Thermally Conductive Adhesive Composition and Process for Device
Attachment Technical Field of the Invention The present invention relates
to the use of conductive adhesives for fabrication of electronic
assemblies. More specifically it relates to materials, methods and
assemblies for the fabrication of electronics containing devices requmng
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In the prior art, die attachment adhesives generally comprised a silver flake or powder
dispersed in a curable resin, such as an epoxy. However, such prior-art adhesives have thermal
conductivifies unsuitable for devices that dissipate large amounts of heat. Additionally, the
prior art adhesives often have poor mechanical properties. Another disadvantage is that some
prior art adhesives comtain solvents to maintain low viscosity. During cure, such solvents have
a propensity to form voids, requiring a long bake-out operation to drive off the solvent prior to
cure. This adds time and cost to the overall cure process. Another shertcoming is that
adhesives generally have unstable contact resistance after environmental aging. Heat and
humidity also tends to reduce adhesion of conductive adhesives. Moisture absorption of

conductive adhesives can lead to delamination faitures during printed circuit assembly.



conductive adhesives can lead to delamination failures during printed

circuit assembly. 1 Few prior-art die attachment adhesives have the

thermal conductivity suitable for use with high power devices. As a result,

solder bonding is often the preferred method. Solders have the
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coPRAHEIIaR Han.edbesieRasies. In addition, many die attachment solders
contain lead, which is not desirable due to environmental concerns. The
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There is clearly a need for a new composition that provides the best advantages of both
soider and conductive adhesive, There is a need for a conductive adhesive that forms
metalinrgical bonds with the devices being bonded. There is also a need for an adhesive with
significantly more thermal conductivity than is currently possible with silver powder-resin
compositions while retaining high mechanical strength. There is a need for a bonding material
that hardens when used so that it does not remelt at elevated temperatures. There is also a need
for a bonding material that has high thermal conductivity yet can be dispensed in paste form,
without solvents, rather than preforms. There is also a need for a bonding material that is lead-
free. There is, furthermore, a need for a conductive adhesive that does not suffer delamination,

reduced adhesion, or conductivity after aging, humidity exposurs, etc.
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compositions while retaining high mechanical strength. There is a need for

a bonding material that hardens when used so that it does not remelt at

elevated temperatures. There is also a need for a bonding material that

,has high thermal conductivity yet can be dispensed in paste form, without
Bri rms. There is also a need for a bonding material

that is Iead free. There is, furthermore, a need for a conductive adhesive
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aspect, ere IS prow erma Iy v conductive adhesive composition
adgeweidoofriegitivecsolpenisgand suitable for attaching semiconductor die to

a substrate, the adhesive composition comprising: a) a powder of a high
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or metal alloy; and c) a thermally curable adhesive flux composition that is
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B Wheréin' R Comprises a moiety havm one or more
polymerizable carbon- carbon double bonds and (ii) an inerting agent to
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property that;bwindnub&abedddirstuhelts and then hardens, and after
hardening will not remelt if elevated to the temperature at which the
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electronic assembly comprising an electronic device and a substrate
bonded by'&RfaTEE. tHERAFANE cBfd DetiecadnRIsivBUX§2dd AR dRrst: thereby

devoid of f@ﬁiﬂﬂ%ﬁ@é"tﬁ@ﬁ%@@%?@@eﬁﬂw -remove flux residues; and

(iiiy  a diluent that is capable of polymerizing with the fluxing agent’s
polymerizable carbon-carbon double bonds and comprising an acrylate,
wherein the adhesive has a property that, when heated, first melts and then
hardens, and afier hardening will not remelt if elevated to the temperature

at which the adhesive first melted.

The disclosed subject matter 1s also drawn to an electronic assembly comprising
an electronic device and a substrate bonded by a sintered thermally conductive adhesive,

said adhesive devoid of fugitive solvents and comprising:
a) apowder of a high melting point metal or metal alioy;
b) a powder of a low melting point metal or metal alloy; and

c) athermally curable adhesive flux composition that is comprised of:
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a) a powder of a high melting point metal or metal alloy; b) a powder of a
low melting point metal or metal alloy; and c) a thermally curable adhesive
flux composition that is comprised of: 3 (i) a polymerizable fluxing agent;

(ii) an inerting agent tg react with the fluxing agent at elevated
tempBratufeP OFERGEAMY TR HBE A%z able fluxing agent inert. In a

preferred embodiment, the thermally conductive adhesive composition
furthén comprisesiogegmmoreednypontrtsiselegtegkfitom dke gEdupmperature,
consisting of: ource of free radical initiators; (b) a curable resin; (c)
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fluxing agents; and (d) an accelerator to increase the rate of reaction. In a
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conductive adhesive, said esive devoid of fugitive solvents and
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agenet‘;ic(tﬁ?%n inerting agent to react with the fluxing agent at elevated
temperature, rendering the polymerizable fluxing agent inert, thereby
elimifatinggthedheskbeor Hieeniisg o redadvanflalcstsidaesssamitliil) @aipusinte a

sertfidligcanable Rirelymerizingavith the,flux @96@%@&9@%@%@9&5 conductive

carbon-carbon double bonds and comprising an acrylate, the adhesive

adiitsiiagsahropesiyeharoiline dusdate ao gt nisidscamar tag Aarduredened a high
medfier fardening w_llmalr@m?; i eleyated:tathe temparaturs.at which dheetal
11ad_heswe first melted, the adhesive; and the electronic assembly formed
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pohendablgestfeie; andhdispensing:ihe iaventive tREMaly eaNULGLVE agent at
| adthgsive on a bondabl(? surfacg of orlle of, the substrate or electronic
eleyaled temperature, renderng  the po vmerizable fluxing agent mert, thereby
eliminating the need for cleaning to remove flux residues; and iii) a diluent that is capable
of polymerizing with the flux agent’s polymerizable carbon-carbon double bonds and
comprising an acrylate, the adhesive having a property that, when heated, first melts and
then hardens, and after hardening will not remelt if elevated to the temperature at which
the adhesive first melted, the adhesive; and the electronic assembly formed by: obtaining
an electronic device, such as a silicon die, with at least one bondable surface; and

dispensing the inventive thermally conductive adhesive on a bondable surface of one of

the subsirate or electronic device.
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Furthermore, the disclosed subject matter is directed to a method of
attaching an electronic device to a substrate comprising the steps of: (a)
obtaining an electronic device with at least one bondable surface; (b)
obtaining a substrate with a corresponding bgndable surface;éc) : i
disp%wg%wwfﬁetﬂmﬁﬁ%ﬁ@aamfétdaﬁ%%m Grreise Br bBtRRAd1RE attaching an
elebendalle isurfacas atthe-supsisiie b elgatiamic device, said adhesive
devoid of fugitive solvents and comprising: (i) a powder of a high melting
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metal ~and (li1) a therm e adhesive flux composition that is
comprised of: (A) a polymerizable fluxing agent; (B) an inerting agent to
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assembly; (e) heating the combined assembly to an elevated temperature,
therebly crasisig theprpavgder of the low melting point metal or metal alloy

to liquefy; () allowing the liquefied low melting point metal or metal alloy to

sintgpwith theyWhighomeliiog Reinh geiak alemetalalay And.the inerting
agent to react with the fluxing agent, rendering the fluxing agent inert; (g)

polymerizing the,fluxing agent, and_ (h) allowing the assembly to cool. 4 In
a thiﬁé?aspg%t?‘?ﬁéefé) %%%%‘.%%H% (é 25{] ' tg\?lg ta&%?}la?g)%edﬁ%él(conductor
die device to a substrate comprising the steps of. (a) obtaining an
electibhic débreaalitrcutaplgadbaevedudaprannsifarehe ) otstapriigdeot
substrate with a corresponding bondable surface; (c) dispensing a

thermally conductiveadhesiveonemneepbath of the bondable surfaces of

(B)  an inerting agent to react with the fluxing agent at elevated

temperature, rendering the polymerizable fluxing agent inert;

(d) placing the electronic device on- the substrate so the bondable surface of the
electronic device is mated with the bonding surface of the substrate, thereby

forming a combined assembly;

(e) heating the combined assembly to an elevated temperature, thereby causing the

powder of the low melting point metal or metal alloy to liquefy;

(f) allowing the liquefied low melting point metal or metal alloy to sinter with the
high melting point metal or metal alloy and the inerting agent to react with the

fluxing agent, rendering the fluxing agent inert;
(g) polymerizing the fluxing agent; and

(h) allowing the assembly to cool.



the substrate or electronic device, said adhesive devoid of fugitive

solvents and comprising (i) a powder of a high melting point metal or

metal alloy; (ii) a powder of a low melting point metal or metal alloy; and
In g% a thermal curable adhesive flux compasition that is comprised of: (A)
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fluxing agent inert; (g) polymerizing the fluxing agent; and (h) aliowing the assembly to

cool.
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mount (SMT) manufacturing. The invention further comprises an
electronic assembly employing inventive adhesive compositions for
improved thermal dissipation. The compositions of the present invention
are free of fugitive solvents and comprise a) a powder of a relatively high
melting point metal or metal alloy; b) a powder of a relatively low melting
point metal or metal alloy; and c) a thermally curable adhesive flux

DM gsmqn that LComprises: (i) a polymerizable fluxing agent; (ii) an
—rrrerﬁ'rg—a&@ﬂ%@%'ﬂ%’ e fluxing agent at elevated temperature,
rendering the polymerizable fluxing agent inert. The thermally curable
adh &G REmBbasartsstishafihe orpsis dey ehtiee fatidineriurgical bonds to
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facilitating the removal of oxides from the surfaces of the metal powders
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the heating process is continued, the liquid phase and the high melting
EOire poetiisafeaetatingyiddtharesivallyealidifytal or metal alloy;

b) a powder of a relatively low melting point metal or metal alloy; and
¢) & thermally curable adhesive flux composition that comprises:
@ a polymerizable fluxing agent;

()  an inerting agent to react with the fluxing agent at elevated temperaiure,

rendering the polymerizabie fluxing agent inert.

The thermally curable adhesive flux composition optionally comprises these additional

components:

(i) a fluxing agent represented by the formula RCOOH wherein R comprises a

moiety having one or more polymerizable carbon-carbon double bonds;

(i)  adilvent that is capable of polymerizing with the fluxing agent’s polymerizable

carbon-carbon double bonds;

(itl)  a source of free radical initiators;



through a process known in the art as liquid-phase sintering. The heating
process also serves to neutralize the fluxing components in the resin so
that the components become non-corrosive and chemically stable. Unlike
prior art compositions, such as described in US Patent 5,376,403, this
mawg;curalgﬁ;%% 1,glslilﬁi_ng or after the sintering of the metals. After the
sintéring process occurs, the heat causes the thermally curable adhesive
flux G mp%%i}tiqlnlg% ol n}eELzae,_ forming a hard intractable binder. Heating
is done by either contmuous e B Protastbding Afrfsnfyralledsins or fluxing
soldering 88#¥susing simple isothermal processing methods. Preferably,
the primary inventive fluxing agent in these compositions integrate within a
singlé)molstedeskarboxylicacid feoups tiaspreaddenthe fluxing action for
the soldering process without need of corrosive ions or halogens, and
polymerizable carbon-carbon double bonds that can polymerize upon
application of heat, to form a high-strength solid adhesive polymer. This is
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commonly used in soldering or by using simple isothermal processing methods.

Preferably, the primary inventive fluxing agent in these compositions integrate within a
single molecule carboxylic acid groups that provide the fluxing action for the soldering process
without need of corrosive ions or halogens, and polymerizable carbon-carbon double bonds
that can polymerize upon application of heat, to form a high-strength solid adhesive polymer,
This is accomplished without generating gases, water, or other harmful by-products. An
inerting or neutralizing agent is included to react during heating with the flux acid groups and
any flux residuss. As a consequence, after the thermally curable adhesive composition is
cured, the flux residues do not need to be washed away or removed sincs they are inert and

non-corrosive.

Solvents are not required as the thermally curable adhesive flux composition itself can

comprise a relatively low-viscosity liguid. By incorporating low-viscosity fluxing agents,



conductivity applications, such as silicon die attachment, had been
previously stymied by the microvoids created in the adhesives of the prior
rt during)ﬁge curing process. Voids cause the bonds formed to weaken

2004 - ' j
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bond has been achieved for the first time.

1. Fluxing Agents

Fluxing agents normally comprise carboxylic acid moieties or precursors of such
moieties. The preferred flux comprises carboxylic acid moieties. The most preferred fluxing
agent has the structure RCOOH, wherein R comprises a moiety which include a readily
polymerizable carbon--carbon double bond, where R does not provide chemical protection to
the fluxing group COOH. The fluxing agents of the present invention exhibit flux activities
that are superior to that of prior art, polymer-fluxing agent mixtures. Since the inventive
fluxing agents are intrinsically self-crosslinking, the thermally curable adhesive compaosition
does not require the use of epoxy resins for crosslinking, although the epoxy resing may be

added for neutralization of the acid.



the reaction by-products of flux deoxidization of the metals are chemically
bound in the polymer matrix. Carboxylic acids function well as fluxing
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substitte valren o mine: Tﬂas@géﬂttfssmv@ﬁéwsm@ eRveUHlii et He bonds, not
poslisiBical-qetestion, as in the prior art. Therefore, the flux activity can be
kept very high without concern about pre-maturely crosslinking the flux.

With the preferred fluxing agent, the principal polymerization occurs at the carbomn-
carbon double bonds existing in the fluxing agent molecule, not at the carboxylic acid moiety.
This is a distinct advantage over the prior art, wherein the polymerization cccurs at the
carboxylic acid moiety. The carboxylic acid of the inventive flux does not polymerize with the
carbon-carbon double bonds. Therefore, on its own, in the absence of other components that
can react with the carboxylic acid, the mmventive fluxing agent does not oligomerize or
polymetize at ambient temperatures. It is only at elevated temperatures that the double bonds
begin to open and react with other double bonds to crosslink. Thus, premature polymerization,
which is typical of the prior art, does not occur in the inventive flux. The result is that the
inventive flux requires no chemical protection, as in the prior art. Therefore, the flux activity

can be kept very high without concern about pre-maturely crosshinking the flux.



8 WO 2004/090942 PCT/US2004/009886 A preferred embodiment of the
most preferred fluxing agent has an acrylic or methacrylic moiety that is
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for%gﬁglﬂgl{glggg% Spotentlally corrosive residues. Epoxides are
particularly suitable for this purpose, though others, such as cyanate

estezr%hcg.n a};so Qeutrallze the carboxylic acid function. The reaction
be tween—eﬁox%es and carboxylic acids is well known to those skilled in
the art., To ensure complete neutralization, a stoichiometric equivalent or
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ertl e ncentalon in the inventive flux should be stoichiometric,
fun&iona 1% p %,mcnona Exqm or sof% ?\P —I?m%:{ng examples of preferred mertmg

agents include one or more components selected from the group consisting of bisphenol A
diglycidyl ether, bisphenol F diglycidy! ether, 1,4-cyclohexanedimethanol diglycidyl ether,
3,4~epoxycyclohexylmethyl  3,4-epoxyeyclohexanecarboxylate, N,N-diglycidyl-4-glycidyl-
oxyaniline, glycidyl pheny! ether, glycidyl 4-methoxyphenyl ether, epoxy propyl benzene and

mixtures thereof. These are all commercially available.

The inerting agent concentration in the inventive flux should be stoichiometric, or
somewhat in excess of stoichiometric, with the carboxylic acid component in order to inert all
of the acid during curing of the inventive conductive adhesives. Too high a concentration of
inerting agent may cause excessive polymerization, which will limit sintering of the metals,
whereas {oo low a concentration may leave unreacted pendant acid groups after cure, which are

COrrosive.



somewhat in excess of stoichiometric, with the carboxylic acid component
in order to inert all of the acid during curing of the inventive conductive
adhesives. Too high a concentration of inerting agent may gause
W x%:oel}éfé}ig\?é’"%olymerization, which will limit sintering of the meRtg s’!}Jszv FEEESE
too l_? as.csoncentration may leave unreacted pendant acid groups after
cure—%ﬁ%' are corrosive. 9 WO 2004/090942 PCT/1JS2004/009886 3.
Resins The thermally curable fluxing composition does not typically
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employed So long as concentrations are kept relatively low. The resin .
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._examples.of re ins t a]t m%ﬁ,\tt se regst%irements include materials
ngec?es gn erfng 0 ﬁ:lle meials m e a S1VE i_) S, . .
elected” frém the group consisting of epoxies, phenolics, novalacs (both

phenolic and cre§olicl), polyurethanes, polyimides, bismaleimides,
malSITENRG SHERE ESHrE S B R MCAI TR SR syaktErudpaterials selected
frqoo fher easu P refeividak resirgareh ddandierialselect@difr arhetiodigroidperesolic),

pom%@g QhfphenslhdigvgidyleHaes USPORRR, FAG AW GV  Liconois,
,4-cyclohexanedimethanol =
polyesters, and polyureas. Preferred resins inciude materials selected from the group consisting

of bisphenol A diglycidy!l ether, bispheno! F diglycidy! ether, 1,4-cyclohexanedimethanol
diglycidyl ether, 3,4-epoxycyclohexylmethy! 3.4-epoxveovelohexanecarboxylate, N, N-

diglycidyl-4-glycidyt-oxyaniline, and mixtures thereof. These are commescially available.

I is also beneficial to include crosslinking agents when resins are used in the inventive
compositions. Crosslinking agents are well established in the prior art. Examples of
crosslinking agents include anhydrides and carboxyl-functionalized polyesters. The addition of
such materials facilitates the crosslinking reaction of the resin. Examples of suitable anhydride
crosslinking agents include one ot more components selected from the group consisting of, but
not limited to tetrahydrophthalic anhydride, hexahydro phthalic anhydride, nadic methyl
anhydride, 4-methylhexahydrophthalic anhydride, and methyltetrahydrophthalic anhydride, All

are commercially available,
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diglycidyl ether, 3,4-epoxycyclohexylmethyl
3,4-epoxycyclohexanecarboxylate, N,N- diglycidyl-4-glycidyl-oxyaniline,
and mixtures thereof. These are commercially available. It is also
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(thasehianstenste kodbrennes e Gsedybesttant.crosslinking during thermal

cure. Examples of suitable accelerators include imidazole and its

derivatives, dicyandiamide and biguanide derivatives as well as tertiary

amines such as benzyldimethylamine or

1,8-diagaeylo[5.4.0lundec-7-ene. Alternatively, transition metal

acetylacetonates may also be used to accelerate the rate of reaction
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* adhesive co mégé%%bn%ﬁiﬁgt cgﬂf? rﬁ%ﬁ %S%Bﬂ%ﬁ%‘i?& C%lg |8ﬁﬁg?eassgclawd

Ve SifaBiioto o O RREREE i SRRl Bropered Hlgbodsidesion, or more
coforeouesithisiifoacdenpligheatiing ut the HensraLODIMEMAIIEs-Hexanediol

Dixﬁ'é%‘ﬁz%lriﬁléing,g mﬁ?éyﬁ%gy%%ﬁﬁ%&% &gf%?d Trimethylolpropane Trimethacrylate,
Ethoxylated Bisphenol Diacrylate and mixtures thereof. Most di and tri-functionalized acrylate
resing with low viscosity, well known fo those skilled in the art, are suiteble for this purpose.
Other double bond containing compounds, many of which are commercially available,
including, for example, diallyl phthalate and divinyl benzene can also be used. Hydrophobic
diluents as described are preferred but hydrophilic diluenis can also be employed when

appropriate.

One benefit of employing hydrophobic diluents is that their presence tends to reduce
the amount of water that the cured adhesive composition will absorh. The reason is that the
fluxing agent, when crossiinked, will have active carboxylic groups that can atiract water, even
though these carboxylic groups, being part of a network, are immobile, Water acts as a

plasticizer, which softens the cured adhesive composition. The use of hydrophobic diluents that
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with the prior art. Non-limiting examples of preferred diluents include one
or more components selected from the group consisting of
d|oI Diacrylate, |,6-Hexanediol Dimethacrylate, .
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esive mposmon can %e’cure%pusmglﬁeaat al6he, the cross linking
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Thermally Curable Adhesive Flux Composition Relative Concentrations

In preparing the thermally curable adhbesive flux composition, the proportions of each
of the components may be varied over a considerable range and still yield acceptable fluxing
activity as well as good pest cured material properties. Preferably, the thermally curable
adhesive flux composition employed does not produce gaseous byproducts that result in the
formation of bubbles in the final cured composition. This is achieved with thermally curabie

compositions formulated as follows:

a) Fluxing agent comprising about 15%-65% (wt) of the thermally curable adhesive flux

composition;

b} Inerting agent comprising about 10%-55% (wit} of the thermally curable adhesive flux

composition;



radiation, or other conventional energizing sources. Introduction of an
appropriate free-radical initiator accelerates the onset of crosslinking to

the desired moment in a solder reflow or isothermal curing oRer
WO 20047090942 4/06‘)886
présence of a small amount of free-radical crosslinking initiator In

. i

crosslinking ng agen rng
StrERepiBSion of the composition to the substrates upon curing.
Thermally Curable Adhesive Flux Composition Relative Concentrations In
d) gressaridigaieitaomaetiyrtirableadie sk ot drafesitian, heoRBEIRE Sux

Cﬁoﬂﬁﬁﬁtﬁﬁ“’ﬁeﬁ@éﬂ%&@@@n@@éf@@% ried que n?ofé%%%@%%?} PB Sa! @83@" g 4%

|II able fluxing _activity as ‘well as good post ¢ material

el A Ig}gf PR (S "ae?m’ﬁweb‘fﬁ‘ﬁﬂ?éﬂﬁ’&heswe flux composition
employed does not produce eous byproducts that result in the
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thermally curable compositions formulated as follows: a) Fluxing agent

f) dorerstiskinsatssats 1898650 (R7)-06F thévtberfally turablly adivésivedisdve flux
compesitianai) Inerting agent comprising about 10%-55% (wt) of the
thermally curable adhesive flux composition; 12 WO 2004/090942
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thermally curable esive flux compdsition; ree ra itiator

comgr. bout 2% the | thermal curable adhesive flux
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o a,I})Ie adh ive gléx comp ositi rossjlnkl % §i;ents comprising
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erato comprising 0- 1% of the thermally curable adhesive flux
8§tlf?5 erably, the thérmally curable polymeric Tluxing composition after being cured

has a glass transition temperature in excess of 100°C, relatively low coefficient of thermal
expansion (100 ppm/°C or less) and moisture uptake of less than 3%. While, again, some of the
fluxing agents within these ranges exhibit high coefficient of thermal expansion or low glass
transition temperature when cured, the compositions remain useful zs fluxing resins in

applications where these characteristics are not critical.
Metal Powders

The inventive adhesive compositions comprise a blend of high melting point and Jow
melting point metal or alloy powders. The preferred powders comprise round particles or
flakes. The methods of preparation of metal flake are well known to those skilled in the art.
The metal powders should comprise a range of sizes to improve packing density. In the
preferred adhesive compositions, the round particles have a maximum size of about 100
microns and, more preferably, are less than about 50 microns in size. Flakes may range from
about 1 to about 50 microns in size. The use of flakes below about 30 microns is preferred to
prevent the texture of the adhesive composition from becoming too coarse. Though it is well

known that oxide removal from fine metal powders is more difficult due to the higher surface
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Some of the thermally curable fluxing compositions within these ranges
may exhibit undesirably high moisture absorption, low glass transition

i iCi ansions after cured, but
th %’3?[%%5 S, or h'g.h coefﬂments of thermal exp . FCT/USZ(}M/OOSJSSG
even those compositions remain useful as fluxing compositions in

dhesiye. ¢ i here these characteristics are not critical. Most
areg’referably, g&%ﬁ%ﬁﬁ gulr%%efglﬁ%lﬂn??nme‘??g}ﬁ)&gin%r%osﬁw 6%15%% nﬁﬁblﬁ’oéﬁ’fﬁ’é’ ide
satsfearNads imeEHransition temperature in excess of 100C, relatively low

coefficient of thermal expansion (100 ppm/C or less) and moisture uptake
of ledBhiaideaable\wtilbysdainssbraippbthestiuxingiage nisbivithimenage melting

poﬁa@@eﬁ@xfﬁk&t&ﬁ@,@@@ﬁi&%ﬁ&ﬁﬁ&%ﬁm %&WQ&?E m¥¥59§§§1¢£@@§gﬁr{he

temperature when cured, the compositions remain useful as fluxing resins
= appiicatio AL TR e R ETor RS B DEHIER| TSP ORraEIS.
rhopieriiektyveobeh dsinesiirpositiond ebmpnsextbtenthiotdfighmetingreferred
highaidiand dow: meling.poighamesaler Alpy RRY g&@' HheP EEﬁ%f{c%ﬁj gowders are

owders comprise round particles or flakes. The methods of preparation
e AT P S PRHGTID U BSS St FARBIRE Phis ABealy produced
usippeadeisrsiiatitd wmmsmsm@@mmgb ﬂmpﬁig@ﬁﬁ@lﬁmﬂe RSifprifed of
a i@uRrefelRdiadNeRIYS CRMRRSItARS. b %gogﬁﬁ%%g%p%% s a hiﬁ% rilnetal

aximum size of about 100 microns and, more preferably, are less t _
toa lggu{l’SH}'ﬁﬁ’é%??’s"?n GPROF IR PRI G Aden [ bbigh 1herapoatd glectrical
condiictours. invBike thEheidisenob fl dkies hétovinabout 3@ miesans isfpfefediedite and

: Y] ifi ecoming t .
R L Wi

lefEhife S HitHieRIEYRS 46 trE R HsHngratdba SorptiieroBotieoresin,
maR@HigS 2804009886 varsayiheflthdng Aastvityiphifhadpventved o re-mlix the
iti r I Igh 10 provide satisfactory.oxide.r val., .
v LA AR R R R RS
of {iy I H SIANEe oM priraethop eB ravap I el tigrbave A g oot wetedat] of the total
popdwvdeniedaimaterial selected from the group consisting of copper, silver,
aluminum, nickel, gold, platinum, palladium, beryllium, rhodium, nickel,

cobakyisem-moly baanymiand alloye P bmii i dhareof e Mast ow melting
poigtrxerzgtgles% long as it has a melting point well below that of the high melting point powder.
The melting point is preferably about 50 °C or more below the melting point of the high
melting point powder. More preferably, the melting point is about 100 °C or more below the
melting point of the high melting point powder. Preferably, the low melting point metal
powder comprises one or more elements selected from the group consisting of Sn, Bi, Pb, Cd,
Zn, In, Te, Ti, Sb, Se and alloys, or mixtures thereof, However, in a preferred embodiment of
the current invention, the low melting point powder is comprised of a commercial solder
powder prepared from a combination of the metals listed, It is also preferred that the low
melting point powder have a liquidus temperature below 200 °C such that it melts prior to the
hardening or curing of the polymeric fluxing agent. Most preferably, the low melting point
alloy is lead-free. Typically, the solder powders used have particles sizes from about 1 to about
100 microns. Most commonly, the soider powder consists of a fype 3 (25-45 microns) size
distribution or higher. The low melting point powder comprises from about 10-90% by weight
of the adhesive powder mixturs, though more preferably about 30-50% by weight of the total
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high melting point metals are copper, silver, nickel and gold. When
spherical powders are used, it is preferred that the powders have smooth,

even mor hology, as is typically produced using gas atomi
WhEtREES Rost deswably, the high melting point powder is c%eng}é#é?g%m?gg%

ixture ofs heri r la & The use of spher al powder
po‘ggermlt%mf Righ't m%?’LIB ?né% mqfhe ad%“és’ir\l/eeﬁtg&n%dgﬁtl wa’ir%huisfg a large
congeiiiaisie REy ﬁ?gﬁlth@ﬁmr%%ﬁelleetﬁcal conductivity, while the addition of
flake helps |mprove the rheology of the adhesive and facilitates
a0 fpohdingiva Singuaeiticentional equipment used in the
fabrlcatlon of electronlc assemblies. It also serves to prevent settling of

the filléispasiialesdn shencesinusnainiaining henpompgeneaus BRI bIBeng
el need.to re-mix the material prior to
P O e B By Wy sty
m@ﬁéﬁm@% e SlsneRe th SagPIaera ,@t@émytesmwm@%wé ihwetvders
in iheretalapenetes mmlﬁ@mo%ysmr@b&@&almm@ matabialasiids of
r st elowm met long as it has a
P e R B R R R R e
mel point is preferab] out 50 C or more below the melting point of
the i?’g %ﬁ%‘ﬁ@ 5 %&Htﬂpgt%%fl RcPETBYaRe FAE AL R RE SOmPes Ui dfieh
shed ORIy Ieresetow therniettingepoiniohthe wighapaiting pethtdofide-shear
bioRIBEEABUA (HeoMEling OIS Al RN e, SOMBHEER PP AL Buder in

elements selected from the group conswﬂg& of Sn, B, Zn, In

the el adaesine, ATEiRRILY SPIEfX Pl ARt Mav&fﬁlshfabatétgr?emfmbbf 85-
2%rhpoedighent dfe theltadh@ntelmmmmﬂmbmm@mmmmdﬁmosnmn

pm@e%ar'mm 3gpmmercial sl ﬁete%?wg%tgh&%at%dﬁwﬁmﬂﬂp a0y rtsed

of the metals listed. It is also preferred that ow melt ot pow

R/ g R s p adageive ﬁatswcm?el%ch Thatst %ﬁmvarmeomt@ns are
geﬂemﬂiﬂpﬂ@e@iﬁt&lran@ afdhepialym esie:Higxifg a@@eﬁmwg)sh@t@teramynﬂge using
Iti P ly; older. powders used
R A e R S e T
adherive SRBPYEIRBR e sTeiably Brypalisains Y vitReibRs Far miistasieenigpes,
wehligher: Thedevsmeltingipaint powder comprises from about 10-90% by
weight of the adhesive powder mixture, though more preferably about

30-59 %0y weight of the total 14

Though the thermally-curable adhesive compositions of the present invention have
many uses, the adhesives are particularly well suited for attaching semiconductor die to
substraies, In particular, the high thermal conductivity of the adhesives makes them well suited
for bonding of semiconductor power devices to substrates, It is preferred that both the substrate
and the die be metallized to allow the solder or low-melting point alloy to form metallurgical
bonds. Such metallurgical bonds provide high strength and superior thermal and electrical

conductivity.

In the prior art, semiconductor power devices are commoniy bonded using solder.
However, since the alloys employed in the preferred inventive compositions have lower

melting points than prior-art die aftachment solders, an advantage of the inventive
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WO 2004/090942 PCT/US2004/009886 powder composition. When high
levels of low melting point alloy are used, a large concentration may
remain unsintered after cure. Preparation of the Adhesive Compaositions In
tﬁe(}ﬂ?ejﬁgrﬁnon of the conductive adhesive composition, the ﬁ)ﬁ%&%
coihe Ugngﬂ pom mtetal wder %e first blended to ensure a homogeneous
mixire. With the B}e i PAf p SRTEBYED &I SR s 18R rifEasHTures:
Fuﬁh@mwooﬁhqemmmlh@@mwr@mmthuss dueneihertigasesishndich
meﬁﬁfg)g@iﬂt ﬁl@§%%§l@é@t%fﬁ%%st%l%g@é'% o%ﬁl@?&%x@%‘t@&ﬂér%m This

ad‘?ﬁw er endln sucfl s shell bIen%@g are well known to those skilled

S TS ROh GBS e tRErEIR i alEPSTEE s o
Pﬁfﬁf@mlcwm@mb pleptighic sisesrhinixiig s regedsdriucngntereshgmofjgmidityhase
sm’c@rﬁlﬂﬁoﬁﬁ%ﬂﬁl@mﬁﬁﬁﬁ%s Admeihad: @iw'%}xﬁiﬁ@%rs&@agfp %Eﬂ%% %%@rt IS

double planetary mixing. The concentration of metal powder in “the final

adh@ﬁgvgiaseﬁy%mmﬁ@@m&r@g&lﬁp&%&? ﬁa{g NWGIGNE, bt mo r%sa suitable

preferably 85- 92% by weight of the total adhesive composition.

for Al W&é?l@%%%ﬁé’é?\fe %aw:zﬁa%ﬁ.ﬁrﬁm&i%ée&%@é@eez%%wate or both
hawweigmstlitzatore fardferaikaabnut 842584 hyrwright, 151@@@&3&&3@ Afithgon of

thetﬁﬁrfﬂ@l”é’s%@r@é@x?ﬁﬁﬁ%ﬁ(gsﬂ%y% il OEH&?E f}gé‘g WMicric component of

compasitions are generally paste-like an re typlca e for
thed‘r%?é‘ﬁ%ﬁwﬁdﬁ%b‘ﬁgﬁsd%%@éeu% pem%ée.%@seﬁgﬁ@e@wwﬁmmm a
silwpitlieke thepnede fdismaaddisalvenbld ketnativelysdhesadbesiVene inventive die
s e a siencil or screen printin
aﬁﬁmﬁﬁ% U%%EE%V% i I?r%%?g t%g)%re Ejhgllpf‘!lte%d t#l? I%] eé{fargtg ie Attach m%lnf xﬁioguth ne

m#ﬁ%‘fﬁ@%ﬁﬂ@cﬁﬁ%@“&d@ﬁ?e&&dﬁpo‘ﬁ%@ d?ftﬁ}éﬁp?lé@@?ﬁ |ﬁ?§l§tllmﬂhév§h€
effiviauny uSamatheandbesivegiateepafiietiady welbsuitac-tar aitachitGo metallized
sursgiconductor die to substrates. In particular, the high thermal

conductivity of the adhesives makes them well suited for bonding of

semiconductor power devices to substrates. It is preferred that both the
sugufrate an]gjlt esﬁlén%%nﬁ?%tg%ﬁ ST B0 eRE°LB R B BbfrEtfgadhesive

profisieh ilbsr toekdlin meéthiurgicahdvoinds. Buctypiveth it atibomt ip rowvidenent
adfiigRestength-antsuRe gy theunal-anshelestrical Mgl{ﬁerYiBértioies to provide
thermal and electrical conductivity. With age, this point-to-point contact undergoes
degradation, resulting in reduced thermal and electrical properties. Such degradation does not

oceur in the inventive compositions since the filler particies are effectively sintered together.

Method of Bonding

A method of attaching an elecironic device to a substraie comprises the steps of:
obtaining an electronic device, such as a silicon die, with at least one bondable surface;
obtaining a2 substrate with a corresponding bondable surface; dispsnsing the inventive
thermally conductive adhesive on one or both of the bondable surface(s) of the substrate or
electronic device; placing the electronic device on the substrate so the two bondable surfaces
are mated, thereby forming a combined assembly; heating the combined assembly to an
elevated temperature, causing the powder of the relatively low melting point metal or metal
alloy to liquefy; allowing the liquefied low melting point meta] or metal alloy to sinter with the

relatively high melting point metal or metal alloy and the inerting agent o react with the
16



In the prior art, semiconductor power devices are commonly bonded using

solder. However, since the alloys employed in the preferred inventive
wompossions have lower melting points than prior-art die atteghiRrestsnessss

solders, an advantage of the inventive 15 WO 2004/090942
G Agar 0044000886 hotpagtioheis Hulytrmetaly cichibhianddtofmatioftowing
mg%s%rt@&lgﬂver temperatures. Furtherm_ore,_ the tran_sient I?quid phase

sintering that occurs during heating results in high melting point alloys

that et g feraperatuies el abaye e ofioinal euiing temperatire, TS, 4,

advantage over prior art e ers provides |ﬁona ahtiae inthe
substraterativasing eenvsniyadbHASSEBGHENAE efirrete mssenibihospivkiirtd the
m%}@ﬂé%hﬂé&l Ei:aﬂgsﬂaa?y@mwai%ﬂl niaa%ﬁ; iii&ﬁgrme@aemgﬁﬁfﬂﬁﬁ&%a’ﬁesive is

the.po r flux, forming a secondary high strength bond. The thermally.. .
L Rl e SRR LR T e
mitristtachingsdiicomtadio fatieativn Surned Elint sfoaiors advediihedgieof the
aGith@suhsteaior Relh havaaa.melaliization: dnuthese: R ance s SOIREAIR the
bagachment' not ossd_kbleﬂﬁ%hegiontof the die toitige substrat(iett'%s th%n e of
BEEBIEH 6 REBOGE Tormed by the polymeric eomponent of - the maerside o
thindientitetaanissiies. 3bdewnmblise withhpried byeelyartabhindhtsdhesivessy be
useRNBRY 5108 RISy eh flake O sawdst AR RldmRic wakle [eSHhibydNa8 ither
|nst%nces of thte mventg}e die attachment rgi:esslles, ﬁlntefim% occurs in £ th
“affe 'BLATET iR ThOEHT 2 BHEERE  BUT A hEXa RIS Zal DR SAREHERC o e
lopcowitngt phistintrfdsderoftithdhsurtdbesnbdinpibirsed. Mhecefforitiay lgfdens. In
soﬂ?@ﬁvéi@@m&%&}ﬂ%t%? Eﬁ@@ﬁé%&@é& iedueed REIPRRRE 1Ry be needed

metallized surfaces. However, in these instances, the sintering that
O SRR IR S B SPIRESdhesive provides higher stability and thermal
conductivity than typically found prior art die attachment adhesives. Prior
art adhe gfmmma%wlbﬁﬁﬂ% REREGriTtecmiadpasteIatths preua and
athesmabanronelaciicalieonsitlvidyeMibthtagesothisippirdettapaiat-camach weight
pinderdaes %E%»%geaé%%% %&%@Q&'Q{ﬁ%"?&%&hem' and electrical
properties. Such degradation does not occur in the inventive
compositions since the filler particles are effectively sintered together.
Method of Bonding

Example 1: Inventive Die Attachment Composition

Components Amt wi%

mono-2-(methacrvioyloxyjethy! succinate 0.65¢ 1.69%
Hexahydrophthalic anhydride 0.85g 2.21%
Bisphenol 4 diglycidy! ether 1.5g 3.90%
1,6-Hexanediol diacrylate 0.26g 0.68%
Azo biscyclohexanecarbontrile 0.0011g 0.003%
Sikver Fiake 8.1g 21.06%
Copper Powder 8.5g 24.70%
58Bi42Sn Solder Powder 17.6g 45.76%
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A method of attaching an electronic device to a substrate comprises the
steps of: obtaining an electronic device, such as a silicon die, with at least
one bondable surface; obtaining a substrate with a correspondin

W@oﬁ“&ﬁﬁ?&%ﬁrface; dispensing the inventive thermally condﬁ&ﬁg%ﬁ%@é}i‘\’%ﬁ
on gne or both of the bondable surface(s) aof the substrate or .electronic

o HTEEE RAETHEREe STUBHTe o O BN b RSTHRS o v B A1

warsiinfabe siianecmate S tde refiyr foimggofaonaliinedgassemiplisirediin@itheé was

cooﬁgmt%inﬁ,@rf}s?&ﬁgg%%&.a%ﬂsﬁa&ﬂtﬁgmﬁ@@%v%ﬁuwgﬂm,p%@;@&gﬁdm;

_ the relatively low melting point metal or metal “alloy to liquefy; allowing the
diacpiatsriens! 1B AISRTILPPEARRABRATEF MEtaPaiof St Witk the FemniEye
polshigh fioeltingppotnt niatal athmeimkalpyséhd.thiz inesingtagenhiceresibtawithke,

cep{,EFp&%&é}/%@99&{9.%%%%5%%@%99@@&%&8@&@éiH&@g}%ﬁée@ﬁgrlﬂ&m

e fluxing agent inert; polymerizing the fluxing agent; and allowing the _ .
of relab AABIRTS EaOMR Sad denbare f?ﬁ%ﬁﬁfié}%‘%?ﬁ@éi\‘?@sif%ﬁifé’obfbmgh
shedhmigiagited heridingabsaden Hie!isulhstnateuor dis digingedomdentighakcuum.

syringe dispensing equipment, known to those skilled in the art. The
adhggivesisgishensesk asaasmalidetior 0 amtpatiemchliermpehe Beometer
dhesive is. stepcil pri nto the parts,using.stencil printing equipme
and%ﬁov%nvﬁ%c?ﬁg’a?ﬁ %ﬁé}ﬁngtggrﬁ%sté@a}%%%gzzée Eigoemné)ousr%ot%e ?)ra : %f%?ono ¢
glassfmicierafingl8lidst andterrathiblavaltive ldst tRSeUs R cptkicdavag.2 peak

templSRGCOMVRNUONBEEIR PIRCE RSN LS RBIeD N dignigdhemPlaGedHor of the
the bonding area and pressgd with s&ficient forcg to nsur%% mptete

resylisnb R SPTHRBUMRSPTRST e diR WHATRE a4Re SRS, I8 QuaEn yv?sl;ume
resititieiiyh40805h Shroven. Athésoticrondbdivin may semplsesblariprefesdipd a

conBuBHiFQBe §alger feflow, overs knowndn e Akl i RERRIMRI B AiENebn was
. case@or sintering to occur, the assembly mlé% reach th«? melt Qr liguidu

ttagkchlor AR FRTUEING §810 FRATEM GBI CATo) BER A tRE THEHHSIRPRER: B|%“‘§ had
voididpesive fuxcbmpositenshangdni? hpsomeimentiVéadistsivbmeasured on a
PerkABROS T&?ﬁbﬁni{&‘ﬁ&%ﬁ&%mﬁ%&@{%@@ AFellowBYER X R srdethe@oient

complete the sintering process. The following examples are illustrative of
of thramshE@Bito A8 MEYithe invention and are not to be construed as
limiting the invention thereto. All percentages are given in weight

Exampie 2: Inventive Die Attachment Composition

Components Amt wit%
mono-2-(methacryloyloxy)ethyl succinate (.65g 1.690%
Hexahydrophthaiic anhydride 0.85g 2.210%
Bisphenol A diglycidyl ether 1.5g 3.900%
1,6-Hexanedio! diacrylate 0.26g 0.676%
Azo biscyclohexanecarbontrile 0.0011g 0.003%
Silver Flake 9.7¢ 25.220%
Copper Powder ildg 28.640%
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percent, unless otherwise noted and equal a total of 100%. Example 1:
Inventive Die Attachment Composition Components Amt wt%

maono-2-(methacryloyloxy)ethyl succinate 0.65g 1.69% He h)q ophthali
Wgnzf%)f}gﬁ%ﬁg%.%g 2.21% Bisphenol A diglycidyl ether 1.5g 3).%6%(/0 ST

1,6-Hexanediol diacrylate 0.26g 0.68% %biscycl exapecarbontrile
63316’76’6@%6‘%. Silver Flake 8.lg 21.06 o'z‘eopper g%vé@ef‘?g.sg 24.70%

58Bid2BnireaalP awsdekdd - Ga i d8%edl ThVARRA4 0R084R cidyl ether by

PCT/US2004/009886 Hexahydrophthalic anhydride was dissolved t'ﬁ' d
W e PR g CUA B ARG Th PHRRRENE B0 Affapend wes
coolgtirring devformemphamegeneaud-(hixtrey ihédsioetiyasiccoeted febrbormediol
diaclSIHRSAIUS. m%&i%%@amﬁx'%%%' m%@’s}kﬁﬂmﬁ the

lacrylate and azo bhiscyclohexanecarbontrile were then added with -
Polyghizhi ARyt G UBRABTELO TS ptgTRE IRBPRSHSPorErt SRR L AREeiYE: silver flake,
copgoppodition] |638rSEpartatéecontalneresilvexdiakeincoppst Powide Thisdnixture
of n?afiﬁi%@@&é%@&}?&%ﬁé&%%%%%éﬁ%@ﬁ aIRAd-RIERAeEs ThisRKEY Gigh

of metal powders was then added to the polymer flux. Homaogeneity was

Sheaé&?i@%&‘ﬁf%ﬁ“@ﬁ’e‘&?‘ﬁ‘ﬁ&iﬁ@ﬂ%‘ﬁ‘?é’éﬁ&ﬁ?c‘ﬂ%?&ﬁ?fé?@ﬁﬂ?&ﬂ?,‘%ﬁé"mm‘
mixture was degassed under high vacuum. The resultant paste was tested
for ThecamapipasB roskirele donsisaet ste HeedlethronnarAdipl viscometer

and i8EQSitycafiabaiftdbbif Q08PREE (@ Mip2s-19-1T HEheampesitionivasodppliathic
to a. glass microscope slide an S f [

o e S s SR AT Sk, B B e R RISy o

postl 85CAH0VSHrfiindlesiMies resistaasecdfiete: (éstNEe Metd Taatmgidison die

Wiﬂghgigg%gsﬁ éﬂé&kﬁﬁiﬁ?ﬁﬁ%&?&@ﬂ&i %&%ﬁi&f@&éﬂ%ﬁﬁ.&h@%ﬁlﬁ%@e@?ﬂwéﬁmd
~0,00( m-cm, Thermal condu a,sample similarly cyred had a
o AT B AR e B T n R g A S

metallization was ‘ o .
The inventive subject matter being thus described, it wiil be obvious that the same may

be varied in many ways. Such variations are not to be regarded as a departure from the spirit
and scope of the inventive subject matter, and all such modifications are intended i be

included within the scope of the following claims.
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attached to an immersion gold coated copper clad printed circuit with the
adhesive and had voiding of <0.2% and a die shear strength 3200 psi. A
sample of the material measured on a Perkin Elmer dynamic mechanical
analyzer had a storage modulus of 9.8 Gpa and a coefficient of thermal

wiexpansianl i2:8-30 ppm/C. Example 2: Inventive Die Attachment
Composition Components Amt wt% mono-2-(methacryloyloxy)ethyl
succinate 0.65g 1.690% Hexahydrophthalic anhydride 0.85g 2.210%

1. BibphehplcAndiglyeiddietrerhbyi8@0k%%id 6 MekanediehdiactylatehR. 269

@ REE, RepRIREEohexanaeRiaNIHER IAHBNH036, SIsL Flake 970

0% Copper Powder | 1.4g'29.640% 18 WO 2004/050942

PCT?US’?@@WG@@B‘SB YA BYPhSHEEENEER14.1g 36.660%

Hexahygsapkitbalicanhyidridsonessisselvad inBisphenol A diglycidyl
ether by, war ing. xture 40-50C. After stirring to form a

hom(}ge“r]leerg]&symlx Elre & eé%ff &‘WQ?OE%&EH’%@B?}H’?TE\%Bgrature
f770n0-2- (Kemmbammwm@emhmmmm@hmmm Rdiacrylate:rein R

and @&qung%gx%%ﬂ%m&agQQMerv&Jﬁnﬁhﬁ%9%s%yry%@rgé%ngo}e bonds: and

complete the polymer flux component of the adhesive composition. In &
separate cOhtairiBrishAseHdRECAOpHERpBHRe ivab GBSHE 2R sH dleyated

pow@a{pweﬁ@ern@@@h@ma;mmﬁd&rng Risimhdtyr@eRbMetak-RONRES
was the added to thé'ﬁ% %/réuer flux. Homogeneity was achieved by high
shedl” PFnl ng T A5Het ShlEHEs: Bifally, the mixture was degassed

under high{uiidcuum. The resultant paste was tested for wscosﬂy on a

Brookfield osit
aB000eps LT R e e

a 5 minute %‘P@éﬂéﬂ?@\ﬁ@?@émﬁ@ eepeakitemperaiaizevdzio C,

followed by RRSHUER abAYeG ESAINKIES WaS MARsHISCEI% R8Ot

W/in K. A5 x5 mm silicon die
after hardening will not remelt if elevated to the temperature at which the adhesive first

melted.

2. The thermally conductive adhesive composition according to claim 1 wherein the high melting
point metal or metal alloy comprises a material selected from the group consisting of copper,
siiver, aluminum, nickel, gold, platinum, palladium, bervilium, rhodium, nickel, cobalt, iron,

molybdenum and alloys and mixtures thereof.

3. The thermally conductive adhesive composition according to claim 1 wherein the low melting
point metal or metal ailoy comprises a material selected from the group consisting of Sn, Bi, Pb,

Cd, Zn, In, Te,T1, Sh, Se and alloys and mixtures thereof.

4. The thermally conductive adhesive composition according to claim 1 wherein the
poiymerizable fluxing agent comprises a material selected from the group consisting of 2-
{methacryloyloxy) ethyl succinate,mono-2- (methacryloyioxy) ethyl maleate, mono-2-

(methacryloyloxy) ethy! phthalate, mone-2- (acryloyloxy) ethyl succinate and mixtures thercof.
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with a nickel-gold metallization was attached to an immersion gold coated,

copper clad printed circuit with the adhesive and had voiding of <0.2%

and a die shear strength of 2800 psi. The inventive subject matter being

thus described, it will be obvious that the same may be varied in many

ways. Such variations are not to be regarded as a departure from the spirit
5. EnRdiseppRyalthrdiventisei subjeebmatiel;cantmltstiehrmoedifieatitrsmareng

intended to be included within the scope of the follawing claims. 19.\What
s e T e
bisplighV& dishveistd ather sitabrohskanttienthyebiabsitletor dieto a
epSUbsiiatex he-agdhesive Sompasition Cemprsig naNairawder. aba high

melting poin tal or metal allpy; b) a powder of a low meltin int metal
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mixomptisedidf: (i) a polymerizable fluxing agent represented by the formula
RCOOH wherein R comprises a moiety having one or more
polymerizable carbon-carbon double bonds; grad (ii) an inerting agent to
react with the polymerizable fluxing agent at elevated temperature,
rendering the polymerizable fluxing agent inert, thereby eliminating the
need for cleaning to remove flux residues; and (iii)) a diluent that is
capable of polymerizing with the fluxing agent's polymerizable
carbon-carbon double bonds and comprising an acrylate, wherein the
adhesive has a property that, when heated, first melts and then hardens,
and after hardening will not remelt if elevated to the temperature at which
the adhesive first melted. 2. The thermally conductive adhesive
composition according to claim | wherein the high melting point metal or
metal alloy comprises a material selected from the group consisting of
copper, silver, aluminum, nickel, gold, platinum, palladium, beryllium,
rhodium, nickel, cobalt, iron, molybdenum and alloys and mixtures
thereof.



3. The thermally conductive adhesive composition according to claim |
wherein the low melting point metal or metal alloy comprises a material
selected from the group consisting of Sri, Bi, Pb, Cd, Zn, In, Te,Tl, Sb, Se
and alloys and mixtures thereof. 4. The thermally conductive adhesive
6. TeMpositioncaacardingHie;claismpwiierain:th@npalymerizated uxing:agebte or
mofOBtises, 8 material selected from the grgup consisting of 2-
met acry oyFoxyS etrhiﬂ SUETINAtE monos2: {methacryloyloxy) ethyl
maléatesomono-Zed méthaonyimyloxy) ethyl phthalate, mono-2- (acryloyloxy)
ethylisuccingie.and mixtures thereof. 20 5. The thermally conductive
adhesive composition according to claim | wherein the inerting agent
compSEE ASHEHEH APLR ISR EBPIRORT EFRIYibiI: COSiswing OB hBIng
agegliglygidyl ether, bisphenol F diglycidyl ether, 1 4-cyclohexanedimethanol
diglycidyl ether, 3.4 . the rate of reacti
epo%}%y‘&l%ﬁ%g% e %?ﬁ%pc?)@g}?cfbcﬁg&%necarboxylate,
N,N-diglycidyl-4-glycidyl- oxyaniline, glycidyl phenyl ether, glycidyl
7. ThmRiRexRREI SN e@ﬁg)&ﬁﬁ&ﬂ}ﬂrpﬁ@&%ﬂ%wgaim'é%&%imﬁggﬁu%%a

6. The thermally conductive adhesive composition according to claim |
COTFRFE P CHRPRSTHEC A OR thicraBoivipbtientd sérberatrfiohditiegiodds
he:eansisting.ofidiiasaw ce akfesradical intiatonsie (D megrableggsin; (i)

c[‘ros§linki a ercllég?ag imOpF(r?oves} crosslinking of the gurable resins or
iVS}) 1ET

.a _ A i .
R R SHISARE (W AR A S At o e ER 8 YR& rate of reaction. 7.

The thermally conductive adhesive composition according to claim 6

8. WQ%&!Haﬁ?IQOg&M%QE a%ﬂ@é%%&%p%m%ﬁ%@é AE%%%&% 4 e?e%r(s)éilg fource of

. consisting of 1,6-hexanediol diacrylate, 1,6- hexanediol dimethacrylate,
freqpiadienl (BICAIRSKGY &R isBelpaalLdtelctr EpB iy s Poaraigin ety late,
pergihxyiated-bisphenol digstylatepndixisesithereol Bnilhesthatmally, and

,%ond%gtive adhesive composition according to claim 6 wherein said
MPEBLTC eg)efoi}ree radical initiators comprises a material selected from the
group consisting of benzoyl

9. The thermally conductive adhesive composition according to claim 6 wherein said curable
resin comprises a material selected from the group consisting of epoxies, phenolics, phenolic
novalacs, cresolic novalacs, polyurethanes,polyimides, bismaleimides, maleimides, cyanate

esters, polyvinyl alcohols, polyesters, and polyureas.

10. The thermally conductive adhesive composition according to claim 6 wherein said
crosslinking agent comprises a material selected from the group consisting of tetrahydrophthalic
anhydride, hexahydro piithalic anhydride, nadic methyl anhydride, 4- methylhexahydrophthalic

anhiydride, methyltetrahydrophthalic anhydride and mixtures thereof.

11. The thermally conductive adhesive composition according to claim 6 wherein said accelerator

comprises a material selected from the group consisting of imidazole and its
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peroxide, cumyl peroxide, 1,1 -azobis (cyclohexanecarbonitrile),
2,2'-azobisisobutyronitrile, and mixtures thereof. 9. The thermally
conductive adhesive composition according to claim 6 wherein said
curable resin comprises a material selected from the group consisting of
epoxies, phenolics, phenolic novalacs, cresolic novalacs,
polyurethanes,polyimides, bismaleimides, maleimides, cyanate esters,

derR@BHMNYI 2lGaNhelRIPPIRSIeE SeANd: Rl YRR ad e d RRIHESMAlM

conductive adhesive camposition according to claim 6 wherein said
?acet (P mixtures %er%ois 9

acet nates. an . .
grossﬂn%ng agent comprises a material selected from the group
consisting of tetrahydrophthalic anhydride, hexahydro phthalic anhydride,

12. nadiemetivkanhydddepdsimetiyinexanysrerhihalicaRnhydsiee vonded by
sinttrrl]'g&%%}"etgﬁhyg ! {:It!ge]:%léﬁeas'g’gy S%EIEF a%l%rs]gerggggiﬁeosf me}ae %fs’ \;Ié'ngs-hg comprising:
fhermally conduc ive adhesive composition accordifrig 6 Saim §Whsrdin
saidiaeeetekator 2 ban prbes aombtatidossleietedidrom the group consisting
of inidazAlg.ABLkilshdervalivesedicyandiamide, biguanide derivatives,

tertiary pminee, Jansitiqnmetal aceiacetonates, and mixres thereot
12. AR electionic assembly comprising a semiconductor dié device and a

substrate Bordded By EaRintrerEtasinally conductive adhesive, said
adhesive dgyeidRfdugitia:solventsiant-CRRALSIRG: 18I ROWEH&fBre,

high melting point metal.or metal Ic))é{' b%a owder of a lgw melting poin
do X 7 ; -
metal o ey S A oA Rk SR A

is comprisétasingjarpotymétizabigiusidg agent; (i) an inerting agent to
react with thefluxing ageptakelevaied IRMANSr alikene MANGRriRgHhe
polymerizable fluxing agent inert, ther eliminating the. need for.
Cloaning 1 O L S o TS Eahie B
polymeriziriey witigsite thyiia g rigeatsthpo Wine fiszipleltsrbols eadiomn bodble

bonds and ganpsising-an a6 Iatesthe: aohesive davine:aRiapertyihathe
when heate((ﬂ1 f_irst ,Hrl]elts tg(gttnrée hardens, and after hardening will not

remelt if eléVated to the empera 3?‘8“5:1; {‘}v%jich the

the electronic assembly formed by:

obtaining an electronic device, such as a silicon die, with at least one bondable
surface; and

dispensing the inventive thermally conductive adhesive on 3 bondable sueface of

one of the substrate or electronic device.

13. The electronic assembly according to claim 12 wherein the thermally curable adhesive flux
composition further comprises a polymerizable fluxing agent represented by the formula RCOOH

wherein R comprises a moiety having one or more polymerizable carbon-carbon deuble bonds.

14. The electronic assembly composition according to claim 12 wherein the polymizerable
fluxing agent comprises a material selected from the group consisting of 2- (methacryloyloxy)
ethyl succinate,mono-2- (methacryloyloxy) ethyl maleate, mono-2- {methacryloyloxy) ethyl

phthalate, mono-2- (acryleyloxy) ethyl succinate and mixtures thereof.
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adhesive first melted, the adhesive; and the electronic assembly formed
by: obtaining an electronic device, such as a silicon die, with at least one
bondable surface; and dispensing the inventive thermally conductive
adhesive on a bondable surface of one of the substrate or electronic
device. 13. The electronic assembly according to claim 12 wherein the

15 ﬂﬂﬁé@]@d%ﬁW@é@&@M‘;ﬁ@sﬁﬁ@ﬁ gempagitionfuther EaewprisasR melting

EOIX I ?rlzablgﬂhlxm }?ent rel%r(tesentef:l l;gé/dtpe foLmuIa RCOO%—| A ?ereln

POy grﬁ Fides am avin aor?e‘:ﬁ"c]ﬁL more po Orl%erlzi";‘ttg’ﬁaP carpdn-carson’"
@auﬂbﬁm@@mdswl@ Gﬁhﬁb @@mnwl#sé@mbmm@hqma@m aepedl, iron,

moB8ithd? YRR the Relyinizarable fluxing agent comprises a material
selected from the group consisting of 2- (methacryloyloxy) ethyl
succinate,mono-2- (methacryloyloxy) ethyl maleate, mono-2-

16 (etbacrytoylexyhdthydcphithalatdaimdnovRer (actiddyloxe) eibh ybsuccinate
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according to claim 12 wherein the high melting point metal or'metal alioy

TecOmprisesn mgteriar sersstathdtaithe group consisting of copper, silver,
aluminum, nickel, gold, platinum, palladium, beryllium, rhodium, nlckel

bal n, molybdenum and aII s and mixtures.thereof. 1
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mamméﬁi?ctmie%aﬁa%;gmmmw@@% @ﬂt@ﬂﬁll@él@éﬁ@&ﬂ@ﬁe@h@@'@pﬁwo
consisting of Sn, Bi, Pb, Cd, Zn, In, Te, Tl, Sb, Se and alloys and
mixtures thereof. 17. The electronic assembly according to claim 12
wherein the inerting agent comprises a material selected from the group
consisting of bisphenol A diglycidyl ether, bisphenol F 22a diglycidyl
ether, 1,4-cyclohexanedimethanol diglycidyl ether, 3,
4-epoxycyclohexylmethyl 3,4epoxycyelohexanecarboxylate, N,
N-diglycidyl-4-glycidyl-oxyaniline, glycidyl phenyl ether, glycidyl
4-methoxyphenyl ether, epoxy propyl benzene and mixtures thereof. 18. A
method of attaching a semiconductor die device to a substrate comprising
the steps of:

2
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(a) obtaining an electronic device with at least one bondable surface; (b)
obtaining a substrate with a corresponding bondable surface; (c)
dispensing a thermally conductive adhesive on one or both of the
bondable surfaces of the substrate or electronic device, said adhesive
devoid of fugitive solvents and comprising (i) a powder of a high melting
point metal or metal alloy; (ii) a powder of a low melting point metal or
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cleaning to remove flux residues; and (C) a diluent that is capable of
8. 9\ 'X rﬂ]er(]z ryg "}1?3 tgese];lflfg%:(cl)?l uc%egle d e“tzﬂgi ? ﬁ]ecg)lirtl)ornmgar g Qtedou le
bonds an comprising an acrylate, w erein t esive hasa property
thatﬁ%ﬁ@ﬁ“ﬁé&ﬁé@}@m@“#ﬁéﬁ‘sl%ﬂﬂﬂﬁr‘lﬁﬂlﬁm*@féb@}daﬁd afteehardening will

not t(@mlhiiﬁiﬁé%vﬁi@&i@ thal é@Bﬂ\Q@;ﬁ@[ﬁBﬁ% abyvbithstheadhesive first
melt(;):i the adhe @i{ the electronlc device o trate.so
e I B B O BT SRR o

thesubraieee of %l@ét%mal@, thisreBypdorrimnig %Oé@m@mla@%mﬁmm@)smg
heating thQi@@B&b&ﬂ@%ﬁ@ﬁ@m@Wﬂﬁb%ﬂim%@ﬂ% lempgrature, thereby

causing th EOWdeJe olvov\%e It|n O'Qtta ?Egétqr etal glloyto liquefy;
(f)allowmg e}fIQUEI oW me pom alormezfa oy to sinter

with the higt) %W@lbﬁﬁlﬂh@éﬁl?ﬂ%%‘wlcaﬁwsém the inerfinysagent to
react with the flumgaqgmﬁeﬂemgﬂngnmeﬁww@ agent inert; (9)

pobmercng e WS SAETL S, DL lovs R rrenbiae 2
ad heSIVe flux temperature, rendering the polymerizable fiuxing agent inert, thereby
eiiminating the need for cleaning to remove flux residues; and
(C) a diluent that is capable of polymerizing with the fluxing agent's
polymerizable carbon-carbon doubte bonds and comprising an
acrylate, wherein
the adhesive has a properiy that, when heated, first melts and then
hardens, and after hardening will not remeit if elevated 1o the
temperature at which the adhesive first melted, the adhesive;

(d) placing the electronic device on the substrate so the bondable surface of the electronic
device is mated with the bonding surface of the substrate, thereby forming a combined assembly;

(e) heating the combined assembly to an elevated temperature, thereby causing the
powder of the low melting point metal or metal alloy to liquefy;

(1) allowing the liquefied low melting point metal -or metal alloy to sinter with the high
melting point metal or metal alloy and the inerting agent to react with the fluxing agent, rendering
the fluxing agent inert;

{g) polymerizing the fluxing agent; and

{h) allowing the assembly to cool.



composition further comprises a polymerizable fluxing agent represented
by the formula RCOOH wherein R comprises a moiety having one or
more polymerizable carbon-carbon double bonds. 20. The method
according to claim 18 wherein thepolymizerable fluxing agent comprises a
19-@5%@@11%%6%‘%}%6%%@éﬁo‘ﬁ?ﬁ%?é%&%ﬁ#@%?%%ﬁ?é‘ﬂﬁéé%ﬁ%‘gﬂ% ethyl
colipeGinatamene-dpiaethasnreniaxy ek maleaterdoRa-By the formula
cryloyloxy) ethyl phthalate, mono-2- (acryloylox hyl succinate
R L TR R R SRR T R
dotiigrbenéiting point metal or metal alloy comprises a material selected from
the group consisting of copper, silver, aluminum, nickel, gold, platinum,
palladium, beryllijum, rhodium, nickel, cobalt, iron, mglybdenum and alloys
20 H0 FERAPESTHEEDE 531 HISTHBA SR PR AT S B2 SPRIRT HFe
maeviaaekingl fointmetalprmetahalddy- Comiprisgsydoryatebidlsselecteshron? -
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and rhixtures thereof. 23. The method according to claim 18 wherein the
(aqpydeiggyagent sshiprisasamassfiesalected from the group consisting of
bisphenol A diglycidyl ether, bisphenol F diglycidy! ether, 1,4-
21S¥giohexanedimethang) dig \'%%!rgt;!‘ i %%‘ﬁ%ﬁ%%{?&?*&?&!ﬂ%!—%Hé%’ah%iﬂjgf
epoxycyc oﬁexaneﬁarboxyla e, N, -dlg(fyc y-4-g§ |dy}-oxyanlllne,
coglyielyh premil eelvetcd Giyeityl Zroveensxsreelyicarerssafupropyl. nickel,
coRePZeneandimixivresinereof.ed 24 nldre rosthrdeh Glainbd8niMrifetioys
omprising: forming the conductive adhesive from one or more
a‘@(‘ﬂﬂ%‘b‘ﬁ% “Selected from the groups consisting of. (i) a diluent that is
capable of polymerizing with the fluxing agent's polymerizable

22CHRANEBERBAGHPIE hondss (1) A50ME060hitaq sadicaliniiaiors. (WR
curable resin; (iv) a crosslinking agent that improves crossllnklnlg of the
CORYFiS R fBdlfie lected from the group consisting of Sn, Bi, Pb, Cd, Zn, In, Te,Ti, Sb,

Se and alloys and mixtures thereof.

23. The method according to ciaim 18 wherein the inerting agent comprises a material
selected from the group consisting of bispheno! A diglycidy! ether, bisphenol F diglycidyl
ether, 1,4~ cyclohexanedimethanol dighveidyl ether, 3.4-epoxycyclohexylmethyl 3.4-
epoxycyciohexanecarboxylate, N.N-diglycidyl-4-glycidyi-oxyaniline, glycidyi phenyl ether,

slycidyl 4-methoxyphenyl ether, epoxy propyl benzene and mixtures thereof.
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fluxing agents; and (v) an accelerator to increase the rate of reaction. 25

24, The method of ¢laim 18, further comprising:

forming the conductive adhesive from one or more components selected from the
groups consisting of:

(1) a diluent that is capabie of polymerizing with the fluxing agent's
polymerizabie carbon-carbon double bonds;

(i) a source of free radical iniiators,

{ii1) a curable resin;

(iv) a crosslinking agent that improves crosslinking of the curable resins or
fluxing agents; and

(v) an accelerator to increase the rate of reaction.



