo11, embedded within a polymel'ic material; disposing 

said paste between a first and a second electrically conductive surfaces; heating said paste 
to a first temperature sufficient to fuse said coating on adjacent particles to form a 
network of interconru~cted particles with spaces therebetween; and heating said paste to a 

second temperature sufficient to cure said polymer in said spaces; and wherein said first 
temperature and said second temperature are from about 150 degrees C -to about 250 
degrees C. 

• 
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BRIEF DESCRIPTIOK OF THE DRAWINGS 

Further objects, features and advantages or the present invention will become apparent 

from a consideratkm· of the following detailed description of the invention when· read in • 

conjunction with the drawing Figures J-7 in which: 

FIG: I is a scltem11tic illustration of an electrically con~uctive paste comprising silver 

nake particles as n filler in the malrix of epoxy resin. ·The conductive paste is classified 

as isotropic in electroconduction. (prior arl) 

FIG. 2A is a schematic mustrati~n _of an electrically co~ductive a4~esive which becomes 

electrically conducti~e only in the one direction wh(:n the adhesive film is compressed . . . 

between t:wo contact or llond pads as shown in FIO. is. The conductive adhesi~e (or 

film) is classified as anisotropic. (prior arl) 

FIG. 3 1~ a schematic drawirig of a paste according to the present in:venlion. 

FIG. 4 is a schematic illustration of an electrically concfucti'c,~e paste;material according 

to the· present invention, comprising particles filled in the matrix of thermoplastic 
i . 

polymer resjn. The particles are coated with low melting point. non-toxic metal'i dhich 

were fused to achieve. metallurgical bonding between adjacent particles, and between the 

particles and the contact surfaces thal a!'c joined using the paslc. 

FlG. 5 is a schematic cross-5cclional illu5lralion rcpre.1tenting a surface mount integrated 

circuit package connected to a c!rcuit board by an electrically conductive paste 

according lo the invention. 

FIG. G is a schcmatir: cro.ss-scclianal illu$lralion representing an inlegraLcd circuit chip 

dircctJy altached to a high dcosit.y printed circuil board by using lhe electrically 

conductive paste acce>rding tu the prc~cnl invcnli<>n. 

FIG. 7 is a schcmalic illu.stritio1. of a mullilayer ceramic ~ubsl1"ale with the conduclivc 

pa~tc structure matching lo the C4 bump structure 011 a silicon wafer. The multilayer 

ceramic subsLr2tc serves as ;i vr.i~:ctc for warcM:c:2lc burn-in and chip lCSLi.ng. 
t 

• 

---• 



' 
DETAILED DESCRIPTION 

tn one pa1·ticular embodiment, we disclose a new electrically conductive paste material 

consisting of tin-coated copper powder, polyimide-silo7\ane, solvent (N-methyl 

pyrrolidione or NMP), carboxyHc acid/surfactant. A joining operation can be 

performed near the melting point of Sn, 230 °C, where a metallurgical bondjng of 

Sn-to-Sn or Sn-to-Au is accomplished at the particle-to-particle as well as 

particle-to-substrate pad interfaces. The joining process can be either solid-state or 

Hquid·solid reaction. Th_c polymer curing process can be combined with the joining 

p:rocess depending on the paste formulation. Because of the metallurgical bondirig. a 

higher electncal conductivity is expected with the joints made of the new paste material 

than with those of the silver-epoxy material. The· metallurgical bonds also provide stable 

• 

.. .. . ' .. 
electrical conductivity of the new joints upon thermal exposure·and cycling. Jt 'is also 

expected to have a higher joint strength from the combined elTect of the metallprgical 

and adhesive bonds. Depending on the applications, the particle size of tin-coated 

powder, composition of the polymer matrix and volume fractio11 of the filler material can 

be adjusted. Since the present conductive paste is primarily based on the metallurgical 

boncls, the critical volume fraction or the filler material required to achieve acceptable 

conductivity levels is much ler;:> than the co.nvcntional Ag-epoxy paRte. 

In another embodiment, we propose the use or polymer resins prepared from 

renewable resources or bio-based materials aflcr appropriate runcLionalization to 

achieve the desirable thermal and rheologicaf properties, see for example, the final rcporL 

on NSF Grant# BCS 85-12636 by W.G. Glasser and T.C. Ward. Lignin (by product 

from paper manufacture), cellulose, wood or crop oils are potential candidate.~ fo1' this • • • 
purpose. Use of Lhcsc ma.terlals i~ cnviron'inentally preferable because they arc derived 

from nalural ancJ rcncwahk icsaurcc~ and can be disposed <lf more readily al the end 

of the useful life or the elc~:..:oiliC :isscml>ly. This i~ parLicularly atlract.ivc bcca~t~C lhL"": 

• 
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use of rhc Cu~Sn powder elimin2ces Lhe USI! (lf lead (Pb) containing solders ancJ th!.! 

rc~ulting paste fnrmulaticm is non-roxic and ei\sy to dispose. 

~ FIG. 3 illuscrales new electrically conductive paste {EC.l') materials JO, 

according to the present in"emion, comprising particles 32 having an electrically 

conducting coating 34, as conducting filler materials, and a polymer matrix 36. The 

par[icles 32 are preferably Cu particles. The particles 32 may be Ni, Au, Ag, Al, Pd 

and Pt. The coating 34 may be Sn, Zn, In, Pb, Bi or Sb. The coating 34 is preferably 

tin, indium, and bismuth, antimony or combinations ~eof. The polymer matrix is 
preferably a tbennoplastic, most preferably a polyimide siloxalie. The invention will be 
described below it1 terms of the preferred embodiment, but it is not limited theretti,, 

. The first step of tin-plating on copper powder is cleaning of fine copper 
powde.i;- in a dilute sulfuric acid. The copper powder used is spherical in shape, having 

a size distribution of 2 to 8 µm in diameter, which was obtained from Degussa 
Corporation, South Plainfield. NJ. Tin plating is i;>erfonned on the clean copper 
powder in an immersion tin plating solution, TINPOSIT LT-34. from Shipley, Newton, 
MA .. The optimum thickness of tin is 0.3 tO 0.5 µqi on 5~7 µm Cu powder. After . . 
rinsing. the tin-plated copper powder is immediately mixed with a no-clean flux, 
FLUX30S, from Qualitek International, Inc., Addison, IL. This prevents tin-plated 

copper powder from oxidation until it is processed into a conductive paste. The tln­

plated copper powder is formulated into a conducting paste by mixing with polyimide 

siloxane, NMP solvent, b~tyric acid and ethylene glycol. The relative amount of filler 
powder over the polymer matrix is varied from 30 to 90% in weight, depending on the 

applications. In ge,1eral, for the isotropic conduction, a high filler weight percent is 
required, while a lQw filler weight percent is required for the anisotropic applications. 

To insure uniform dispersion of the ingredients, the mixmre is processed in a three-roll . . ' shear mill. The viscosity is also controlled by adjusting the volume fraction of the 
filler powde1· in the paste. When the filler weight percent is low, for example, 30% in 

weight, a solvent drying process. for 

• 
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example, IOO ac, I hour, is required to adjust the viscosity of the paste 1.tcfore dispensing 

the paste on to a desired foot print. 

In order to characterize the electrical and mechanical proptrtic:s, joined samples 

made of the tin-plated copper-filled conductive paste are manufactured by laminating 

two "L-shaped" copper coupons- The lamination is performed at a temperature slightly 

above the melting pofnt of Sn, for example, 250 °C, at a pressure of 25 psi. In older to 
compare the condu.ctivity values, other joined samples are also fabricated under the 

similar process by using commercial Ag-epoxy and Sn/Pb eutectic solder paste materiaJ:s. 

, The joined samples made of the paste according to the present invention sho~ed the 

lowest electrical resistance value; f':'r example, 2.6xlO~!i.ohm for Sn-plaled Cu paste, 

4.7xlO-S ohm for Sn/Pb solder paste, and 7.3xJO·S ohm for Ag-cpox;9 for a col)tact_area 

of about 0.050 inch· by 0.050_ inch. The.resistance of the paste according to the prc.c;ent 

i~vention, is even lower than t~at of the 'Sn/Pb solder paste. This can be attributed to 

the difference in the bulk conductiYities of copper versus Sn/Pb solder. 
I . I ' _ 

Measurem<;nts of the joinl slrength has also demonstrated that the joittl made using 

the paste according lo the pre..c;ent invention has a higher joinl strength than that made 

of the Ag-epoxy pas.le. 

' 
The ECP made of Sn-plated Cu powder and polyimide·siloxanc resin is a good 

candidate ror the high lcmpcraLUre solder joints such as C4 and solder bait connection 

(SBC) to a ceramic substrate. However, fclr the polymeric printed circuit board 

applications, this ECP is not adcqutitc, bccaui;c lhc rcnow tcmrcraturc such a.s 250 °C 

is much higher than lhc glass tran~ition tempera lure ()f the pulymcric resin, for example, 

FR-4. A candidalc for this purpose is an .~CP made or Indium-plated Cu powder 

formulated wilh polyimidc-siloxanc resin_ The rcnow tcmpcrnturc of the Indium-plated 
... 

Cu powder paste is about 180 °C, which i!' even lo\Vcr than the rcOow lcmperature of 

the Pb/Sn.eutectic ~older, 215 °C. Referring to FIG. 4, the paste is disposed between 

' 
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surface 40 and 42 and heated to the rcflow temperature, which causes the conductive 

coating 34 of a particle 32 to fuse to lhe conductive coating 34 of an adiaccnt particle 

to form a bond 44. thercbetween. Additionally, metallurgical bonds 46 are also flormed 

between the contact surfaces 42 and the particles adjacent to these surfaces. 

In light of the environmental issues, alternative polymer resins made from 

renewable or bio-based systems such as functionaU:z:ed lignin, cellulose and wood or crop 

oils can be also used. These resins are biodegradable or made from non-fossil fuel 

resources and allow ease of recycling when the electronic assemblies are dismantled at 

the end of their useful life. 

FIG. 5 depicts schematically an IC package attached to a PCB 50 by using a 

conductive paste according to the pre.t;cnt invention. The conductive paste is screen 

printed on to each copper bond pad 52 on a PCB as practiced with the conventional . . 
solder paste. Pad 52 typically has a Sn coating: 54. The paste 56 is disp:oSed between Sn 

58 coated lead frame 60 which ctcctrically intetconncct'i SMT plastic p~ckage 62 to PCB . . . 
50. The fine-pitch SM.T assembly typically uses a pad spacing of about 0.02.5" or less. 

Therefore, the particle size of Ll~e tin-coated powder should be in the range of 5 to 10" 

µm. The joining operation is com hincd with the polymer curing process al the 

teml'eraturc between 120 and 1.50 °C. Thi~ low temperature process would introduce a 

much Jes." arnounl of thermal di5Lortion l<> the PCB compared t<> the solde?ring proce..~s. 

fn addition, the joining process is free of external nuxcs and no flux cleaning step is 

required. 

FIG. 6 depicts an IC chip 60 allachcd to a high-dcn~ily circuit canl 52 !'UCh as 

surrace laminalcd circuits (SLC), where the conductive pa$tc material 64, according to ., 

the present invention, is dispensed in a two-dimensional array matching the fm>lprinl 

of.Jhc chip pads 66. The joining metallurgy on the chip side is preferably Cr/Cu/Au. 

and Au~lo-So bond is ~xpectcd to form at this inlerfacc. Since polyimide siloxanc iS-.a 

~-------·· 

---·---·--
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thermoplastic copolymer. this joint can be reworked by heating tp about 200 11 C in the 

presence of NMP as a solvet1L In case of direct chip attachment using C4 solder burnps, 

an encapsulation proc~s is employed to obtain a desired thermal fatigue resistance of 

the solder joints. In the present application, the polymer matrix serves as a flexible 

phase that allows accommodation of the thermal mismatch strains between the substrate 

and the components. Additionally, one can encapsulate the spaces between the pastf 

pads with a second polymer to fUrther enhance the thermal fatigue resistance if desired. 

FIG. 7 shows an application for wafer-scale burn·in of C4 chips. The conductive 

p,aste material 70 is dispensed on a niultilay~r ceramic substrate 72 whose pad footprint 

74 is matched with the silicon wafer pad footprint 76 on which are disposed ·c4 solder 

mounds 78 to be te.liled and burnt-In. The MLC.sub..litrate provides interconnects . , 
required to power toe.chips up during burn-jn and the external I/0 through a pin grid 

: array 80: The conductive paste on the substrate is cured and the Sn-coaled particles are 

, bonded tog.ether with Lhe C4 's on the wafers before the burn-in step. The burn-in 

operation is performed typically at 150 C, 6 hr. After burn-in, the substrate is separated 

from the wafer, and can be used again by etching away any re.c;idual solder transferred 

from the C4 bumps during the test, <>r by dissolving the pads in NMP and re-screening 

lhc paste tC1 ror111 nc\\' pads. The chip C4 pa.ds themselves would not have changed shape 

or composition due to the limited metallurgical contact area and pressure between the 

paste and the .'\older. Thus one should be able to clean the good chips in a suitable 

solvent (such a~ NMP} and assemble them on subsLratc~ as (ltT normal process without 

any problems or added reflow steps. 

Examples of new t:l~clrically conductive paste matcrial.s according to the prcs~ri6 

invcnlion to be used for the applicalinn:; ofsurfacc mount package assembly to a prinlcd 

circuit board, tlirecl chip attachment lo et fine-pitch card, and wafer-scale burn~in of flip 
... 

chips, in several type~ or fotmulatit.111•1 arc as iollow5: 

-------·~------···· --·-··· 
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- copper powder coated with 2 thin lay~; oi low mdting point, non·loxic metals, 

such as Sn, In, Di, Sb, and their alloys, mixed with an environmentally-safe nuxing 

agent, such as no-clean or water-soluble Oux. 

- tin·coated copper powder, mixed with polyimide siloxane, NM~ solvent, and 

butyric acid and ethylene glycol or no-clean flux. 

t 

- tin-coated copper powder, mixed with renewabl~ or bio-based polymer resin, 

suitable solvent, and butyric acid and ethylene glycol or no·clean flux. 

• 

- indium-co.nt~d copper powder, mixed with polyimidc siloxane, NMP solvent, 
• • • 

and butyric acid and ethylene glycol or no-clean flux. 

- indium-coated copper powder, mixed with renewable or bio-based polymer 

resin, suitable solvent, and butyric acid and ethylene glycol or no-clean flux. 

- an optimized formulation for the surface mount application, comprising 

indium-coated copper powder cf 30 to 90 % in weight, polyimide siloxanc, NMP 
• I 

solventt and bulyric acid and ethylene glycol or no-clean nux. 

- an optimized rormulatio11 for the direct chip attach application. comprising 

indium-coated copper powder· of 30 lo 90 % in weight; polyimide siloxane, NMP 

solvent, and butyric acid and ethylene glycol or no-clean nux. 

- an optimized formulation for the burn-in application,. co1nprising tin-coaled 

copper powder o( 30 to 90 % in wcighl, polyimidc siloxanc, NMP solvcnl, and 
. ' 

butyric acid and ethylene glycol or no-clean nux. 

The conductive pastes according lo the prcscnl invention can be u~cd as conducting 

lines, ground planes, and via fill:\ in lhc conventional printed circuit boards by replacing 

ciLhcr lite ;:iddilivc or subLraclivc Cu lcchnology. This will facilitate the elimination of 

pr:occs~ steps and chemical~ Lhus reducing cost and the environmental impact :issC'lciatccJ 

with printe:d circuit board manufacluring. 

• 
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While the present. invention has been described with respect to preferred 

embodiments, numerous modifications, changes, and ·improvements Will OCCJJr to these 

skilled in the art without departing from the spirit and scope of the invention. 

' .. 

• 
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CLAIMS: 

1 A structure for forming eleccroconductive connections between 

electroconductive materials, comprising: 

a plurality of particles embedded within a cured polymeric material; 

each of said plurality of particles having an electrically conductive coating, at 

least some of said particles being fused to other said particles through said electrically 

conductive coating. 

2. A structure for forming electroconductive connections between 

electroconductive materials, comprising:. 

a plurality of particles disposed in a polymeric material, said polymeric 

material being select.ed from the group consisting of polyimide, siloxane, polyimide 

siloxane, and bio-based polymeric resins derived from lignin, cellulose, wood oil and 

crop oil; 
each of said plurality of particles having an electrically conductive coating~•at 

least some of said particles being fused to other said particles through said electrically 

conductive coating. 

3. A strocture for fanning electroconductive connections between 

electroconductive materials, comprising; 

a plurality of particles embedded within a polymeric material, said polymeric 

material being an uncured thermoplastic adhesive; 

each of said plurality of particles having an electrically conductive coating, at 

least some of said particles being fused to other said particles through said electrically 

conductive coating. 
4. A strucru.re for forming electroconductive collllection.S between 

electroconductive materials, comprising: 
a plurality of particles embedded within a polymeric material, said polymeric 

material being a cured thermoplastic adhesive; 

each of said plurality of particles having an electrically· conductive coating. at 

least some of said· particles being fused to orher said particles through said electrically 
.. . . 
conductive coating. 

5. A structure for forming electroconducrive connections between 

elecrroconductive materials. comprising: 

a polymeric material embedded. between a first and· a second surfaces; and 

a plurality of parUcles disposed in said polymeric material; 

each of said plurality of particles having an electrically conductive coating, at 

lease some of said particles being fused to other said parricles through said electrically 

conductive coating; and 

This Sheet Has Been Replaced 
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wherein said polymeric material provides incerconnection between said first 
and said second surfaces and provides adhesive joining of said first a11Cl said second 
surfaces. 

6. A structure for forming electroconductive connections between 
electroconductive materials, comprising: 

a polym<~ric material embedded between a first electrically conductive and a 
second electrically conductive surfaces; and 

a plurality of particles disposed in said polymeric mat.erial; 
each of said plurality of particles having an electrically conductive coating, at 

• 

least some of said" particles being fused to other said particles through said electric8Hy • 
conductive coating; and 

wherein said polymeric material provides interconnection between said first 
and said second surfaces, wherein said first electrically conductive surface is a first 
electronic device cont.act location and· wherein-said second electrically conductive 
surface is a second electronic device contact location. 

7. A structure according to claim 6, wherein said first electronic device 
is a semiconductor chip and said second electronic device is a packagmg substrate. 

8. A structure for fonning electroaonductive connections between 
electroconductive materials, having a first and a second electrically conductive surfaces 
comprising: 

a plurality of particles embedded in a polymeric mat.erial and provided between 
said first and said second electrically conductive surfaces; 

each of said pluraUty of particles having an electrically conductive coating, at 
least some of said particles being fused to other said particles through said electrically 
conductive coating; ' 

t 
, wherein said electrically conductive coating has a melting temperature less than 

that of said particle, and wherein one of said first and said second electrically 
conductive surfaces is a solder surface. 

9. A method comprising the steps of: 
providing a paste of particles, each particle having an electrically conductive 

coating thereon, embedded within a polymeric macerial, said coating being selected 
from the group consisting of Sn, Zn, In, Bi, and Sb; 

disposing said paste between a first and a second electrically conductive 
surfaces; 

heating said pasrc to a first temperature sufficient to fuse said coating on 
adjacent particles to form a network of interconnected particles with spaces 
therebetwccn; and --------- - --

iiiii~r 
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heating said paste r.o a second temperature sufficient ro cure said polymer in said spaces. 

10. A method according to claim 9, whe..rein said particles are formed fTom the group 

consisting of Cu. Ni. Au. Ag, Al, Pd, and Pt. 

11. A method for ·forming electroconductive connections between electroconduotive 

materials, comprising the steps of: 

providing a paste of particles, each particle having an electrically conductive 

coating thereon, embedded within a polymeric material, said polymeric material being 

select.eel from the group consisting of polyimide, siloxanc, polyimide siloxane, and bio­

based polymeric resins derived from lignin, cellulose, wood oil and crop oil; 

disposing said paste between a first and a second electtica.lly conductive surfaces; 

heating said paste to a first temperature sufficient to fuse said coating on adjacent 

particles to form a network of interconnected particles with spaces therebetween; and 

heating said J>aste to a second temperature sufficient to cure said polymer in said 

spaces. 

12. A structure fpr, forming electroconductive connections between electrocondu~tive 

' members, comprising: 

particles of copper, each particle having a coating selected from the group 

consisting of Sn and. In: 

at ltat some of said particles .being fused to other said particles through said 

coating and embedded within a thermoplastic polymer precursor and a solvent. 

13. A structure according to claim 12, wherein said particles are from about 30% to 

about 90 % by weight of said structure. 

14. A method according to claim 9, further including pressing said first surface 

towards said second surface. 

15. A method for forming electroconductive connections between electroconductive 

materials, comprising the steps of: 

providing a paste of particles, each particle having an electrically condul;#ve 

coating thereon, embedded within a polymeric material; 
------····--······---·----- ·-- ····--·----·· -
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disposing said paste between a first and a second electrically conductive surfaces; 

heating said t>aste ro a first temperature sufficient to fuse said coating on adjacent 

panicles to form a network of interconnected particles with spaces therebetween: and 

heating said paste to a second temperature sufficient to cure said ·polymer in said 

spaces; and 

wherein said first temperature and said second temperature are from about ISO 

degrees C to about 250 degrees C. 

' 

' 
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• 


