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1 ELECTRF CALLY CONDUETI VE PASTE MATERI ALS AND APPLI CATI ONS FIEEB?EEngszj
| NVENTI ON The present invention relates to novel interconnection nmaterials
for formi ng el ectroconductive connections between el ectroconductive
menbers, and to the nethod for producing such el ectroconducti ve
connections. In addition, this invention addresses environnmental | y-safe
mat eri als and processes, which can be an alternative to | ead
(Pb)-containing sol der connection technol ogy. BACKGROUND Most el ectri cal
conductors used in electronic devices are made of netals, such as copper,
al um num gold, silver, lead/tin (solder) nDbedenun1and ot hers. Sol der
connection technol ogy using Iead/tln aIons pl ays a key role |n vari ous

| evel s of electronic packa |ng
: ELECTRICALLY UCTIVE PASTE MATER!ALS AND APPL[CATIONS .

'FIELD OF THE INVENTION

The present invention rel-a'ites to novel inte_rconnection materials for forming
electroconductive connections between electroconductive members, and to the method
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 {echnoiogy.

BACKGROUND

. Most electrical conductors used in electronic devices are made of metals, such as c'opper,
aluminum, gold, silver, lead/tin (solder), molybdenum and others. Solder connection
technology using lcad/tiﬁ alloys plays a key'role in various levels of elc'ctronic'packaging,-
such as flip-chip connection (or C4), solder-ball connection in ball—grid-arrays (BGA),
IC package assembly to a printed circuit b,claard (PCB). Solder joints produced in the

. electronic packages serve critically as clectrical interconnections as well as
mechanical/physical connections. When cither of thesc functions fails, the solder joint
is considered to have failed, which can often threaten a shut-down of thc whole

electronic system.

Flip-chip connection is a most effective chip interconnection method currently used
for high performance packaging applications, such as multichip modules, where lead

(Pb)-rich solder bumps connect high performance chips dircctly to a ceramic substrate.
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Solder-ball connection in ball-grid array (BGA) packages is an extension of the
flip-chip connection method , where either singic-chip or multichip modules are

connected to a polymeric PCB by using a grid array of large solder balls. The solder



such as ¥lip-chip connection (or C4), solder-ball connection in

ball -grid-arrays (BGA), |IC package assenbly to a printed circuit board
(PCB). Solder joints produced in the electronic packages serve critically
as electrical interconnections as well as mechanical /physical connecti ons.
When either of these functions fails, the solder joint is considered to
have fail ed, which can often threaten a shut-down of the whole electronic
system Flip-chip connection is a nost effective chip interconnection

met hod currently used for high performance packagi ng applications, such as
mul tichi p nodul es,. where | ead (Pb)-chh sol der bunmps connect high
performance. chips directly to a ceramc substrate. Solder-ball connection
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The sol der
to the PCB substrate using lower melting point Pb-Sn eutechic solder.

" When microelectronic packages are assembled to a printed cit"cﬁit board, the
.lead-tiq eutccﬁc solder, 63%Sn-37%Pb, having the lowest melting point (183 °C) among
Pb-Sn alloys, is moét widely used. In these appligations, there are two solder connection
tgchnblogies employed for mass production: plated-through-hole (PTH) and surface
mount technology (SMT) soldering. The basic difference between the two technologies

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

in PTH soldering, solder joints are made by utilizing the plated-tt;rough-holes on
a PCB. For example, in wave soldering, moltén solder is directly applied to the area of
the PTH and is further draWn in by a capillary force to ﬁll the gap between the 1/O pin
and the wall of the plated-through hole.

In SMT soldering, microelectronic packages are directly attached to the surface of
a PCB. A major advantage of SMT is high packaging deusity, which is realized by
eliminating most PTH's in the PCB as well as .by utilizing both §urfaces of the ?CB to
-accommodate components. In addition, SMT packages have a finer lead pitch and. a
smaller package sizc compared Lo traditional PTH packages. ‘Hence, SMT has .
contributed significantly in reducing the sizc of electron.ic packages and thercby the

volume of the overall system.

In SMT soldering, solder paste is applicd-to a PCB by screen printiﬁg. Solder paste
consists of fine solder powder, flux, and organic vehicles. During the refllow process,
solder particles are melted, flux is activaled’, solvent materials are evaporated, and
simultaneously molten solder coalesces and is eventually solidificd. In contrast, in the
wave soldering prc;cess, a PCB is first fluxed and components are mounted on it. Then

it is moved over a wave of molten solder. The soldering proccess is usually completed



2 balls Xurrently in use have the conposition of a high tin content, such
as Pb-10%®n or Pb-20%Bn, in order to act as a non-nelting stand-off when
t hese nodul es are attached to the PCB substrate using | ower nelting point
Pb- Sn eut echic sol der. When m croel ectroni c packages are assenbled to a
printed circuit board, the |lead-tin eutectic solder, 63%n-37%"b, having
the lowest nelting point (183 [err]) anong Pb-Sn alloys, is nost wdely
used. In these applications, there are two sol der connection technol ogi es
enpl oyed for mass production: plated-through-hole (PTH) and surface nount
technol ogy (SMI) soldering. The basic gifference between the two.

t echnol ogi es : )

by subjecting the solder joints to a cleaning step to remove residual flux materials. Due
to environmental concerns, CFCs and other harmful cleaning agents are being

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

Recent advances in microelectronic devices demand a very fine pitch connection
between electronic packages and a pri'ntcd circuit board (on the order of a few hundred
micrometer pitch). The current solder paste technology used in SMT can not handlecthis
vex;y finé pitch interconnection due to the soldering defects such as bridging or solder
-balling. Another technical limitation of using the Pb-Sn eutectic solder is its high reflow
temperature, approximately 215 °C.- This temperature is alrcady h.igher than the g_lass
transition temperature of the epoxy resin used in most' polymeric pﬁnted circuit board
materials. Thermal cxposure at this reflow temperature produces significant thermal
strains in a printed circuit board after soldering, especially in the direction perpendicular
to the surface of a PCB, where no structural reinforcement is present. Thereby, the
re-sidual thermal strains in an assembicd PCB would adversely affect the reliability of

an electronic system.

A more serious concern regarding the usage of Icad (Pb)-containing solders is an
environmerital issue, which we have experienced alrcady in other industries by

climinating lead from gasoline, paints, and houschold plumbing solders.

-In the electronic industry, two different groups of materials are being investigated
currently for the possibilily of replaciﬁg thc Pb-containing solder materials; Pb-free
solder alloys, and electrically conductive pastes (ECP). The present invention discusses
the development and applications of the clectrically conductive paste materials. An
electrically conductive paste (or adhesive) i;s'madc of clectrically conducting filler
particles loaded in the matriic of a polymer matcerial. Silver-particle filled cpoxy 2-is the
most common example of the.electrically conductive pastes, schematically shown in

FIG. 1. The silver particles 4, usually in the shapc of flakes, provide electrical



originat®s fromthe difference in the PCB design and its interconnection
schene. In PTH soldering, solder joints are made by utilizing the

pl at ed-t hrough-hol es on a PCB. Faqr_exanple, in wave sol dering, nolten
solder is directly applied to the Ra Of —tre= dis further drawmn in
by a capillary force to fill the gg’ﬁ ) r] pin and the wall of

t he pl at ed- {The Replaceds\ T ks q troni ¢ packages are
directly attaﬁmﬁfﬂiﬂ ﬁrfaoe of a PCB—ATarorladvant age of SMI is high
packagi ng den , realized by elimnating nost PTH s in the PCB

as well as by utilizing both surfaces of the PCB to accommpdat e conponents.
I'n addition, SMI' packages have a finer 1ead pitch and a smaller package
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vol une of t bewewetirlcbmpyehsB and a substrate 10. This silver-filled epoxy material has been

long used in the electronic applications as a die-bonc{ing material, where ifs good
thermal conduction rather than electrical conduction property is utilized. However, this’
material has not been accepted for the applications requiring high electroconduction and
fine pitch connc&tion. The silver-filled epoxy material has several limitations, such as
low electrical conductivity, increase in contact resistance during thermal exposure, lm;v
ioint 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” condué_ﬁve adhesive or film 12, shown 'schematical.ly 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
corﬁpressed between two conducting pads [4 and 16 as shown in FIG. 2B. This process
normally rcquires heat and pressure. The major application of the anisotropic
conductive film is fbr joining of a liquid crystal display' ﬁancl to its electronic printed

_circuit board. The conducling particles arc usually deformable, such as solder balls, or
plastic balls coated with nickel and gold. The binder or adhcesive material is mostly a

thermosetling resin.

OBJECTS

It is an object of the present invention Lo p}oyidc an elccirically conduclivc paste

3
material which is environmentally safe and low cost.



I'n"SMI sol deri ng, solder pasteis applied to a PCB by screen printing.
Sol der paste consists of fine solder powder, flux, and organi ¢ vehicles.
During the reflow process, solder particles are mel t ed,  f rhixSHe& HacBdew Bedaded

sol vent materials are evaporate f&wy mol t e
coal esces and is eventually sol j iTHIedHeEENHR8HEEERSY, in th
process, a PCB is first fluxed apd comepnagep are fjounted on it.
moved over a wave of nolten sol der Jrocess i s usuall y
conpl et ed 3 by subjecting the soI der joints to a cleaning step to renove
residual flux materials. Due to environgental concerns, CFCs and ot her -
harnful cl eaning agents are being
It is an object of the present invention to provide an electncally conductive paste

material which produces a higher electncal_ conductivity than the conventional

silver-filled epoxy does.

It is another object of the present invention to provide an electrically conductive
paste material which produces a higher joint strength than the conventional silver-filled
epoxy does. - .

1t is another object of the present invention to provide an electrically conductive
paste material which prdduces a more reliable joint than the conventional silver-filled
epbxy does, specifically, in terms of silver migration under an applicétion of

temperaturefhumidity/voltage.

SUMMARY

A, broad aspect of the present invention is an electrically conductive material formed
from a p!ura]nty ol particles, each havmg an electrically conductive coating whlch is !

fused to an electncally conductive coating on an adjacent particle to form a network of

fused particles.

Another broad aspect of the present invention is a paste containing particles having

a coating of an electrically conductive material and a polymer material.

Another broad aspect of the present invention is a method of forming an electrically
conductive joi:nt between two surfaces by forming a paste of par(iclcs having an .
electrically conductive coating and a polymeric material whercin the paste is disposed
between two surfaces to be adhesively and clectrically joincd. Heat is prbvidcd to fusc
the eleclﬁcally conductive particles to themselves, to metallurgically bond them to the

contact pads and to cure the polymecric material.



el ifi nated and replaced by either water-soluble or no-clean flux materials.
Recent advances in mcroel ectronic devices denmand a very fine pitch
connection between el ectronic packages and a printed circuit board (on the
order of a few hundred m croneter. pitch). The current sol der paste

technol ogy used in SMI can not handle this very fine pitch interconnection
due to the soldering defects such as bridging or solder balling. Another
technical limtation of using the Pb-Sn eutectic solder is its high reflow
tenperature, approximately 215 [err]. This tenperature is already higher
than the glass transition tenperature of* the epoxy resin used in nost

polyneric printe posure at this refl ow
t enperature prggig?s%m%)atﬂt)gfﬁ#rﬁ&tﬂﬁﬁwg printed circuit board
after soldering, especially in the direction perpendicular to the surface
of a PCB, wherrurtier 6bjedss; features 4 atfvanimgariithd prenemesition Wik bebme aphaent

residual thermal strains in an assenbled PCB woul d adversel af f ect
reliability offroma consideration of the following detailed description of the i mven on when rea

conjunction with the drawing Figures 1-7 in which:

FIG. 1 is a schematic illustration of an elcctrically conductive paste comprising silver
flake particles as a filler in the matrix of epoxy resin. - The conductive paste is classified
as isotropic in electroconduction. (prior art) |

FIG. 2A is a schematic illustration of an electrically conductive adhesive which becomes
electrically_conducti\}e only in the one direction when the adhesive film is compressed
between two contact or bond pads as shown in FIG. 2B. The conductive.adh,esiye (or
film) is classified as anisotropic. (prior arf) '

FIG. 3 is a schematic drawing of a paste according to the present invention.

FIG. 4 is a schematic illustration of an clectrically conductive paste material according
to the present invention, comprising particles filled in the matrix of thermoplastic
polymer resm The particles are coated with low melting po'mt non-toxic metals Wthh
twere fused to achlcve_ melallurgical bonding between adjacent particles, and between the
particles and the contact surfaces that are joined using the pastc. |
FIG.5isa schematic cross-scctional illustration rcpresenting a surface mount integrated
circuit package connéctcd to a circuit board by an clectrically conductive paste
according to the invention.

FIG. 6 is a schematic cross-sectional illustration representing an integrated circu'i_l chip
directly attached to a high density printed circuit board by using the electrically
éonductive paste according to the present invention. |

FIG. 7 is a schematic illustration of a mul(ilayer ceramic substrate with the conducth}c

, . paste structure matching to the C4 bump structure on a silicon wafer. The multilayer

ceramic substrate serves as a vehicle for wafer-scale burn-in and chip testing.



an el ectfonic system A nore serious concern regarding the usage of |ead
(Pb)-containing solders is an environnental issue, which we have
experienced already in other industries by elimnating |lead from gas
pai nts, and househol d plunbing solders. In the electronic industry,
different groups of materials are being investigated currently for the

possibility of replacing the Pb-containing solder materials; Pb-free sol der

all oys, and electrically conductive pastes (ECP). The present invent

di scusses the devel opnent and applications of the electrically conductive

paste materials. An electrically confluctive paste (or adhesive) is nade of

el ectri cal
mat eri al .
el ectrij cal

ol i ne,

t wo

i on

g%lconductin filler particles loaded in the matrix of a pol ymer

ETFAIRED DESERIPIIQ@Noxy 2 is the most common exanpl e

| y conduct’ive pastes, schenmatically shown in FIG 1. The s

particles 4ip gRYsichidrRnbBEinhE MR dicicsd 2KES eleFiEMiyIBndlcBod pdstetthaterial

consisting of tin-coated copper powder, polyimide-siloxane, solvent {N-methyl
pyrrolidione or NMP), carboxylic acidfsurfactant. A joining operation can be
performed near the melting point of Sn, 230 °C, where a metallurgical bonding of
Sn-to-Sn or Sn-to-Au is accomplished at th;a particle-to-particle as well as .
particlc—to-substrate' pad interfaces. The joining process can be either solid-state or
liquid-solid reaction. The polymer curing process caﬁ be combined with the joining
process depending on the paste formulation. Because of the metallurgical bonding, a

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

than with those of the silver-epoxy material. The metalli}rgical bonds also provide stable

electrical conductivity of the new joinls upon thermal exposure and cycling. It is also

expected to have a highef joint strength from the combined effect of the metallurgicai
and adhesive bonds. Depending on the applicaiions, the particlé size of tin-coated
powder, composition of the polymer ma{rix and volume fraction of the filler material can
be adjusted. Since the present conductive paste is primarily based on the mctallurgical
bonds, the critical volume fraction of the filler material required to achieve acceptable

conductivity levels is much less than the conventional Ag-epoxy paste.

In another cmbodimcnt, we propose the use of polymer resins prepared {rom
rencwable resources or bio-based materials after approy;riat.e functionalization to
achieve the desirablé thermal and rheological properties, see for example, the final report
on NSF Grant # BCS 85-12636 by W.G. Glasser and T.C. Ward. Lignin (by product
from papér manuracturc), cellulose, wood or crop 6ils are polential candidates for this
purpose. Usc. of these materials is environ”menta”y preferable because they are derived
from natural and rcnewable resources and can be disposcd of more readily at the end

of the useful life of the electronic assembly. This is particularly attractive because the

or the
ilver



4 conducti on by percol ation nechaﬁ+3ﬁ+—ﬁbLLe_Lheﬁepoxy matrix 6 provides
adhesive bond between the conponef §ned @i gsybsirate 10. This

silver-filled epoxy material has Th:the el ectronic
applications as a di e-bondi ng mat g 's good thernmal conduction

rather than el ectrical conduction ilized. Ho oHEEf
mat eri al has not been accepted for thée applications requiri é%ﬁ$ %§3A2235EEN

el ectroconduction and fine pitch connection. The silver-fil

material has several limtations, such as |ow electrical conductivity,
i ncrease in contact resistance during thernmal exposure, |ow joint strength,
silver mgration, difficulty in rework, and others. Since this
silver-filled ; _

use of the Cu-Sn powder eliminates the use of lead (Pb) containing solders and the

resulting paste formulation is non-toxic and easy to dispose.

- F IG. 3 illustrates new electrically conductive paste (ECP) materials 30, aécorcfing
to the preseni invention, comprising particles 32 having an electrically conducting
coating 34, as condﬁcting filler materials, and a polymer matrix 36. The particles 32 are
preferably Cu particles. The coating 34 is preferably tin, indium, and bismuth antim%ny
or combinations thereof. The polymér matrix is preferably a thermop'lastic, most
preferably a polyimide siloxane. fhe invention will be described below in terms of the

preferred embodiment, but it is not limited thereto.

The first step of tin-pléting on -cor.)per powder is cleaning of fine copper pbwder in

a dilute sulf;uric acid. The copper powder used is sphcrical in shape, having a size

. distribution of 2 to 8 um in diameter, which was obtained from Degussa Corporation,
South Plainfield, NJ. :Tin plating is perlformed 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 gm on 5-7 um (;u powder. After rinsing, the
tin-plated copper powder is_immediatcly' mixed with a no-clean flux, FLUX305, from
Qualitek International, Inc., Addison, IL." This prevents tin-plated copper powder {rom
oxidation ﬁntij it is processed into a conduclive péste. The tin-plated copper powder is

. formulated into a conducting péste by mixing with polyimide siloxane, NMP solvent,
butyric acid and cthylene glycol. The rclative amount of filler powdcr over the polymer
matrix is varied from 30 to 90 % in wcight, depending on the applications. In gencral,
for the isotropic conduction, a high filler weight percent is required, while a low filler
weight [;erccnt_ is required for the anisotropic applications. To insure uniform dispersion
of the ingredients, the mixture is processed in a three-roll shear mill. The viscosity is also
_co,ntrolled by adjusting the volume fraction of the filler powdcr in the paste. When the

filler weight percent is low, for example, 30 % in wcight, a solvent drying process, for
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epoxy mat'erial is electrically conductive in all the directions, it is
classified as "isotropic" in electro-conduction. There is another class of
el ectrically conductive adhesive (or film, which provides
el ectroconduction only in one direction. This class of the materials is
call ed as "ani sotropic" conductive adhesive or film12, shown schematically
in FIG 2, contains electrically conductive particles 18 within a polyneric
adhesive material 20. The ani sotropic conductive adhesive or film 12,
becomes conductive only when it is conpressed between two conducting pads
14 and 16 as shown-in FIG 2B. This prgcess normal Iy requires heat and
pressure. The major application of the’ani-sotropic conductive filmis for
j 0i ni ng of Liqu tal .di I | L. ' N d circuit
board. The Samatiol 0u5 Y 3o 1Rt BRG o Arcopel UEFERRC R AL " C
bal I's, or pihapasite ohdd 4 desredfwtpriht.h ni ckel and gol d. The bi nder or adhesive
material is nostly a thernosetting o

- In order to characterize the electrical and mechanical properties, 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 point of Sn, for example, 250 °C, at a pressure of 25 psi. In order to
compare the conductivity values, other jqined samples are also fabricated under the
similar process by using commercial Ag-epoxy and Sn/Pb eutectic solder paste mater.ials.
_ The joined samples made of the paste according to the present invention showed the
lowest electrical resistance {;alue; fpr example, 2.6x10:5.0hm for Sn;plated Cu paste,
4.7x10-5 ohm for Sn/Pb solder paste, and 7.3x10-5 ohm for Ag-cpoxy for a contact area
of about 0.050 inch by 0.050 inch. The resistance of the pastc according to the present
iqvention, is even lower than that of tﬁe'Sn/Pb solder paste. Th_is can be atiributed to

the difference in the bulk conductivities of copper versus Sn/Pb solder.

Measurements of the joint strength has also demonstrated that the joint made using
the paste acéording to the present invention has a higher joint strength than that made

of the Ag-epoxy pasic.

The ECP made of Sn-plated Cu powder and polyimide-siloxane rcsin is a good
candidate for the high temperature solder joints such as C4 and solder ball connection
(SBC) to a ceramic substrate. However, for the polymeric printed circuit board
applications, this ECP is not adcquate, because the reflow temperature such as 250 °C
is much higher than the glass transition temperature of the polymeric resin, for example,
FR-4. A candidatc for this purpose is an ECP made of Indium-plated Cu powder

. formulated with polyimidc-siloxane resin. The reflow temperature of the Indium-plated

Cu powder paste is about 180 °C, which is cven lower than the reflow temperature of

the Pb/Sn_eutectic sdlder, 215 °C. Referring to FIG. 4, the pastc is disposed betwecn
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resin. SUMMARY OF THE INVENTION It is an object of the present invention to
anel i orate one or nore disadvantages of the prior art. According to one
aspect of the present invention there is provided a nethod for formng

el ect roconducti ve connections between el ectroconductive materials,
conprising the steps of: providing a paste of particles, each particle
having an electrically conductive coating thereon, enbedded within a
polymeric material; disposing said paste 5

10

surface 40 and 42 and heated to the reflow temperature, which cai:_ses the conductive
coating 34 of a particle 32 to fuse to the conductive coating 34 of an adjacent particle
to form a bond 44 therebetween. Additionally, metallurgical bonds 46 are also formed

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

In ligﬁt of the environmental issues, alternative polymer resins made from
renewable or bio-based systems such as functionalized lignin, cellulose and wood or erop
oiis 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 1C package attached to a PCB 50.by using a
conductive paste according to the present 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 disposed between Sn
.58 coated lead frame 60 which electrically interconnects SMT plastic package 62l to PCB
50. The fine-pitch SMT assembly typically uscs a pad spacing of about 0.025” or less.
Therefore, the particle size of the tin-coated powder should be in the range of 5 to 10
um. The joining opcration is combincd with the polymer curing process at thé _
temperature between 120 and 150 °C. This low temperature pracess would introduce a
much less amount of thermal dislortion to the PCB comparec_l to the soldering process.
In addition, the joining process is frec of external fluxes and no flux cleaning step is
required.

FIG. 6 depicts an IC chip 60 attached to a high-densily circuit card 52 such as
surface l-aminated circuits (SLC), where thgg conductive pasic matcrial 64, according to
the present invention, is dispensed in a two-dimensional arfay matching the footprint
of the chip pads 66. The joining metallurgy on the chip side is prefcrabiy CrfCu/Au,

and Au-to-Sn bond is expected to form at this interface. Since polyimide siloxane is a
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between-+a first and a second electrically conductive surfaces, said first
electrically conductive surface being a chip pad, and said second

el ectrically conductive surface being on a substrate; heating said paste to
a first tenperature sufficient to fuse said coating on adjacent particles
to forma network of interconnected particles with spaces therebetween;
heating said paste to a second tenperature sufficient to cure said pol yner
in said spaces; heating and applying electrical power to burn-in said chip;
and separating said chip fromsaid substrate, According to another aspect
of the present invention there is prottded a structure for formng

el ectroconducti ve connections between-el ectroconductive material s,

conpri si ngthetwgpbestic Eupolyeter,hhisijoigt @nHelrewbriked bp hequmgito abas 20@5Clin grr ti cl e
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bei ng fusegh ¢Ra@uBi€bn Pricéls RAdThpI6¥e@8S0 obtain a desired thermal fatigue resistance of

the solder joints. In the preseri_t application, the polymer m'afrix serves as a flexible

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

and the cofnponents’. Additionally, one can encapsulate the spaces between the pasts

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

FIG. 7 shows an application for wafer-scalc burn-in of C4 chips. The conductive
paste material 70 is dispen_sed on a multilayer ccramic substrate 72 whose pad footprint
74 is matched with the silicon wafer pad footprint 76 on which are disposed C4 solder
moun'ds 78 to be tested and burnt-in. The MLC substrate provides interconnects
required to power the chips up during burn-in and the external 1/O through a pin grid
array 80. The conductive paste on the substrate is cured and the Sn—coated particles are
bonded together with the C4’s on thc wafcrs before the burn-in siep. The burn-in
operation is performed typically at 150 -C, 6 hr. After burn-in, the substrate is scparated
from-the wafer, and can be used again by etching away any residual solder transferred
from the C4 bumps during the test, or by dissolving the pads in NMP and re-screcning
the paste to form new pads. The chip C4 pads u;emsclves would not have changed shape
or composition due to the limited metallurgical conta.ct arca and pressuré between the
paste and the solder. Thus one should be able (o clean the good chips in a suitable
solvent (such as NMP) and ass¢mble them on substratcs as per normal process without

any problems or added reflow steps.

Examples of new electrically conduclive pastc materials according to the present
invention to be used for the applications of surface mount package asscmbly 1o a printed
circuit board, direct chip attachment to a fine-pitch card, and wafer-scale burn-in of flip

chips, in several types of formulations are as follows:



t hrough Said coated material and enbedded in a polyneric material dna
provi ded between electrically conductive surfaces; NWP solvent, butylic
acid and ethylene glycol and said polyneric material selected fromthe
group consi sting of polyimde, siloxane, polyimde siloxane and a bi o-based
pol ymer resin; and wherein said copper powder is from about 30%to about
90% by wei ght of said structure, BRI EF DESCRI PTI ON OF THE DRAW NGS
Furt her objects, features and advantages of the present invention wll
becone apparent from a consideration of the follow ng detail ed description
of the invention when read in conjunction with the drawing Figures 1-7 in
whi ch: _ ' 12 '

- copper powder coated with a thin layer of low melting point, non-toxic metals,

such as Sn, In, Bi, Sb, and their alloys, mixed with an environmentally-safe fluxing

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

- tin-coated copper powder, mixed with polyimide siloxane, NMP solvent, and

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

- tin-coated copper powder, mixed with renewable or bio-based polymer ré‘sin,

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

- indium-coated copper powder, mixed with polyimide siloxane, NMP solvent, -

and tiutyric acid and ethylene giycol or no-clean flux.

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

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

- an optlimized formulation for the surface mount application, comprising
indium-coated copper powder of 30 10 90 % in weight, polyimide siloxane, NMP

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

- an optimized formulation 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 ethylcne glycol or no-clcan flux.

- an optimized formulation for the burn-in application, comprising tin-coated
copper powder of 30 to 90 % in weight, polyimide siloxanc, NMP snlvcnt,_ahd

butyric acid and ethylene glycol or no-clean flux.

The conductive pastes according to thc present invention can be used as cond_ucting_
lines, ground blancs, and via fills in the conventional printed circuit boards by replacing
cither the additivc or subiractive Cu téchnology. This will lacilitate the elimination of
process steps and chemicals thus reducing cost and the environmental impact éssociatcd

with printed circuit board manufacturing.



FIG | i*s a schematic illustration of an electrically conductive paste
conprising silver flake particles as a filler in the matrix of epoxy resin.
The conductive paste is classified as isotropic in electroconduction.
(prior art) FIG 2Ais a schematic illustration of an electrically
conducti ve adhesive which becones el ectrically conductive only in the one
direction when the adhesive filmis conpressed between two contact or bond
pads as shown in FIG 2B. The conductive adhesive (or film is classified
as anisotropic. (prior art) FIG 3 is a schematic drawi ng of a paste
according to the present invention. FIG 4 is a schematic illustration of
an electrically conductive paste material according to the present

i nvention, conprising particles fill®d in the matrix of thernoplastic

pol ymer resin, The particles are coated with | ow nelting point, non-toxic
netal s whi ch Woflethepseentipvegting Bysbesp dsicribedyvithrespeshin prgferet ween adj acent

particl es, erpiididdate VR Elerbiiemodifications, changes, and improvements will occur to those

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



parﬁicl es and the contact surfaces that are joined using the paste. FIG 5

IS a schematic cross-secti illustration representing a surface nount
integrated circuit package connect ed to a citrcuit board KHy-3

conductive paste according t o edFI G 6is a syﬁ%n‘%é A&ééﬁ@kk%
cross-sectional illustration I.ntegrated @ircu

directly attached to a high d C|rcuit board by usmg the

el ectrically conductive paste accordl ng to the present invention. FIG 7 is
a schematic illustration of a nmultilayer ceramc substrate with the

conductive paste structure matching to the C4 bunp strucu“ummummmnmg
wafer. The nmultilayer ceramic substrate serves as a veh | e

burn-in and chip testing. 14

"IN THE CLAIMS
~ We Claim:
I. A st;'ucture comprising:
a pluralfty of particles;
each of said plurality of particles has an electrically conductive coating; at least

some of said particles are fused to other said particles through said electrically

conductive coating.

2. A structure according to claim 1, wherein said plurality of particles are embedded
within a polymeric material.

3. A structure according to claim 1, wherein said structure is an electrical
interconnection means.

4. A structure according to claim 1, wherein said electrically conductive coating has a

melting temperature less than that*of said particle.

5. A structure according to claim 1, further including a first and a second surface
between which said structure is disposed to provide interconncction between said

first and sccond surfaces.
6. A structure according to claim 2, wherein said polymcric matcerial is cured.

7. A structure according to claim I, wherein said particles arc formed from a material

St_:lect'cd from the group consisting of Cu, Au, Ag, Al, Pd and PL.

8. A structurc according 1o claim 1, whercin said coating is selected from the group

'conéisting of Sn, Zn, In, Pb, Bi and Sb.



DETAI LED DESCRI PTION I n one particu .~ we disclose a new

el ectrically conductive paste of tin-coated copper
poucer  “polyi i de- st axane.. ol vAIRII] lﬁlillﬂllfl‘lldllfrol ai or
car boxyl i c acid/surfactant. A joiNirg Gperat#ont can be per JHIS HRER HASIREEN

mel ting poy ee as ¢flerr], where a netallurgical bon o ESRACEDSH
or Sn-to- hed at the particle-to-particle as well as
particle-t d interfaces. The joining process can be either

solid-state or |l iquid-solid reaction. The pol yner curing process can be
conbi ned wirth the joining process depahadi ng on the paste fornulation:
Because of the netallurgical bonding, a higher electrical .conductivity is

expected wig h at fichil %érdchls cBm i h@ &@Wseﬁ%m@ic%a@rkal iBMcilh flmt hOSEe of
the silver-epoxy materi al he met al urglca bonds al so provide stabl e _
the group consxstmg of polyimide, siloxane, polyimide siloxane, and bxo~based

" polymeric resins derived from lignin, cellulose, wood 011 and crop oil.

- 10. A structure according to claim 2, wherein said polymeric material is an uncured

'thermoplaStic adhesive.

I11.A Structure according to claim 1, wherein said polymeric material is a cured *
thermoplastic adhesive. . '

12. A structure according to claim 5, wherein said polymeric material provides adhesive

joining of said first and said second surfaces.

13. A structure according to claim 5, wherein said first electrically conductive surface is
a first electronic device contact location and wherein said second electrically

conductive.surface is a second electronic device contact location.

14. A structure according to claim 13, wherein said first electronic device is a

semiconductor chip and said second clectronic device is a packaging substrate.

15. A structure according to claim 4, wherein one of said_first and said sccond

electrically conducting surfaces is a solder surface.
16. A structure according to claim 1, wherein said structurc is an electronic device.
17. A structure according to claim 16, wherein said structure is a computing dcvice.

18. A structure comprising:

a network of interconnected particles having spaces thercbetween;
each of said particlcs has a coaling thercon of a fusiblc matcrial;

adjacent particles in said network &rc adhercd together through said fusible
& material.

19. A structure according to claim 18, whercin said spaces contain a polymeric material.



el ectrieal conducti vi ty of the new joints upon thermal exposure and
cycling. It is also expected to have a higher joint strength fromthe

conbi ned effect of the metallurgical and adhesive bonds. [ gdéml%Tq_r,l BEEN
applicati onsr_i—he—parﬁ—t-k—e—?rze of tin-coated powder, coijS| tlﬁ@p%g

pol ymer matr gl-ﬁ[s chepfate@ction of the filler materi al lean—he
Since the pr paste is primarily based onw
bonds, the cri Eﬂwmg‘ractlon of the filler material uired to

achi eve accep ity levels is nuch | ess than tuﬁ mmm"
Ag- epoxy paste. In anot her enbodi mentié wc propose the use

prepared fromrenewabl e resources or bio-based materials after approprl at’e

functi onal 3¢z At ;nBtfod Bordsritin8e siags gfesi rabl e t-hernmal and rheol ogi cal
properties, see for exanple, the final report on NSF Grant # BCS 85-12636

by WG d asser r@ﬂdmgacéast%f Particied Raving &Y eleftACHIG codduetivedbig fRRVA act ure) ,
cel | ul ose, dp or crop oils are potential candidates for this

embedded within a polymeric material; .

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

heating said paste to a first temperature sufficient to fuse sa.id coating on

adjacent partii:les to form a network of interconnected particles with spaces there

'Setw-éen;

heating ;aid paste {0 a second temperature sufficient to cure said polymer in said

spaces. '

21. A miethod according to claim 20, whercin said coating és selected from the group

consisting of Sn, Zn, In, Bi, Pb, and Sb.

22. A method according to claim 21, wherein said particles are formed from a material

sclected from the group consisting of Cu, Ni, Au, Ag, Al, Pd and Pi.

23. A method according to claim [, wherein said polymeric material is selccted from the
group consisting of polyimides, siloxancs,-polyimide siloxancs, bio-based resins made

-

from lignin, cellulose, wood oils and crop oils.

24. A method according to claim 20, wherein said first electrically conductive surface is
a chip pad and said second clectrically conductive surface is on a substrate, further

including:

heating and applying electrical power to burn-in said chip;

scparating said chip from said substralc.
25. A structure comprising:

particles of copper having a coating sclected from the group consisling of Sn and

" An;



purpose:- Use of these materials is_environnentally preferable because they
are derived fromnatural and renewabl e resources and can be di sposed of

more readily at the end of the usefmmm IHJ"“J"(MH‘ ectroni ¢c_assenbly. - This
the Cu- \E rﬁ)ﬁ&?\fyﬁ%m HAS BEEN
el i m nat esni BRUSER o ad, (Pb) cont ai ni ng sbl ders” and the lfes /T AGED e
formul ati o Hﬁm‘ﬁﬁ}%d easy to di spose. FIG 3 Illust
el ectrical I aste (ECP) materials 30, according to the present
i nvention, ticles 32 having an electrically conducting
coating 34, as conduct ing filler matiel_r; als, and a pol ymer - matrix 36.- The
said particles are contained within a thermoplastic polymer p_recursbr and a
solvent. . . '
26.- A structure accbrding to claim 1, 'wherein_ said particles are from about _30.% to
about 90% by weight of said structure. -
27. A method according to claim 20, further including pressing said first surface towards
said second surface. ' £
28. A method according to ﬁlaim 20, wherein said first temperature and said second
temperature are from about 150°C to about 250°C.
29. A method according to claim 24, where in said step of separating is done by heating
in the presence of a solvent.
30. A structure comprising
copper powder coating with a layer of a material selected from the group
consisting of Sn,: In, Bi, Sb and combinations thereof Enixéd with a fluxing agent.
31. A structure accc_)rdhi]g to claim 30, further including NMP solvent, butyric acid and
ethylene glycol and a material selcctcd from the group co:nsisting of polyimide,
siloxane, polyimide siloxane and a bio-based polymer rcsin.
32. A structure accordi.ng to claim 31, whercin said copper powder is from about 30%
to about 90% by weight of said structure.
33. A structure according to claim 5, wherein said particles form a metallurgical bond
to said first and said second surfaccs.
34. A structure according to claim 5, wherein siad ﬁr_st and said sccond surfaces arc

clectrically conducting.



particlés 32 are preferably Cu-particles. The particles 32 may be N, Au,
Ag, A, Pd and Pt. The ' e Sn, Zn, In, Pb,
coating 34 is prefefagl“ﬂﬂﬂ'““'lﬁﬂl'ﬁ“lgnd bi snut h, anti
t hereof. The polyner netricx ts Hreferably a thernopl asti
a polyimde siloxane. The invention will be described beljpw in
preferred enbodi nent, but it is not linmted8&hereto. The
tin-plating on copper powder is cleaning of fine copper powder in a dilute
sul furic acid. The copper powder used is spherical in shape, having a size
distribution of 2 to 8 [err] in dianeter, which was obtained from Degussa
Corporation, South Plainfield, NJ. Tin plating is perfornmed on the clean
copper powder35n anAmnneletrdcally dondugtivatsinagtusosubsiantiallyTasNietEhbefoi® ®ith fr om
Shi pl ey, Newton, MA. The optinumthickness of tinis 0.3 to 0.5 [err] an
5-7 pm Cu poweferengg tocanyronesifiijgs. 1312 of the-3scempanyinggrawings\ead/orivwith reference

I mredi ately m xed with a no-clean fl ux,
to any one of the examples.

&

36.  An electronic apparatus including an electrically conductive structure as

s claimed in any one of claims 1-19, and 25-35.
37. A method of forming an electrical connection, said method being substantially
as hereinbefore with reference to any one of Figs. 3-7 of the accompanying drawings
and/or with reference to any one of the examples.
38. A electrical connection in an electronic apparatus and fabricated in accordance

10 with the method of any one of claims 20-24 and 37. -
as Been Re‘laced
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FLUX305% from Qualitek International, Inc. prevents

THIS SHEET preGmmne

tin-plated copper powder from oxidation u into a
conductive paste. The tin- plated copper wder RESLAGEDUI atefl .Into a
conduct i ng paste—byfi-xing—wi-th—pel yi m de SiTox ent, butyric

acid and et hyl eng,,sg;y,%gg;sBe;l;ng L&lhative anount of filler povvder over the
pol ymer matrlx |s 0 to 90%in yeight, depending on the

appl i cations. H’ﬁﬂ M he isotropic conduction, a high filler

wei ght percent S le a low filler weight percent is required

for the ani.sotropic appllcatlon To insure uni formdi spersion of the
i ngredients, the mxture is processed in a three-roll shear mll. The

pone |3 e O L T CATIONS
30%in vve_i ght, a solvent drying process, for :
ABSTRACT R _ 3
A structure and method of fabrication are described. The structure is a combination of
5 a polymeric material (36)'and pa_rticles (32), e.g. Cu, having an electrically conductive
coating (34), e.g. Sn. Heat is applied to fuse the coating of adjacent particles (32).
The polymeric material (36) is a thermoplastic. The structure is. disposed between two
~ electrically conductive surfaces (40,42), e.g. chip and substrate pads, to provide

electrical interconnection and adhesion between their pads.

10  Fig. 4.



g exgfple, 100 [err], 1 hour, is required to adjust the viscosity of the .
paste before dlspenS|ng t he. paste on to a desired foot prirnt. In order -to
characterize the electrical and mechani cal properties, joined, sanpl es made
of the tin-plated copper-filled conductive paste are manufactured by

| am nating two "L-shaped" - copper couponsi/ghe |lamnation is perforned at a -
tenperature slightly above the nelting point of Sn, for exanple, 250 [err],
at a pressure of 25 psi. In order to conpare the conductivity val ues, other
joined sanples are also fabricated under the sim|ar process by using
commer ci al Ag-epoxy and Sn/Pb eutectic solder paste materials. The joined
sanpl es nmade of the paste according to the present invention showed the-

A\\\\.\\\\\\\\\\\\\\\\\\}

FIG. 1



Fowest el ectrical resistance value; for exanple, [err] for Sn-plated Cu
paste, [err] ohmfor Sn/Pb sol der paste, and [err] ohmfor Ag-epoxy for a
contact area of about 0.050 inch-by 0.050 inch. The resistance of the paste
according to the present invention, is even l'ower than that of the Sn/Pb
sol der paste. This can be attributed to #ﬁ@ difference in the bul k-
conductivities of copper versus Sn/Pb sol‘der. Measurenents of the joint
strength has al so denpnstrated that the joint made using the paste
according to the present invention has a higher joint strength than that
made of the Ag-epoxy paste. The ECP made of Sn-plated Cu powder and

pol yi m de-sil oxane resin is a good candi date for the high tenperature

sol der joints such ass C4 and sol der ball connection (SBC) to a ceranic
substrate. However, for the.polyneric printed circuit board applications,
this ECP is not adequate, because the reflow tenmperature such as 250 [err] -

FIG.2A

R R R R i e

CONDUCTING PARTICLES

TAB TAPE
14

A\‘m\\\\\\\\m\\\\\\\\\

FIG.2B



s mueh higher than. the glass transition tenperature of the polyneric
resin, for exanple; FR-4. A candidate for this purpose is an ECP nade of

| ndi um pl ated Cu powder fornulated with polyimde-siloxane resin. The

refl ow tenperature of the Indiumplated Cu powder paste is about 180 [err],
which is even |lower .than the reflow tenp&/&ture of the Pb/Sn eutectic

sol der, 215 [err]. Referring to FIG- 4, the paste is disposed between 10
surface 40 and 42 and heated to the reflow tenperature, which causes the
conductive coating 34 of a particle 32 to fuse to the conductive coating 34
of . an adj acent particle to forma bond 44 therebetween. Additionally,

met al | urgi cal bonds 46 are.also formed" -

ey [
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i . . .
bet ween the contact surfaces 42 and the particles adjacent- to these.
surfaces. In light of the.environnmental issues, alternative polyner resins
made from renewabl e or bio-based systens such as functionalized lignin,
cel lul ose and wood or crop oils can be al so used. These resins are-
bi odegradabl e or made from non-fossil fueh'gesources and al |l ow ease of .
recycling when the el ectronic assenblies aée dismantl ed at the end of their
useful life. FIG .5 depicts schematically an I C package attached to a PCB
50 by using a conductive paste according to the present 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 disposed between Sn 58 coated | ead frame 60
whi ch electrically interconnects SMI plastic package 62 to PCB 50. The
fine-pitch SMI assenbly typically uses a pad spacing of about 0.025" or
| ess. . : . '

/ 62
7 58
1SS
' - 60
56 S

3 rlzvv’”""ﬂ

FIG.5



Theref ore, the particle-size of the tin-coated powder should be in the
range of 5 to 10 [err]. The joining operation is conbined with the pol ymer
curing process at the tenperature between 120 and 150 [err]. This | ow

t enperature process would introduce a much 1ess anmount of thernma
distortion to the PCB conpared to the solgyéing process. In addition, the
joining process is frec of external fluxeS and no flux cl.eaning step is
required. FIG 6 depicts an I C chip 60 attached to a high-density circuit
card 52 such as surface lamnated circuits (SLC), whcrc the conductive
paste material 64, according to the present invention, is dispensed in a
t wo- di mensi onal array matchi-ng the footprint of the chip pads 66. The
joining netallurgy on thée chip side is preferably Cr/Cu/Au; and Au-to-Sn
bond is expected to format this interface. Since polyimde siloxane is a




thernDpIastlc copol yrer, this joint can be reworked by heating to about. 200
[err] in the presence of NW as a solvent.. In case of direct chip
attachment . usi ng C4 sol der bunps, an encapsulatlon process i's enpl oyed to.
obtain a desired thermal fatigue resistance of the solder joints. In the
present application, the polymer matrix sgyﬁes as a flexible phase that
al | ows accommodation of. the thermal m smatch strains between the substrate
and the conponents. .Additionally, one can encapsul ate the spaces between

t he paste pads with a second polyner to further enhance the thermal fatigue
resistance if desired. FIG 7 shows an application for wafer-scale burn-in
of C4 chips. The conductive paste material 70 is dispensed on a nultilayer
ceram ¢ substrate 72 whose pad footprint 74 is.matched with the si-licon

waf er pad foeotprint 76 on which are disposed C4 sol der

74
/L

Si WAFER

W%’ %‘T%’%
- @@M (mm@a{r‘/

74 ~\7“4
" . _ : (Au,Ni,Mo).

y 76'\

i

80

FIG.7



nouhds‘;"78 t‘fo be tes‘ff ed ‘and burnt-in. T_he MLC substrate prIMMNT SHEET

i nt ercomnects required to power i i burn-{i  and t he

external [err] through a pin gri¢ HIPHHET HARBERNHuct i Ve jpabteDBh 19%%e
substrate is cured and the Sn-coiit ed pBEPHRGER are |bondeq tjoget her with {he
C4s on the wafers before the burn=in Step. The burn-in ogeration 1s
performed typically at 150 C, 6 hr. After baPH- | n, the subhstrate i s

separated fromthe wafer, and can be used again by etching away any
residual sol der trandt é anebjest @fhtherpreseat inveptiorctorpravide An eleerically comductive

di ssol ving the b8 ; ; | dh& ; Rashal The
chip C4 pads th%ﬁ%ﬁt&nﬁ%?ﬂﬂﬁ%tﬁcﬁg?%%ed é%ﬁ?@(&lﬁg&i@%g@nﬁ&e{‘ﬁﬁgn duelto
vmﬁé?@

the linited net EPOXIHEEct area and pressure between the paste and
the sol der. Thus one Isixatothep @bjrbl 6f the prdsetiinidiion & provitiensh diecteiclyi t abl e

21 vent (such 2o BRI s SR S50 e B B B
silver-filled epoxy does. :

It is another object of the present invention to provide an electrically
conductive paste material which produces a more reliable joint than the conventional
silver-filled epoxy does, specifically, in terms of silver migration under an application
of temperature/humidity/voltage.

SUMMARY OF INVENTION
According to one aspect of the invention there is disclosed a structure

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 the invention there is disclosed a method -
comprising the steps of:

providing a paste of particles 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 interconnected particles with spaces

- therebetween; and

heating said paste to a second temperature sufficient to cure said polymer in
said spaces.

Further aspects of the inventions are defined in the accompanying claims.

eet Has Been Replaced
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JREPLA EMENT HhEbl

i . : S R
Exanpl es of new elsectri'cal ly conductive_paste naterial

_ rding to the
present invention to be used for they? e s BEen Ul fiac tiopgcdade
assenbly to a printed circuit board, gﬂﬁ%’c&Eﬁmd}E@ttac tﬁtfgﬁgﬁf?ﬁ&g_ i tich -

card, and wafer-scale burn-in of fli BS- \Lpe
formul ations are as.foll ows: 12 - copper gowder coatpd with a thin la
of low nelting point, non-toxic netals, such®as Sn, In, “Br —and thelr.
alloys, mixed with _an environnental|ly-safe fluxing agent, such as no-clean

or wat er - sol ublusef the Cu-Spjpowidsh elimingtsp ther uss oiidead, (Ph) seuirining solsisrs and; the
si | oxane; NVP se&ifid pasté fbrmulation is non-toxic and easy to dispose.

' FIG. 3 illustrates new electrically conductive paste (ECP) materials 30,
according to the present invention, comprising particles 32 having an electrically
conducting coating 34, as conducting filler materials, and a polymer matrix 36. The
particles 32 are preferably Cu particles. The particles 32 may be Ni, Au, Ag, Al, Pd
and Pt. The coating 34 is preferably tin, zinc, indium, and bismuth, antimony or
combinations thereof. The polymer matrix is preferably a thermoplastic, most
preferably a polyimide siloxane. The invention will be described below in terms of the
preferred embodiment, but it is not limited thereto. ’

The first step of tin-plating on copper powder is cleaning of fine copper
powder in a dilute sulfuric acid. The copper powder used is spherical in shape, having
a size distribution of 2 to 8 um in diameter, which was obtained from Degussa
Corporation, South Plainfield, NJ. Tin plating is performed 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 um on 5-7 um Cu powder. After
rinsing, the tin-plated copper powder is immediately mixed with a no-clean flux,

- FLUX305, from Qualitek International, Inc., Addison, IL. This prevents tin-plated
copper powder from oxidation until it is processed into a conductive paste. The tin-
plated copper powder is formulated into a conducting paste by mixing with polyimide
siloxane, NMP solvent, butyric 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 general, for the isotropic conduction, a high filler weight percent is
required, while a low filler weight percent is required for the anisotropic applications.
To insure uniform dispersion of the ingredients, the mixture is processed in a three-roll
shear mill. The viscosity is also controlled by adjusting the volume fraction of the
filler powder in the paste. When the filler weight percent is low, for example, 30% in
weight, a solvent drying process, for

e
eet Has Been Re()laced '

"I



‘dl[( } QIU’

cl' -"h

butyr| ¢ acid and et hyl €ne gl ycol or T la"ed tin- ‘,;_, .

powder, m xed W T h renewabl € or bio- l eS| gt

and butyric m ﬂ m"m gl ycol. :
FENE AR 1R R :,

copper powde | m de sil oxane, NI\/P soI v nt
and et hyl ene gl ycol- o™ né-ctean flux. - |nd| jfncoat ed cop
with renewabl e or bio-based polyner resin, abl e sol vefppt,” and butyric d
acid and ethylenc glycol or no-clean flux. - an optim zedyforoulation for
t he surface m)uGLA&b&i cation, conprising indiumcoated copper powder of 30
to 90 %in weight, poiyl m d&s&uétﬁi@a@ﬁl risiig sol vent, and butyric acid and

hi b ot tach’ appl | cat | BRISTRRRSF PRrtinls FRbPRIcHEREa © Sh DSk leghl % 9%
% in weight, polyinm deachiof eaid piyralitief 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 comprising:
a plurality of particles disposed in a polymeric material, said polymeric
material being selected 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 structure 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 structure 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 other said particles through said electrically
conductive coating.
5. A structure comprising:
a polymeric material disposed 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 partlcles through said electrically
conductive coating; and
wherein said polymeric material provides interconnection between said first
and said second surfaces and provides adhesive joining of said first and said second
surfaces. '
6. A structure comprising:
a polymeric material disposed between a first electrically conductlve and a
- second electrically conductive surfaces; and



sol vent, and butyrd ¢ acid and et hyl! € laged_ | ean fl
conprisin

=z

n
opt i mi zemfw#e burn-Tﬁﬁﬂ mﬁ “
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least some of said particles being fused to other said particles through said electrically
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 contact 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 packaging substrate.

8. A structure having a first and a second electrically conductive surfaces
comprising: |

a plurality of particles provided between said first and said second electrically
conductive surfaces;

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;

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 compnsmg the steps of:

~ providing a paste of particles 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; _ '

beating 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 paste to a second temperature sufficient to cure said polymer in
said spaces. .

10. A method according to claim 9, wherein said particles are formed
from the group consisting of Cu, Ni, Au, Ag, Al, Pd, and Pt.

11. A method comprising the steps of:

providing a paste of particles having an electrically conductive coating thereon
embedded within a polymeric material, said polymeric material being selected from the

) group consisting of polyimide, siloxane, polyimide siloxane, and bio-based polymeric

resins derived from ligﬁin, cellulose, wood oil and crop oil;
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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 interconnected particles with spaces
therebetween; and '
| heating said paste to a second temperature sufficient to cure said polymer in
said spaces.
12. A method comprising the steps of:
providing a paste of particles having an electrically conductive coating thereon
embedded within a polymeric material; ’
disposing said paste between a first and a second electrically conductive
surfaces, said first electrically conductive surface being a chip pad, and said second
electrically conductive surface being on a substrate; .
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;
-heating said paste to a second temperature sufficient to cure said polymer in
said spaces;
' heating and applying electrical power to burn-in said chip; and
separating said chip from said substrate.
13. A structure for formmg electroconducuve connectlons between
“electroconductive members;
particles of copper having a coating selected from the group consisting of Sn
and In; '
said particles being contained within a thermoplastic polymer precursor and a
solvent.
14. A structure according to claim 13, wherein said particles are from
about 30% to about 90% by weight of said structure.
15. A method according to claim 9, further including pressing said first
surface towards said second surface.
16. A method comprising the steps of:
providing a paste of particles having an electrically conductive coatmg thereon
embedded within a polymeric 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 interconnected particles with spaces
therebetween; and
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17. A method according to claim 12, wherein said step of separating is
done by heating in the presence of a solvent.

18. A structure comprising:

copper powder coating with a layer of a material selected from the group

_consisting of Sn, Zn, In, Bi, Sb and combinations thereof mixed with a fluxing agent;
and

NMP solvent, butylic acid and ethylene glycol and a material selected from the
group consisting of polyimide, siloxane, polyimide siloxane and a bio-based polymer
resin.

19. A structure according to claim 18, wherein said copper powder is
from about 30% to about 90% by weight of said structure.

20. An electrically conductive structure for forming electroconductive
connections between electroconductive members substantially as described heretofore
with reference to any one of Figs. 3-7 of the accompanying drawings and/or with
reference to any one of the examples. |

21. An electronic apparatus for forming electroconductive connections
between electroconductive members, including a structure as claimed in any one of
claims 1-8, 13, 14, and 18-20. '

22. A method of forming an electrical connection between

electroconductive members, said method being substantially as described heretobefore
with reference to any one of Figs. 3-7 of the accompanying drawings and/or with
reference to any one of the examples.

23. An electrical connection between electroconductive members,
fabricated in accordance with the method of claim 22.
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partlcles t hr ough sald coated mat eri al and enbedded in a jpolyneric nmaterj
and provi ded between el ectrically conductiv®-surfaces; orvent, butylic
acid and ethylene glycol and said polyneric nmaterial selected frontthe

group consi sting of moikwh@bjéet ofshe presencinvimion toTprdeide ah eiomicaliynebndudtive- based
pol ymer resin; p@ﬂg muterial which produces a higbzr electrical conductivity than the conventional
silver-filled epoxy does.

It is another object of the present invention to provide an electrically

conductive paste material which produces a higher joint strength than the conventional
silver-filled epoxy does.

It is another object of the present invention to provide an electrically
conductive paste material which produces a more refiable joint than the conventional
silver-filled epoxy does, specifically, in terms of silver migration under an application
of temperature/humidity/voltage.

SUMMARY OF INVENTION ,

According to one aspect of the invention there is disclosed 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 pasticles 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 the invention there is disclosed a method
comprising the steps of:

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

 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 electncally conductwe
surfaces;

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

heating said paste to a second temperature sufficient to cure-said polymer in
said spaces.

Further aspects of the inventions are defined in the accompanying claims.
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~ use of tlic Cu-Sn powder eliminates the use of lead (Pb) containing soiders and the

resulting paste formmlation is non-toxic and easy to dispose.

FIG. 3 illustrates new electrically conductive paste (ECP) materials 30,
according to the present invention, comprising particles 32 having an electrically
conducting coating 34, as conducting filler materials, and a polymer matrix 36. The

 particles 32 are preferably Cu particles. . The particles 32 may be Ni, An, 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 thereof. The polymer matrix is
preferably a thermoplastic, most preferably a polyimide siloxane. The invention will be
described below in texms of the preferred embodiment, but it is not limited thereto,

The fixst step of tin-plating on copper powder is cleaning of fine copper
powder in a dilute suifuric acid. The copper powder used is spherical in shape, having
a gize distribution of 2 to 8 pum in diameter, which was obtained from Degussa’
Corporation, South Plainfield, NJ. Tin plating is performed on the clean copper
powder in an immersion tin plating solution, TINPOSIT LT-34, from Shipley, Newton,
MA. The optimum thickness of tin i3 0.3 to 0.5 pm on 5-7 pm Cu powder. After
rinsing, the tin-plated copper powder is immediately mixed with a no-clean flux,
FLUX305, from Qualitek International, Inc., Addison, IL. This prevents tin-plated
copper powder from oxidation until it is processed into a conductive paste. The tin-
plated copper powder is formulated into a conducting paste by mixing with polyimide
siloxane, NMP solvent, butyric 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 general, for the isotropic conduction, a high filler weight percent is
required, while a low filler weight percent is required for the anisotropic applications.
To insure uniform dispersion of the ingredients, the mixture is processed in a three-roll
shear mill. The viscosity is also controlled by adjusting the volume fraction of the
filler powder in the paste. When the filler weight percent is low, for example, 30% in

weight, a solvent drying process, for
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el ectrically conductijve SUpf@mEre 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. * '

2, A structure for forming electroconductive connections between
electroconductive materials, comprising:

a plugality of particles disposed in a polymeric material, said polymeric
material being selected from thie group consisting of polyimide, siloxane, polyimide
siloxane, and bio-based polymeric resins derived from lignin, cellulose, wood oil and
crop oil; ' ;

each of said piurality 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 structure for forming electroconductive connections between
' electroconductive materials, comprising:
a plurality of particles embedded within a polymeric material, said polymeric
material being an uncured thertnoplastic 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. Astrucure for forming electroconductive connections between
electroconductive materials, comprising:
a plurality of particles embedded within a polymeric matetial, 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 other said particles through said electrically
conductive coating.
5. A structure for foi‘ming electroconductive connections between
electroconductive materials, comprising: .
a polymeric material embedded between a ﬁrgt 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 |
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6. A structure for forming electroconductive connections between
electroconductive materials, comprising:

1 polymeric material embedded between a first electrically conductive and a
second clectrically conductive surfaces; and

a plurality of particles disposed in said polymeric material;

_ each of said plurality of particles having an electrically conductm: coating, at
least some of said particles being fused to othersmdpnrtxclesthrmghsmdelecmcally
conductive coating; and
. whetein said polymeric material provides interconnection between said first
and said second sutfaces, wherein said first electrically conductive surface is a first
electronic device contact 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 packaging substrate.

3. - A structure for forming electroconductive connections between
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 said second electrically conductive surfaces;

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;

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 surfacas is a solder surface. :

9. A method comprising the steps of:

providing a paste of particles, each particie having an elecmcally conductive
coating thereon, embedded within a polymeric material, said coating being selected
from the group copsisting 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 petwork of interconnected particles with spaces
therebetween; and ——
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having a coating selected fromthe group cosi st i ng of Sn and In; at |east
sone of said particles being fused to other-said particles through sai d
heating said paste to a second temperature sufficient to cure said polymer in

said spaces,

10. A method according to claim 9, wherein said particles are formed
from the group consisting of Cu, Ni, Au, Ag, Al, Pd, and Pt.

11. A method for forming electroconductive connections between
electroconductive materials, comprising the steps of:

providing a paste of particles, each particle having an electrically conductive
coating thereon, embedded within a polymetic materiat, said polymeric material being
selected from the group consisting of polyimide, siloxane, 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 electrically conductive
surfaces;

heating said paste to a first temperature sufficient to fuse said coating on
adjacen| particles 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.

12 A method for forming electroconductive connections between
electroconductive materials, comprising the steps of: '

providing a paste of particles, each particle having an electrically conductive
coating thereon, embedded within a polymeric material;

disposing said paste between a first and a second electrically conductive
surfaces, sald first electrically conductive surface being a chip pad, and said second
electrically conductive surface being on a substrate;

, heating said paste to a first temperature sufficient to fuse said coating on
adjacent particles to form a network of interconpected particles with spaces
therebetween; .

heating said paste to a second temperature sufficient to cure said polymer i in
said spaces; .
) heating and applying electrical power to burn-in said chip; and
separating said chip from said substrate. '
13. A structure for forming electroconductive connections between
electroconductive members. comprising:
particles of copper, each particle havmg a coatmg selected from the group
consisting of Sn and In;
at least some of said particles being fused to other said particles through said

and embedded within a thermoplastic polymer precursor and a solvent.
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14. A structure according to claim 13, wherein said particles are from
about 30% to about 90% by weight of said structure.

15. A method according to claim 9, farther including pressing said first
surface towards said second surface, _

16. A method for forming electroconductive connections between
electroconductive materials, comprising the steps of:

providing a paste of particles, each particle having an electricaily conductive
coating thereon, embedded within a polymeric 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 interconnected particles with spaces
therebetween; and

heahngsaidpnstetoasecondwmpetamresuﬂicientﬁocuresaxdpolym in
said spaces; and

wherein said first temperature and said second temperamte are from about 150

| degrees C to about 250 degrees C.

17, A method accordipg to claim 12, wherein said step of separating is
done by heating in the presence of a solvent.

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

copper powder having a plurality of particles, each particle being coated with a
layer of & material selected from the group consisting of Sn, Zn, In, Bi, Sb and
combinalion thercof, at least some of said particles being fused to other said particles
through said coated material and embedded in a polymeric material and provided
between clectrically conductive surfaces;

NMP solvent, butylic acid and ethylene glycol and said polymeric material
gelected from the group consisting of polyimide, siloxane, polyimide siloxane and a
bio-based polymer resin,
' 19. A structure according to claim 18, wherein said copper powder is
from about 30% to about 90% by weight of said stracture.
. -
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I n said spaces; and wherein said first tenperature and sai d |second
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met hod according to claim 12, wherein said step of separating is done by

heating In thfduek @&Bﬁ‘?)@m@lfatl@n AeknaR Rk, while the epbxyp hfaﬁ‘ﬁctélbl%vfd@i adife5ivk Bend
el ectroconducti ve connecti ons between
between the components 8 and a substrate 10, This silver-filled epoxy material has been
long used in the electronic applications as a die-bonding material, where its good thermal
conduction rather than clectrical conduction property is utilized. However, this lﬁaterial
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 conductivity, increase in contact resistance during thermal exposure, low joint
strength, silver migration, difficulty in rework, and others.  Since this silver-filled
epoxy material is clectrically conductive in all the directions, it is “classified as
“isotropic” in elettro-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 polymenc adhesive material 20. Thc
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 and pressure. The major application of the anisotropic conductive '
film.is- for joining of a liquid crystal display pane} to its electronic printed circuit board.
The conducting particles are usually deformable, such as solder balls, or plastic balls
coated with nickel and 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, | o
According to one aspect of the present invention there is provided a method for
forming electroconductive connections between electroconductive materials, _comprismg
the steps of: providing a paste of particles, each particle having an electrically
conductive coating thereon, embedded within a polymeric material; disposing said paste




el ectroceonductive materials, conprising: copper powder havin

of particles, each particle being coated with a |ayer of a | mﬁysm
sel ected fromthe group consisting of Sn, Zn, In, Bi, Sb and}cpnbi nation

t hereof, at |east sone of said particles being fused to othe ai2iB OCT 1997
particles through said coated material and enbedded in a pol ric materi al
and provi ded between electrically conductsi ve surfaces; NWP splvent, butyrrc
acid and ethylene glycol ‘and said polyneric material sel ecteflfiromihe
group consisting of polyimde, siloxane, polyimde siloxane and a bi o-based
pol ymer resibetwekf. a firstAamt auseconde elecrioallyi ogndhaive| sirfaned 8 saidhfirse ietecsivally

copper powder is from about 30%to about 90% by weight of said structure.
conductive surface being a chip pad, and said second electrically conductive surface

being on a substrate; 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; heating said paste to a second temperature sufficient to cure said polymer
in said spaces; heating and applying electrical power to burn-in said chip; and separating
said chip from said substrate,

According to another aspect of the preseni invention there is provided a structure
for forming eclectroconductive connections between electroconductive materials,
comprising: copper powder having a plurality of particles, each particle being coated
with a layer of a hmterial selected from the group consisting of Sn, In, Bi, Sb and
combination thérebf, at least some of said particles being fused .to other said particles
through said coated material and embedded in a polymeric material dpa provided
between electrically conductive surfaces, NMP solvent, butylic acid and ethylene glycol
and said polymeric material selected from the group consisting of polyimide, siloxane,
polyimide siloxane and a bio-based polymer resin; and wherein said copper powder is
from about 30% to about 90% by weight of said structure,
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el ectroni c apparatus and fabricated i nceagasdance

1. A method for forming electroconductive connections between elcﬁtroconduct—ive
materials, comprising the steps of: |
providing a paste of particles, each particle having an electrically conductive
coating thereon, embedded within a polymeric material; _
disposing said paste between a first and  second electrically conductive surfaces,
said first electrically conductive surface being a chip pad, and said second electrically
conductive surface being ona spbstrate;
heating said pasic to a first temperature sufficient to fuse said coating on adjacent
| particies- to form' a network of interconnected particles with spaces therebetween;
heating said paste to a second temperature sufficient to cure said polymer in said
spaces;
heating and applying electrical power to burn-in said chip; and
séparatmg saiid cliip from said substrate.
2. A method according to claim 1, wherein said step of separating is done by heating
in the presence of a soh.rent.
3. A structure formed by a method according to claim 1 or 2.
4. A structure for forming electroconductive connections between elecu-oconducﬂvg

materials, comprising:

copper powder having a plurality of particles, each particle being coated with 2

layer of a material selected from the group consisting of S, In, Bi, Sb and combination
thereof, at least some of said particles being fused to other said particles through said
coated material and embedded in a polymeric material and provided between electrically

conductive surfaces;

NMP solvent, butylic acid and ethylens glycol and said polymeric material selected

from the group consisting of polyimide, siloxane, polyimide siloxane and a bio-based - .

polymer resin; and
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wherein said copper powder is from about 30% to about 90% by weight of said

structure.
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ELECTRICALLY CONDUCTIVE PASTE MATERIALS AND APPLICATIONS

ABSTRACT |

A structre and method of fabrication are described. The structure is a combination of
a polymeric material (36) and particles (32), e.g. Cu, having an electrically conductive
coating (34), ¢.g. Sn, Heat is applicd to fuse the coating of adjacent particles (32).
The polymeric material (36) is a thermoplastic. The structure is disposed between two
electrically conductive surfaces (40,42), e.g. chip and substrate pads, to provide

clectrical interconnection and adhesion between their pads.

Fig. 4.




