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flip-chip connection (or CA4).  solder-ball connection in ball-grid-arrays
(BGA), |C package assenbl WWPCB) Sol der joints.
produced in the el ectroni c packages serve critically as electrical

i nterconnections as well as

FIELD OF THE INVENTION

The present invention relates to novel interconnection 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 technology.
BACKGROUND

Most electrical conductors used in electronic devices are made of metals, such as copper,
aluminum, gold, silver, lead/tin (solder), molybdenum and others. Solder connection
technology using lead/tin alloys plays a key role in various levels of electronic packaging,
such as flip-chip connection (or C4), solder-ball connection in ball-grid-arrays (BGA),

" IC package assembly to a printed circuit board (PCB). Solder joints produced in the
electronic packages serve critically as electrical interconnections as well as
mechanical/physical connections. When either of the functions is out of service, the
solder joint is considered to have failed, which can often threaten a shut-down of the

whole electronic system.



mechani cal / physi cal connections. Wen either of the functions is out of
service, the solder joint is considered to have failed, which can often
threaten a shut-down of the whole electronic system

-2-  Wien microel ectroni ¢ packages are assenbled to a printed circuit
board, the lead-tin eutectic solder, 63%n-37%b, havinig the | owest .
nmelting point (183 [err]C) anong Pb-Sn al Loys, is nost widely used. In

t hese 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) sol dering. The basic difference between the two
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i nt erconnect.i on, sc{geme 0 I.n SMI' sol dering, mcroelectronic packab%es are
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size conpared to traditional PTH packages. Hence, SMI' has contributed

si gni fi cant PguRttechnglogy (Milheoldsring Jhe bpdicdifferenee heawsenghe tu techralogissy t he
vol unme of the.: : : 4 Is applied
to a PCB by&ggél?ée{gl%#‘itﬁ%llalﬁgf&golpéiéérqpég@f %&C%Q’S@g gzrc}? h?ﬁq{r?geg%ﬁér powder ,
flux, and organic vehicles. During the reflow process, solder particles are
melted, flux is activated, solvent materials are evaporated, and :

si mul t aneouk] $MMdoldefing GhidReleCtemic st Regesnd directBvatichéd toyths ehrfsbefofad. | n
contrast, in_the wave sol deri n%P&ocess, a PCBis first fluxed and

conponent s BFB- fomsiasdysntage of isihighy packapingideasity, Whichoiy sealized Ry t en
sol der. eliminating most PTH's in the PCB as well as by utilizing both surfaces of the PCB to

accommodate components. In addition, SMT packages have a finer lead pitch and a
smaller package size compared to traditional PTH packages. Hence, SMT has
contributed significantly in reducing the size of electronic packages and thereby the

volume of the overall system.

In SMT soldering, solder paste is applied to a PCB by screen printing. Solder paste
consists of fine solder powder, flux, and organic vehicles. During the reflow process,
solder particles are melted, flux is activated, solvent materials are evaporated, and
simultaneously molten solder coalesces and is eventually solidified. In contrast, in the
wave soldering process, a PCB is first fluxed and components are mounted on it. Then

it is moved over a wave of molten solder. ' ;

The soldering process is usually completed 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.



The sol dering process is usually conpleted by subjecting the solder joints
to a cleaning step to renove residual flux materials. Due to environnental
concerns, CFCs and ot her harnful cleaning agents are being elimnated and
repl aced by either water-soluble or no-clean flux materials.

- 3- Recent advances in mcroelectronic devices demand a very fine pitch
connection between el ectronic packages andza printed circuit board (in an
order of a few hundred mcronmeter 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
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materials. Thermal exposure at this reflow temperature produces significant thermal

strains in a printed circuit board after soldering, especially in the direction perpendicixlar
to the surface of a PCB, where no structural reinforcement is made in that direction.
Thereby, the residual thermal strains in an assembled PCB would cost the reliability of .

an electronic system.

A more serious concern regarding the usage of lead (Pb)-containing solders is an
environmental issue, which we have experienced the trend/impact already in other

industries by eliminating lead from gasoline and paints.

In the electronic industry, two different groups of materials are investigated currently
for the possibility of substituting the Pb-containing solder materials; Pb-free solder
alloys, and electrically conductive pastes (ECP). The present invention discusses the
development and applications of the electrically conductive paste materials. An
electrically conductive paste (or adhesive) is made of metallic filler particles loaded in the
matrix of a polymer material. Silver-particle filled epoxy is the most common example
of the electrically conductive pastes 6, schematically shown in FIG. 1. The silver
particles 2 usually in a shape of flakes provide electrical conduction by percolation

mechanism, while the epoxy matrix 4 provides adhesive bond between a component 8



In the electronic industry, two different groups of materials are

I nvestigated currently for the possibility of substituting the

Pb-contai ning solder materials; Pb-free solder alloys, and electrically
conductive pastes (ECP). The present invention discusses the devel opnent
and applications of the electrically conductive paste materials. An
electrically conductive paste (or adhesiwe) is made of netallic filler’
particles loaded in the matrix of a polynmer material. Silver-particle
filled epoxy is the nost common exanple of the electrically conductive
pastes 6, schematically shown in FIG 1. The silver particles 2 usually in
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“anisotropic” conductive adhesive 12 or film, shown schematically in FIG. 2. The
anisotropic conductive adhesive 12 or film becomes conductive only when it is
compressed between two conducting pads 22 and 24. This process requires normally
heat and pressure. The major application of the anisotropic conductive film is for
joining of a liquid crystal display panel to its electronic printed circuit board. The
conducting particles 14 are usually deformable, such as solder balls, or plastic balls
coated with nickel and gold. The binder or adhesive material 16 is mostly a

thermosetting resin.

In our recent invention ( g41 , 406 ), an electrically conductive paste (ECP) material
is disclosed, which consists of copper powder coated with a thin Jayer of low melting
point, Pb-free metals, such as Sn, In, Bi, Sb and their alloys, mixed with an
environmentally-safe fluxing agent, and dispersed in the matrix of thermoplastic or
thermosetting polymers. The microstructure of the ECP containing Sn-coated 64 Cu

powder 62 is shown in its cross-section view in FIG. 3.



conpressed between two conducting pads 22 and 24. This process requires
normal | y heat and pressure. The mmjor application of the anisotropic
conductive filmis for joining of a liquid crystal display panel to its

el ectronic printed circuit board. The conducting particles 14 are usually
def ormabl e, such as solder balls, or plastic balls coated with nickel and
gol d. The binder or adhesive material 16_.i§ nostly-a thernosetting resin.
In our recent invention ( 641, 4 06 ), an electrically conductive paste
(ECP) material is disclosed, which consists of copper powder coated with a
thin layer of low nelting point, Pb-free netals, such as Sn, In, Bi, Sb and
their alloys, | _Q0MLT, < IR Lo N:Ts) nd
di spersed in t e%%iy%ﬁﬁéréhm%{] S |eg|a1(5€p@2{g§dn%ésdgﬁ#ng poly oo?ls- The
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its cross-section viewin FIG 3. . L
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even |lower than the reflow tenperature of the Pb/Sn eutectic solder, 215
[err]C. | ntesuperatutecefithe Rb/Sateutsstic splden 235 "C414063), we di scl osed
structure and net hods

In our recent invention (414070 , 414063 ), We disclosed structure and methods -
of fabricating dendritic powder materials for high conductivity paste applications as
shown in Fig. 4. The copper dendrite structure 44 was deposited on a dummy substrate
40, followed by another electrodeposition of a low melting point metal 42 (In, Sn, Zn,
Bi, and Sb and their alloys) on top of the copper dendrite structure. The dendrite
powder was then collected from the substrate and mixed with either thermoplastic or

thermoset polymer resin(s) to form an electrically conductive paste.

In the prior art, a solder/polymer composite paste material is disclosed in U. S. Pat.
No.5,062,896 (Huang et. al.), comprising a major proportion of a meltable solder
powder filler, such as Bi-Sn, Pb-Sn, Bi-Sn-Pb alloys, a minor proportion of a
thermoplastic polymer such as a polyimide siloxane, and a minor proportion of a fluxing
agent. An oxide-free, partially coalesced solder alloy connection is obtained, which is
polymer strengthened and reworkable at a low reflow temperature, per se, or in the

presence of polymer solvent.



of fabricating dendritic powder materials for high conductivity paste
applications as shown in Fig. 4. The copper dendrite structure 44 was
deposited on a dumry substrate 40, followed by another el ectrodeposition of
a lownelting point metal 42 (In, Sn, Zn, Bi, and Sb and their alloys) on
top of the copper dendrite structure. The dendrite powder was then
collected fromthe substrate and m xed with either thernoplastic or

t hernoset polymer resin(s) to forman electrically conductive paste. In
the prior art, a solder/polynmer conposite paste material is disclosed in U
S. Pat. No.5,062,896 (Huang et. al.), conprising a major proportion of a
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component and a substrate.

In another prior art, U. S. Pat. No.5,213,715 (Patterson et. al.), a directionally
conductive polymer is disclosed, which contains a metallic filler powder of Ni or Cu.
The metallic powder is treated by a different polymer than the polymer used as a matrix
resin. Upon compression, the coated polymer is displaced to make an electrical

conduction among the filler particles.
SUMMARY

It is an object of the present invention to provide an electrically conductive paste

material which is environmentally safe and low cost.

It is an object of the present invention to provide an electrically conductive paste
material which produces a higher electrical conductivity than the conventional

silver-filled epoxy does.



In another prior art, U S. Pat. No.5,213,715 (Patterson et. al.), a
directionally conductive polyner is disclosed, which contains a netallic
filler powder of Ni or Cu. The netallic powder is treated by a different
pol ynmer than the polynmer used as a matrix resin. Upon conpression, the
coated polyner is displaced to make an el ectrical conduction anong the

filler particles. SUMMVARY It is an qbpect of .the present inventi on to
provi de an electrically conductive paste material which is environnentally
safe and | ow cost. It is an object of the present invention to provide an

el ectrically conductive paste material which produces a higher electrical

conductivity, fhan,t venti.qnal ..silver-fille
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than the refl ow tenperature of Pb-Sn eutectic sol der paste. It is an

obj ect of t R&-Ssr ewteqtic spidorpasteon t o provi de .an. el ectrically conductive paste
material which is nore corrosion-resistant than the conventi onal
silver-filled epoxy pastes.

It is an object of the present invention to provide an electrically conductive paste
material which is more corrosion-resistant than the conventional silver-filled epoxy

pastes.

In <;ne particular embodiment, we disclose an electrodeposited powder structure
consisting of Sn(undercoat)/Cu(dendrite)/Sn(barrier)/In (overcoat). This powder
structure is sequentially electrodeposited on a dummy substrate such as titanium or
stainless steels, from which the electrodeposited material can easily be separated. The
undercoat Sn layer provides protection of Cu surface from oxidation or corrosion as well
as controls the composition of the overcoat layer when they are in.contact to form
metallurgical bonding among the powder particlm. The Sn barrier layer slows down the
fast Cu-In compound formation, which can prevent the particle-to-particle bonding.
The In overcoat together with the Sn undercoat and the barrier enables to make the
particle-to-particle bonding at a low temperature such as 150 °C. The thickness of
undercoat, barrier and overcoat layers is approximately in the range of 1 micro-meter

or less. The Cu dendrite size is in the range of 1 to 50 micro-meter in length.

In another particular embodiment, we disclose an electrodeposited powder structure
consisting of Sn{undercoat)/Cu(dendrite)/Bi-Sn alloy(overcoat). In this structure no
barrier layer between Cu and Bi-Sn metals was required. The Bi-Sn overcoat layer was

electrodeposited as the near-eutectic composition by using a commercial plating solution.



In one particul ar enbodi nent, we disclose an el ectrodeposited powder
structure consisting of Sn(undercoat)/Cu(dendrite)/ Sn(barrier)/In
(overcoat). This powder structure is sequentially electrodeposited on a
dummy substrate such as titaniumor stainless steels, fromwhich the

el ectrodeposited material can easily be separated. The undercoat Sn |ayer
provides protection of Cu surface from oxidgtion or corrosion as well as
controls the conposition of the overcoat |ayer when they are in contact to
form netallurgical bonding anong the powder particles. The Sn barrier

| ayer slows down the fast Cu-ln conpound formation, which can prevent the
parti cl e-to- pané astoletted eleditbdepci@d powARY hRRRE hhvGEwIdR varhiidh fnNEe Phrticle
undercoat and the barrier enab?es to make the particle-to-particle bonding
at a | ow t enpsifeatlnrasderielobteain a BPifpraer pardcle Siae eith¢erckinemilling pigaese or blrasonic
barrier and over.coat |layvers is.approximately in the r e.of 1 mcro-nmeter
or | ess. The YATUGEAHE PG memal Wes fequitpd ymiconiumetion, witk g microstovg sereuink,
length. " I NpaB&.hehe rfdridaUaticie ROt Biton i the TAZRTP 5B 10 micro-meter.

el ectrodeposi ted powder structure consisting of
Sn(undercoat )/ Cu(dendrite)/Bi-Sn alloy(overcoat). In this structure no
barrier |layer between Cu and Bi-Sn netals was required. The Bi-Sn overcoat
| ayer was el eThe eleRfudepdsiét powdeh evitheuniforih @nt iptefervedppatitle oiae Bythers mingda

commerci al plating solution. . .
-8- with either thermoplastic or thermoset polymer resin(s) to formulate an electrically

conductive paste as described in our previous inventions ( 414070 , 414063)

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an electrically 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. 2 is a schematic illustration of an electrically conductive adhesive which becomes
electrically conductive only in the one direction when the adhesive film is compressed
between two contact or bond pads. The conductive adhesive (or film) is classified as

anisotropic. (prior art)

T

FI1G. 3 is a schematic illustration of an electrically conductive paste material, comprising
spherical copper powder filled in the matrix of thermoplastic polymer resin. The copper
particles are coated with a low melting point, non-toxic metals, such as tin, indium,

bismuth, and others.



The as-coll ected el ectrodeposited powder particles have a wide variation in
the particle size. In order to obtain a uniformparticle size, either a
jet mlling process or ultrasonic particle size reduction nethod was
required in conjunction with a mcro-sieve screening process. The
preferred particle size distributionis in the range of 5 to 10

m cro-neter. The el ectrodeposited powdeg with a uni form and pref erred
particle size is then mxed wth either thernoplastic or thernoset polyner
resin(s) to formulate an electrically conductive paste as described in our
previous inventions ( 414070 , 414063). BRI EF DESCRI PTI ON OF THE

DRAW NGS FiG34 ik aisGhematic MAREhiicn of the éndaitic 0oppef powderdepssited ahlaydummy
conductive paste conprising silver flake art.i cles as a filler in the
matri x of erﬁ@hwﬁéébnﬁpweﬂw alestralytie denosision pea ithindayes on indiem mesalaotheopi ¢ i n
electrocond(&tlop é |or art) FIG 2 is a schematic illustration of an
electrically ESﬂd"‘uB V& adhesi ve which becones electricall y conductive
only in the one direction when the adhesive filmis conpressed between two
contact or bond pads. The conductive adhesive (or film is classified as
ani sot r opi c.Fi(prs s sehdnatic illustr@ioofi mnew eledtmdapadsited powidar istructyre ddposited
electrically conductive paste materi onprisi . | cal ..copper powder
filled in tHD HEPRIY SaPsq%ﬁ?ﬁmdgw?tg)cﬂgfeyHE‘,@&/%@?W%@G’Z‘WS&%Q particles

are coated with a low nelting point, non-toxic netals, such as tin, indium

FIG. 6 is a schematic illustration of a new electrodeposited powder structure deposited

on a dummy substrate; Sn(undercoat)/Cu(dendrite)/Bi-Sn(overcoat).

DETAILED DESCRIPTION

In the previous inventions, ;49,4 070and414,063 »We disclosed the copper
dendrite structure deposited on a dummy substrate, followed by an electrodeposition of
thin indium metal on top of the copper dendrite structure. The indium-coated copper
dendrite powder can be easily collected by scraping from the dummy substrate. The
detailed conditions for the copper dendrite electrodeposition were disclosed as the
three-stage plating scheme; (i) initial plating of dense copper, (ii) dendrite nucleation

stage, and (iii) dendrite growth stage.
The indium plating condition and bath were also disclosed.

Fig. S is a schematic illustration of a new electrodeposited powder structure deposited
on a dummy substrate 50;
Sn(undercoat)52/Cu(dendrite)54/Sn(barrier)56]ln(overcoat)58. The undercoat Sn 52

and barrier Sn layer 56 were electrodeposited by using the Solderon Tin Concentrate



bi smut h, and ot hers.

-9- FIG 4 is a schematic illustration of the dendritic copper powder
deposited on a dumry substrate, followed by electrolytic deposition of a
thin l'ayer on indiumnetal on the dendritic powder. FIG 5is a
schematic illustration of a new el ectrodeposited powder structure deposited
on a dummy substrate; Sn(undercoat)/Cu(dendig te)/ Sn(barrier)/In(overcoat).
FIG 6 is a schematic illustration of a new el ectrodeposited powder
structure deposited on a dumry substrate; .

Sn(under coat )/ Cu(dendrite)/Bi - Sn(overcoat). DETAI LED DESCRI PTI ON In

t he previ ous splutiemfioankeaRpnal, D) TheSndfatri@dayer van bk eplaoskby ¢ther wetplsend

dendrite strugture de strate foll onwed by an

el ect r odeposi ?’@ns‘bc?‘ "’B?ﬁrh" %?XWCW ?%p of the copper dendrite
structure. The indiumcoated copper dendrite powder can be easily

coll ected by scraping fromthe dumry substrate. The detailed conditions for

the copper d%éj. ré iE & s@ﬂxe?rfattirc(?ﬂﬁg’gﬁtjmt &i%nné@@&gcu%@ﬁsmmr gtpif‘mure deposited
on a dummy substrate 60; Sn(undercoat)62/Cu(dendrite)64/Bi-Sn(overcoat)66. The
overcoat Bi-Sn layer 66 is deposited as a Bi-Sn alioy whose composition is near eutectic,
60%Bi-40%Sn in weight. The Bi-Sn alloy layer was deposited by using an experimental
bath consisting of Solderon Tin Concentrate, Solderon Bi Concentrate, Solderon Acid,
Solderon Bi Primary and Solderon Bi Secondary solutions from LeaRonal, Inc. Typical
electrodeposition conditions for the Sn/Cu/Bi-Sn powder materials are as follows;
i) Sn (undecoat); 2 A, 0.5 V, 3 min, for 100 in2 area,
ii) Cu (dendrite); 20 A, 2.5 V, 2 min, for 100 in? area,
iii) Bi-Sn (overcoat); 14 A, 2.0 V, 2 min, for 100 in? area.

The anode material for Cu plating was an oxygen-free copper metal, and for Sn and

Bi-Sn plating was a pure tin metal.

The as-collected electrodeposited powder particles have a wide variation in the particle
size. In order to obtain a uniform particle size, either a jet milling process or ultrasonic
method was required in conjunction with a micro-sieve screening process. The preferred

particle size distribution is in the range of § to 10 micro-meter.

The electrodeposited powder of a uniform and optimum particle size range is stored in
the “no-clean” flux, Qualitek #3095, until it is used for paste formulation. Electrically

conductive paste is formulated by dispersing the filler powder of uniform and desired



t hree-stage plating schene; (i) initial plating of dense copper, (ii)
dendrite nucleation stage, and (iii) dendrite grow h stage. The i ndi um
pl ati ng condition and bath were al so di scl osed. Fig. 5is a schemtic
illustration of a new el ectrodeposited powder structure deposited on a
dummy substrate 50; -

Sn(under coat )52/ Cu(dendrite)54/ Sn(barri-et) 56/ 1 n(overcoat)58. The under coat
Sn 52 and barrier Sn | ayer 56 were el ectrodeposited by using the Sol deron
Tin Concentrate - 10
- solution fromLeaRonal, Inc. The Sn barrier |ayer can be replaced by
ot her et al s Parisle size ipphe matrixofpithey thexmppplastic omrgernmmget polymesisiTesinps oy s |

Fig. 6is a i Coill i f el gdggfeposi ted powder
ot Fuct ur o “degiar by Al Thleflo £ PRl K
Sn(under coat ) 62/ Cu(dendrite) 64/ Bi - Sn(overcoat) 66. The overcoat Bi-Sn | ayer

66 is deposited as a Bi-Sn all oy whose conposition is near,_ eutectic, .

609Bi - 4096n il oFeF dheharareriag; thesplectripal pnd apehanigalrrgryrbies: thedoy straplgy With
exper i ment al L% @%‘F%‘ﬁg’}%‘?’%’l l;bqfrgé co%%h&ﬁe%gstlwgrqumw j()ﬁ“neg’ twrﬁ%%‘éBEh”B'

Concentr at e,
copper coupons. A joining operation was performed at 180 °C, 15 min, 25 psi. The

model joints made of the Sn/Cu/Bi-Sn with a polyimide siloxane resin showed excellent

electrical and mechanical properties compared to those of the solder joints.



Sol deron Bi Primary and Sol deron Bi Secondary sol utions from LeaRonal, Inc.
Typi cal electrodeposition conditions for the Sn/Cu/Bi-Sn powder materials
are as follows; i) Sn(undecoat) 2 A 0.5V, 3mn, for 100 in[err]

ar ea, 20 A, 2.5V, 2 mn, for 100 in[err] area,
iii) Bi-S |mﬁ‘ml¥mﬂﬂmuﬂm 2.0V, 2 mn, for 100 in[err] area. The
anode mater for 'Cu ol & i ng was an oxygen}j r.ee copper netal, and for Sn
and Bi-Sn plating was a pure tin netal. The as-col |l ected

el ectrodeposited powder particles have a wide variation in the particle
size. In order to obtain a uniformparticle size, either a jet mlling
process or ultrasonic nethod was requi€RAIM8E conjunction with a

m cro-sieve screening process. The preferred particle size distribution

is in the range of 5 to 10 mcro-neter. The el ectrodeposited powder of a
uni form and owhhi'WMaEd isC! € Si ze range is stored in the "no-clean" flux,
Qualitek #305, until it is used for paste fornmulation. Electrically

conductive paste is formulated by dispersing the filler powder of uniform
and desired

1. A structure comprising:
a plurality of dendrites of a material;

said dendrites having a central portion and branched filaments projecting away

from said central portion; and

said dendrites have a first coating on a first portion of said dendrites and a

second coating on a second portion of said dendrites.
2. A structure according to claim I, wherein said plurality of dendrites is a powder.

3. A structure according to claim 1, wherein said material is selected from the group

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

4. A structure according to claim 1, wherein said first coating is.a material selected
from the group consisting of In, Sn, Zn, Pb, Bi and Sb and a second coating is a

different material selected from the group consisting of In, Sn, Zn, Pb, Bi and Sb.

5. A structure according to claim 3, wherein at least some of said dendrites are fused

to others of said dendrites through said electrically conductive coating.
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particle size in the matrix of either thernoplastic or thernoset polymeric
resin as described-+hn-the previous inventions (414070, 414063 ). I n
order to rize the el ectrical and nmechani cal properties, the joint
sanpl' es Mgﬂﬁ{mm er ature, Pb-free conductive paste were made by
joining t pper coupons. A joining operation was perforned

at 180 [err]C, 15 mn 5 psi. The nodel 1g3ai nts made of the Sn/ Cu/Bi - Sn
with a polyimde siloxane resin showed excellent electrical and mechani cal

properties conpared to those of the sol der joints. - 12 -

What is clained is: 1. A structure conpri sing: a

pol ymeric med.eri @ structure according to clginPh Wkifrdih ¥al@fphﬁlﬁﬂ§l of bi&farftés et eri al

whi ch are enbedded in said polyneric nat eri al said dendrites

havi ng a central e@bﬁddeénmanmamommmaaanents proj ecting away from
said central portion; and

7. A structure according to claim I, wherein said structure is an electrical

interconnection means.

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

a melting temperature less than that of said dendrites.

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

first and second surfaces.

10. A structure according to claim 6, wherein said polymeric material is cured or

baked.

11. A structure according to claim 6, wherein said polymeric material is selected from
the group consisting of polyimide, siloxane, polyimide siloxane, epoxy, and

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

12. A structure according to claim 6, wherein said polymeric material is a

solvent-containing thermoplastic adhesive.

13. A structure according to claim 6, wherein said polymeric material is a solvent-free

thermoplastic adhesive.
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sai d demnd_h tes have afi+st coati ng on a first portion of said dendrites

and as coating on a second portion of said dendrites.

: Emﬂuim ",IHMQ({ Imng to claim1, wherein said plurality of dendrites
[} Ry

|s a powd’ér A structure according to claim1l1, wherein said
material is selected fromthe group consisting of Cu, Pd, Pt,
Ni, Ag and Au. 4, A structure accorgding to claim1, wherein said
first coating is a material selected from the group consisting

of In, Sn, Zn, Pb, Bi and Sb and a second coating is a different.

material selected fromthe group consisting of In, Sn, Zn, Pb, Bi and Sb.
5. A struct 4.e acstouctire@ciodding a6 teith 9, WAREEh Fai@ blulr S1R§ bf denmitafarsai d
dendrites are fused to . others of sajd dendrites through said
electrically conduc?f“ibﬁ’r‘é‘ieéd’éﬁh‘ﬁ@ Jpolymeric’ magerial whish provides gdbesiye Joinineof seid
claiml1, wherein 5%& aﬁh At Saisiadds €l ectrical interconnection

neans. 7. st ructure according to claim1, wherein said
electrically conductl ve coating has a melting tenperature | ess
than that of said dendrites.

- 13 - 8. 1 stAsinuctire aeaording kngjaimod,orherein said first surface iimﬁssdphgtrmici r st

and a second surface .betwee ch said st ure I's osed.to
provi de inter connegfwffncoﬂgtcgbéﬂ‘@a‘?"&%e&? S%{ﬁamn‘f suriacg é‘&)%’é‘ﬁaf

A structure accor digggce @nfdciofation. Wherein said polyneric material is cur ed
or baked. 10. A structure according to claim11, wherein said polyneric
material is selected fromthe

16. A structure according to claim 15, wherein said first electronic device is a

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

17. A structure according to claim 9, wherein one of said first and said second

surfaces is a solder surface.
18. A structure according to claim 9, wherein said structure is an electronic device.
19. A structure according to claim 9, wherein séid structure is a computing device.
20. A structure comprising:

a network of interconnected dendrites having spaces therebetween;

each of said dendrites having a first coating and a second coating on a second

portion of said dendrites thereon of a fusible material;

adjacent dendrites in said network adhered together through said fusible material.

T e—
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group"éb"‘nvsrﬁ t+-ng—oef—polyi m de, sil oxane, polyimde siloxane, epoxy, and
| ymeric resins derived fromlignin, cellulose, wood oil

and cr mlmlw,wm”m A structure according to claim 1, wherein said
poI ymer sol vent - cont ai ni ng t hernopl asti ¢ adhesi ve.

A struct lre®actor di ng to claim11, wherein said polyneric material is
a soI vent-free t hernopl astic adheS| ve. 13. A structure
according to claim8, wherein said plural Il?y' of dendrites are enbedded
within a polymeric material which provides adhesive joining of said first
and said second surfaces. 14. A structure according to claim
8, wher ei n2daj dAfstiusture gechading foxlaimf20; whereinesgidrspages cogeingepolymeric  cont act
| ocati on and mhergln said second surface is a second el ectronic device
cont act A% Eg{lon 15. . A structure according to claim 14,
wherein said first electronic device is a sem conductor chip and
sai d second electronic device is a packagi ng substrate. 16. A
structure 22cor Aishycture adcaidingBto cldvar20] whersia said deadrdte$ haweta esndrabportios econd

surfaces is a sol der surface. 17. A structure according to
claim 8, wher ei #ndshiaached filmentepiojecting wWaychom frid cgusgql portions g A

structure according to claim8, wherein said structure is a conputing
devi ce. - 14 - 19. A

structure Qanprashfgiure according to claim 1, wherein said dendrites have a length and 2

width and an aspect ratio which is a ratio of said length to said width.

24. A structure according to claim 23, wherein said aspect ratio is between about |

to about 10.

25. A structure according to claim 23, wherein said aspect ratio is between about 1

to about 5.
26. A structure according to claim 20, wherein said material is electrically conductive.

27. A structure according to claim 6, wherein said dendrites are from about 10% to

about 90% by weight of said structure.

28. A structure according to claim 6, wherein said polymeric material is selected from
the group consisting of a polyimide, a siloxane, a polyimide-siloxane, an epoxy,

and a bio-based polymer resin.

29. A structure according to claim 9, wherein said coating f"orms a metallurgical bond

to said first and said second surfaces.
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a network of interconnected dendrites having spaces therebetween;
each of said dendrites—having a first coating and a second coating on a

seconﬂ' i said dendrites thereon of a fusible naterial;
adj ac ﬂ"’”ﬂ'@g,ﬂ ”L"!Isai d network adhered together through said fusible
-H S *

materi al . ¢ tructure according to claim19, wherein said spaces
contain a polyneric material. 21. A sygucture according to claim19
wherein said dendrites have a central portion and branched
filaments projecting away fromsaid central portions. 22. . A structure

according to claim1, wherein said dendrites have a |length and a width and
an aspect 1%ati & $tFctre agcosding tq elainr 9,ouliesein eqid)first wnd szid gecand sirfaces 26, A
structure accorgj ,in.22, wherein said aspect ratio is between about
| to about -Eg&t%gilé?mﬁhgﬁmg' A'structure according to claim22, wherein
said aspect ratio is between about 1 to about 5. 25. A
structure according to claim19, wherein said material is electrically
conduct i vedl.  Aestructurpaedording tor daimch ovigtraingsaid capltiag in electridally eomdustived
dendrites are from about 10%to about 90% by wei ght of said
structure. 27. A structure according to claim1, wherein said

pol ymeri c jgat e.rﬁ' ﬂudlﬁe §€c|o?cﬁﬁ§9) élﬁ?ln& .tf{iﬁher includin Qqumt,Cﬁﬂg\lié&d%J‘ﬂn&’ fa
pol yi m de, a siloxane, a polyrm de- Qi oxane, ar epoxy, and a bl o-

based pol yner emgiefie giycolS. A structure according to claima8, wherein
said coating forns a netallurgical bond to said first and said
second surfaces.

33. A structure according to claim 6, further including a solvent, and a ‘no-clean’ flux

containing a low residue, halogen-free activator.

34, A structure according to claim 6, wherein said polymeric material is a solvent-free

thermoset adhesive.

35. A structure according to claim 6, wherein said polymeric material is a soluble

€pOXYy.

36. A structure according to claim 35, wherein said soluble epoxy is selected from the

group consisting of a ketal and a acetal diepoxide.
37. A structure comprising:
a plurality of copper dendrites;

said dendrites having a central Cu portion and branched filaments projecting

away from said central portion; and
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- 15 - 29. A structure according to claim 8, wherein said first and

sai d second surfaces—are el ectrically conducti ng. 30. A

struc claim1l1, wherein said coating is electrically
condugm%m[ E@ﬂmﬁ structure according to claim1, further including a
sol vent yT I and et hyl ene gl ycol . 32. A structure
according to claim 1, further including & solvent, and a 'no-clean' flux
containing a | ow residue, halogen-free activator. 33. A structure
according to claim 1, wherein said polynmeric material is a solvent-free

t her nroset adhesi ve. 34. A structure according to claim1l1, wherein

sai d pol ymeric rsaidedendtitds hafe & Bkt RbRin@RAEYfirst potten of said déldiikstaade accordi ng
to claim34, wherein said soluble epoxy is selected from the group

consi sting of a RS COBHRE en asePad P@!‘Uep@ﬂ%deﬂd%: said firspcaatingds Sn end
conprisi ng. aid seco C%%l éstayftirgt laﬁeg%ggg rogﬁgiﬁ éﬁ;fe? fiendnttf' and a tolegﬁrn g

dendrites havi ng a centra por an I [Jament s pr 0]

away from of 1f ®h@aidesi lagdr. portion; and said dendrites have a
first coating on a first portion of said dendrites and a second

coating on a second portion of said dendrites, said first coating is Sn and

sai d second .
38. A method comprising the steps of:

disposing a platable surface in contact with a first plating solution;
growing dendrites on said surface from said plating solution; and

forming on a first portion of said dendrites a first coating and forming on a

second portion of said dendrites a second coating to form coated dendrites.

39. A method according to claim 38, wherein said first plating solution is an

electroplating solution.

40. A method according to claim 38, wherein said second plating solution is selected
from the group consisting of an electroless plating solution and an immersion

plating solution and an electroplating solution.

4]1. A method according to claim 38, wherein said platable surface is electricaliy

conductive.

42. A method according to claim 38, further including removal of said dendrites with

said electrically conductive coating thereon from said surface.
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In on said Sn | ayer. 37. A net hod conprising the steps of T
di sposing a platable surface in contact with a first plat |”‘ﬂ"ﬂ

-16- growi ng dendrites on said surface fromsaid (m'ﬂ,mrm“mg
and forming on a first portion of said dendrites”a firkt oa

and formng on a second portion aof jgaid dendrites a second coating
to form coated dendrites. 38. A nmet hod according to claim 37, wherein
said first plating solution is an electroplating sol ution. 39.

A et hodacco%gl ng, to tﬁ (ﬂl m 37, wherein said second plating solution is
selected fro Ph&CcgFding,toclaim; 38y Wﬁﬂe’ﬂfsa%ﬁlrﬁeé?%@f haYecks eentyal portign

solution and an i MEEShORd ?ﬁdn@g dikd Lo id @ﬁl il .ectroplating
sol uti on. 40. A et h%’ accor ‘?r}géto&c %Ilnl%al 7 Wrﬁ’r eclﬁln sai d pl atable
surface is electrically conducti ve. 41. A net hod according to
claim37, further including renoval of" said dendrites with said

el ectrical | y 4¢0ndalaiidth®d sedidinpQo clag ap,wHetediddiditeb 6fiemaviag comgrises shaving
met hod according to claim37, wherein said dendrites have a central portion

and br ancifididsngrites ram &3id swifacAg away fromsaid central portion.
43. A nmethod according to claim4l, wherein said step of renoving
conpri ses shaving said dendrites fromsaid surface.

45. A method according to claim 38, wherein said dendrites are formed from an

electrically conductive material.

46. A method according to claim 45, wherein said electrically conductive material is

selected from the group consisting of Cu, Pd, Pt, Ni, Ag, and Au.

47. A method according to claim 38, wherein said coating is electrically conductive

and is formed by immersing said dendrites in a second plating solution.

43. A method according to claim 47, wherein said second plating solution is an

electroplating solution.

49. A method according to claim 47, wherein said second plating solution is selected
from the group consisting of an electroless plating solution and an immersion

plating solution.

50. A method according to claim 38, wherein when said surface is exposed to said
first plating solution; a first voltage is applied to said surface to plate said

dendrites on said surface; and when said dendrites are exposed to said second
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44. A nmet hod according to claim 37, wherein said dendf%%—es—are-—f—oxﬂed_
froman electrically conductive material . A net hod
according to claimd44, wherein said electrically conductleuﬂmnﬁ”uu ”",
selected fromthe group consisting of Cu, Pd, Pt, N, Ag,

A met hod according to claim 37, wherein said coat | ng is el ectri cal f
conductive and is forrred by i mmergbng said dendrites in a second
pl ati ng sol ution. 47. A method according to claim 46, wherein said
second plating solution is an el ectropl ati ng sol ution.

-17- 48. A nmet hod according to claim46, wherein said second plating
sol ution is sel eplatiog $oletion a second vdltfage iyrappliedcossid slendrifepto plateshidoptingss

pl ati ng sol ution and oer si on plating sol ution. 49. A

met hod accor di ng°% 631925‘?%357 wherein when said surface is exposed to said

first plating solution; a first voltage is applied to said surface
to plate said dendrites on sai d surface; and when said dendrites

are exposed §y0 SR Lom6s 2adrdh {a MmSR, Whieh sgldsfﬁ'gtoé?:gnn%xs selected ol 1

applied to e safd coating on sal rites

A net hod aCCOf di @%ub@ox@s'isﬁhgbﬁgn,zﬁmﬁaml’&ahd afnursstandmmreagsm semindct ed from
t he group consisting of Sn, Zn, In, Bi, Pb, Au, and Sb and wherein

said second coat cqagmggs aadlfferem mategia} gelected {TofR he QP copFistingaf S &y [he gr oup
consi sting of Sn i,n %H Pb, Au and Sb. 51. A nmet hod according to
claim4l, wher ei $ fornmed from said coated dendri tes.

52. A method according to claim 42, wherein a powder is formed from said coated

dendrites.

53. A method according to claim 52 further including adding said coated dendrites

to a polymeric material to form a paste.

54. A method according to claim 53 further including a solvent, butyric acid, ethylene

glycol, and ‘no-clean’ flux to form a paste.

55. A method according to claim 53, wherein said polymeric material is selected from
the group consisting of polyimides, siloxanes, polyimide-siloxanes, epoxies,

bio-based resins made from lignin, cellulose, wood oils and crop oils.

'56. A method according to claim 53, wherein said paste is disposed between a first

and second electrically conductive surface.
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52. A nmet hod according to claim51 further including adding said coated —
dendrites to a polyneric material to forma paste,_/%?“'/

A
nmet hod according to claimb52 further including a solvent, but.yr ; \\\“\
et hyl ene glycol, and 'no-clean’ flux to forma pastﬁ“{“&%ﬂ“\ m‘
met hod according to claim52, wherein said polyneric materi el ect éd ”

fromthe group consisting of polyiLmgles, sil oxanes,

pol yi m de-si | oxanes, epoxies, bio-based resins made fromlignin,
cellul ose, wood oils and crop oils. 55. A met hod according to claim
52, wherein said paste is disposed between a first and second

el ectri cal | YeonduBpthod 2eeprding do claingh, wherejy seit firstielecericsnronyluctvecsuafans 55,
wherein said firgl, gligg{ngh&%&ﬁ’iag gﬁ‘gg”ﬁb 'se\ég?fkﬁgtﬁga%:gﬁmﬁ]cﬁve surface g p

contact |ocation an d secon ricalty con ive surface’is a
substrate sulstrateahtdcORBitioAN.

- 18 - 57. A net hod according to claim55, wherein said first

el ectrically conducting surface is a liquid crystal display panel

contact | ocafion,and.said second,electrically. ductiv . _surface is
2 Chip carr 8 1 ATBAR aScop e isisim Socghien' e {iHARIcK i conongine et m 55
wherein sai d pasig Hqﬁxi&‘@@%ﬁﬂdi‘sﬂa{i‘g&ﬂe‘i Sdntd® MR81iGH sHcCsaldPsecond electridaige sai d
coating on adjacent dendrites. 9. A met hod according to claimb55,
wher ei n sai d pastadustivesatfeck @ chips@crierdapedegstloedtione sufficient to
cure said pol yner. 60. A nmet hod conprising the steps of:

59. A method according to claim 56, wherein said paste is heated to a first

temperature to fuse said coating on adjacent dendrites.

60. A method according to claim 56, wherein said paste is heated to a second

temperature sufficient to cure said polymer.
61. A method comprising the steps of:
growing dendrites on a surface;

coating said dendrites with a first coating on a first portion of said dendrite and
with a second coating on a second portion of said dendrites to form coated

dendrites;
removing said coated dendrites from said surface.

62. A method according to claim 61, wherein said first coating and said second

coating are electrically conductive.
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dendrites on surface; coating said dendrites with a
f| rst I‘ﬂ"lm' t portion of said dendrite and with a second
coatin t| on of said dendrites to formcoated dendrites;

renovi ng sai d coated dendrites from said surface; and embeddi ng
said coated dendrites within a polynmeric material. 61. A net hod -
according to claim®60, wherein said first coatl ng and said second coating
are el ectrically conductive. 62. - 2laA-met hod accor di ng to claim
52, wherein said polyneric material is a soluble epoxy. 63. A et hod
accor di ng to cI aim62, wherein said soluble epoxy is selected fromthe
group - cofsmethpg goeonding keelaim $hwhareinceidapolymasisandtedal is agaluble A

met hod accordl ng, IS@ claim 63, wherein said coated dendrites are di spersed
bet ween a st and a second el ectrical l y conductive surface. 65.
A et hod according to claim 37, wherein said first coating and sai d second
coating are el ectri cal | y conducti ve.

- 19 - 66. 64. AAmethod aeamdingi'tmgaitxosx I“abneinfmid solmblelopoxy isctlacted from thel vent ,
butyric acid and_ethyl ene A nmet hod according to

claim60, furt he?r‘ﬁuﬁé’f’ﬂﬁﬁ% "Sa%‘ﬁ?a\'/g?f{a acqta) déFPO’H% clean' flux

containing a | ow resi due, hal ogen-free activator.

65. A method according to claim 64, wherein said coated dendrites are dispersed

between a first and a second electrically conductive surface.

66. A method according to claim 38, wherein said first coating and said second

coating are electrically conductive,

67. A method according to claim 61, further including a solvent, butyric acid and

ethylene glycol.

68. A method according to claim 61, further including a solvent, and a ‘non-clean’

flux containing a low residue, halogen-free activator.

69. A method according to claim 61, further including a polymeric material is a

solvent-free thermoset adhesive.

70. A method according to claim 69, wherein said polymeric material is a soluble

€pOXY.

71. A method according to claim 70, wherein said soluble epoxy is selected from the

group consisting of a ketal and a acetal diepoxide.
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A met hod according to claim60, further including a polyneric
materl a!’ﬂ nt-free t her noset adhesi ve. 69. A net hod
accordl szy i@m”ﬁnerei n said polyneric material is a sol uble epoxy.

A mét he g to claim®69, wherein said soluble epoxy is
selected from the grolp ' consisting of a ketal and a acetal
di epoxi de. 71. A net hod conprising the_steps of: di sposing a
pl at abl e surface in contact with a first Tl 23t 7 ng sol ution; sai d
surface is Sn on a substrate; grow ng Cu dendrites on said
pl at abl e sug, %ace fro ald Qlatlngwsolutlon and formng on said
dendrites a’toat®™i¥ ?CBWFSH’& gfeRefarit es: form ng on exposed
surfaces of said Cu dendrites an Sn_| ayer and on said Sn | ayer an In
| ayer; removing said dendrites fromsaid substrate form ng a
dendritic Cdispasind £ pRt41/$ufhcdin contact withlal firkt ;ﬂé’tixig's@&n@ﬁat ed with Sn and a
second portion coated with a layer of In over Sn. A net hod
conprising the steps of: di sposing a pl at abI e surface in contact

with a first plating solution; said surface is Sn on a substrate;
said surface is Sn on a substrate;

growing Cu dendrites on said platable surface from said plating solution; and
forming on said dendrites a coating to form coated dendrites;

forming on exposed surfaces of said Cu dendrites an Sn layer and on said Sn layer an

In layer;

removing said dendrites from said substrate forming a dendgitic Cu particle having a

first portion coated with Sn and a second portion coated with a layer of In over Sn.
73. A method comprising the steps of:

disposing a platable surface in contact with a first plating solution;

said surface is Sn on a substrate;

growing Cu dendrites on said platable surface from said plating solution; and

forming on said dendrites a coating to form coated dendrites;
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growi ng-Cu dendrites on said platable surface fromsaid

platln qmﬂ”m] formng on said dendrites a coating to form
coat ed ﬂiﬂ form ng on exposed surfaces of said Cu dendrites
a Sn- Bi oy" | dyers; * renoving said dendrites fromsaid substrate
formng a dendritic Cu particle having a first portion coated-with
Sn and a second portion coated with a lgyer of a Sn-Bi alloy. 73. A
nmet hod substantially as described hereinbefore with reference to Figs. 3-6
of the acconpanyi ng draw ngs. 74. A structure substantially as

descri bed hereinbefore with reference to Figs. 3-6 of the
acconpanyi rfgrmgiinganreypased surfaces of said Cu dendrites a Sn-Bi alloy layer;

removing said dendrites from said substrate forming a dendritic Cu particle having a

first portion coated with Sn and a second portion coated with a layer of a Sn-Bi alloy.
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