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U EpwLe, fhoseesmerstcd béjﬂoretf?féeddalﬁlbt@s@;ﬁluﬂcas bgpiayl peroxide, cumyl
per@iidd) DS 1> 2zotif(@R1dRRHnE@rbonfiileh, atﬁ'-%zc)%ﬁo@u@%%lthﬂer Eﬂaci | Mixtures

cur abl e adhesi've conposition can be cured using
thergplo Beseffre radipad dnjtigtprsjor nepirees aes sommerainlly available. Iatﬂeeipresence of

certﬁﬁiqnélﬁg st Qstc%gpckf}’%pfl@tufy &Hﬁcﬁnﬁh off'tbglg %ﬂﬁ]t'la(f&% ?iiaiy ggeur due to

i ncl ud |n Xa ose genera
unfmrqbllear%ipg rgmhnesesubmg dy | ougasong dad V@uisylh thpenuoedl demposition.

The}efare 1‘?1%3)? <o S A 62)'&%&1@ %E@F}@g lﬁ’ll{légbljs %Pe 'used,

~az utyronitri Xtures thereof.
These free radical initiators or sources are
corferigfigels yare \eagatedbinesitu) by expospieeste theefred-radisel imdfiator to heat,

radifBd2 b othStRvarioh Qﬁéﬁm sgﬁg&“ frﬁroqg&f%g%?ﬁh tafﬁ)ﬁquri)aﬁe free-radical

peroxy Initiators may oc avora
lnltlﬁt@a@medm@e& theudnsetingl ¢rosstiulting ¢ the;gdeam@tl voieat lma tsbider reﬂow or

1sotﬁér1¢{gngj c&rﬂ‘ﬁjgﬁérétiogn The -If)pe%rlf f % shid {jef free—radlcal crosslinking

pe ' ni ors are
initiEoe & ‘lhad]uxmgsagel’ftes usedadi emhtnohthﬁlrhte aby tle%ﬁﬁﬁuﬁtﬁreaff dr(h;@hnklng of
tor to heat ation, or. oth

' di
the @g}? &z b | dn 3fur{é‘ﬁ e#’% FiLve &‘alxglg&rcﬁcgfsandrsﬁrpp% a%h%llog Hf g}e cgﬂlposmon to

the subptradgsrupah eudgee-r adi cal initiator accel erates the
onset of crosslinking to the desired nmonent in a

SOI’[ﬂglrma'ilf PAIOAdnesive Hﬁx om Scllri 91 PR GL! n%‘a’[lOl;I;h

crossllnklng initiator in the fluxing agent is used
t o e preparing thghermally emable hdhesiverflex admipasitioh, the proportions of each

ur.i.n ffect .
o i Q5RkAL B vy L A BB o BB LB b i
activity ag well sashgtodapast cupd nnamrrail I]Jgopeﬂffeer mfdrabl}@thabh@mally curable
| at,i ve Concentr

Fl Co
g EABRR §50 T SORS OBt o
forneating of blibbdss, in ttlefi @ped tco@pssitin. FARNs adievellGvith thermally curable

conponent s varied over a considerable range and
comg?ﬁr{%ns??r&u@%g DAY e f1 uxi ng

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

composition;

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

composition;
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activity as well as good post cured nmateri al

properties. Preferably, the thermally curable
wadhEgwesd2f | ux conposition enpl oyed does not pPOTWSE004/009886

gaseous byproducts that result in the formation of

c) DihbitesompPridife {HobRl09%6H5%d GOMBOSHE | fﬂQrmaTlP' Turable adhesive flux
achieyed wth thermally curable conpositrtons
fOPMT%d as fol lows: a) Fluxing agent conprising
about 15% 65% (wm) of the thermally curabl e adhesive

d) Frasxadicanmasbt tmprish) abbR0VI-DG RIS thS MRRRAIR i
10@65596(m¢} qgﬁgﬁgf%hernally curabﬁggadhégﬁvggPFﬁgmgmveﬂux

EUpBLIon; Bryterably Desveenoabrn®éAs7 hard wse orfaald g gbout ©)03%-0.4%

Bi eRfit ofaREMEmSINSuABRWHNANE: FEApéation .0f the thermal Iy

curabl e adhesive flux conposition; d) Free radica

Lhi.tiator .conpri si bout. 0% 2% (wt) of the thermally

RETIR GRS %0%4’1%3%%9&%@?@6&.‘( cisplle adhspivg fliveeamenesition;

about 0% 0.7% and nore preferably about 0.03% 0. 4%

f) Oyossiirikilet agentst bamprivéngnedol 3596 (wH bdethe HEHINS curable adhesive flux
conpo thoq.; e) Resin conprising about 0% 60% (wt) of
?%QEFﬁ@P |y curabl e adhesive flux conposition; f)
Crosslinking agents conprising 0% 75% (wt) of the

g Shedaratbisycomprisibg @-12ifalsd ternfallyxurablo AWRSivE FIGR compitbh.

Accel erators conprising 0-1% of the thermally curable

ad RY Lidan.. Sone of.the.thernal l -

cus B & e HenEATRARLNS BnCoFaditony Rabi bR gedecrayey exivi
undesirhblihigh rvistes abadrptiorh layhglasitahsitien Rbperafidspsy higtoWefficients of

I transition t eratures, or high coeffjcients of_
therfla BRe B0 et SpisTabhic et Rt hupodiar g el s fluxing
composifisiit adhesive esmpositiosefhire tisef dhbwatBHstics HRNBEItcONS | N

adhesi ve conpositions where these characteristics are
no |t t ef er.abl the thernmal |y, curable,
pomo%¢r%%?%:l}{j )Elll\éﬁgerc cﬂ% ‘(‘)'érfll?? 8?\213"3?‘%‘%?“’8%5 ?@HQ%WQH ag‘ﬂa@‘“& cured
has glgdess ttansitiei tenmperaheeie eadess 6f 100°€XRe8HI9T10WQRIEE icient of thermal
fici.ent of th expansi on (100

rel atjvely | ow coef I ma S 3 .
expdg i Y Pring 3 1ER G ea Pl allegran 6o P Egnesome of the
fluxidliagents &@BInNtheseQBRzed bxHibie high lcbeib@ntEEaRdrmalelpRhdort HERK olass

rranges exhi bit hlgh go fficient of thermal expansion =
trangfion” RSFANS Whea WP BR tostAgE ey Fanajh dise el pe dluxingeresins in
applRefigHe S HetreRsse cBAR Y isHELrs hot@fitif L UXI Ng resins in

appl i cati ons where these characteristics are not

critical. Metal Powders The inventive adhesive
cok%giggﬂgﬁ§ conprise a blend of high nelting point
and | ow

The inventive adhesive compositions comprise a blend of high melting point and low

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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melting point netal or alloy powders. The preferred
powders conprise round particles or flakes. The

worbhapde4of preparati on of netal flake are wel PCRuS2H04/009886
to those skilled in the art. The nmetal powders shoul d

area;dh'@rﬂhﬁ@ga atdiitg €ofOthe Sihvddivé QomPBENE R8HFRENIS r}ﬁ%}{ Yo provide
referred adhesi ve conpositions, the roun
Satlffg?t?ﬁycqxe‘% 'HR9¥la maxi mum si ze of about 100 i crons
and, nore preferably, are |l ess than about 50 m crons
in M}Z@ldedeﬂH(@Sallﬂmbld 1ABEE afl ;06 mafIGhiktuke fsQsAIOM thé Righ melting
m S L&% use of flakes bel ow about
POIHIGR Sfeba:bé’f e IP%J“%P%%‘H‘F“RW@%&?@GF%@I&I SQlﬁ?éed from the
gror&p‘j b@ﬁis\‘dﬁg @)@ RPSEL, 08, breihude sl %otld) Cblﬁf?rﬁfns ‘f»allaﬁﬂﬁi&' %%rylhum
mel ﬁg nown tg%t oxi de reana fromfine net
rho‘?iB%‘é‘P% igongmplypdappin adellpys QrH@XWQjﬁb@re@uTlﬁ%e# preferred
hlglﬂ.ﬁlelfﬁgm'&/ RAN94% RippérUSRROAGARPERE 0idS e\ﬁhent BefilatbRGers are

Gtivity of the inventive conpositions
use‘g Jt piPEsied thatthey powdsrsohayy iseeothseyen ﬁoamorfrgy @i epically produced

using QAP ¥dnizaABY R HoAE hAR! @esﬂéblflthé)% ?ﬂ?h% Hr?ip? p@slvdeqxst &mprised of

metal mxture I's usab

a mﬁg\“ﬁ@,‘f sp @@ld}o&@pyandt iﬂpé(eth@quaqejftsphglcmqﬁdeMeahlts a high metal
loadPNGIL Tthd %dl?es?@tc%ﬁl Qéltlochel\glﬁtsl? G fdfsﬁ%feh%r }g#ﬁ) l’[llg)qnnal g1, electrical

ConS|St|n? Ver um num n
conggcHv ity utilep thiel @dit@m ofkﬂaky Iﬂelpél rimpravh dtié whgolagy Odfeﬂhe adhesive and

1, | rmxtu
fam{ft%%? g]?hc'a{} eor ;%e\‘rgg [r% %grﬂr ﬁthtﬁY%@?Qr}m%)ﬁB%{ %thﬁéa(bg'cgtlon of
elecipric cogspulies. sl Iaiserservm d:d(efeverrtdsegbﬂlgj of Weefillap;taeuidlésain the resin,
d
mai PR, e moad N mirh 31 Bl gl b, Fre) e the
matergi pgorga$sﬁ%h@tmﬂmng1mmwsfdeﬂ\ﬂbﬁiprﬁ@3ﬁdr@ Elbd(lt 10—9@% by weight
oi.nt o er is co

of G4 RS < Ao, BEVER ioes Rl e Q17095 Weeis of the ot

powpeaipssifiel.m ts a high netal |oading in the adhesive
conposition mhich i s desirable for high thernal and

tr| con |Ie the .addition_ of flake
e gt sp imbls o A Rbe oty S or rsial Srines s @sehiges the fow melting
pomf fetal bd Rhgas AMAY 4 BRltng Poiat well 5HEWIhaA Gf Hihidh melting point powder.
venti.onal éﬁﬁrnent used in the fabrication o

The Zicling BRIPE Bore dhout pQ °G| gomarsrhrlay the weltipe eint of the high
melt§i@tgdirit powaér. tMSrefﬁréthﬁBIyPﬁé Meﬁir?spohﬁ‘ (1)§ zhﬁ)u{e ﬁﬁ)‘a or. more below the

narntarnrn t he OnD eneous nature teria

meltig; pRipaoF H@ lrlalé rrré@w paint powidex. Preéerabintthe ilew meltieg poipt metal
pow&b?%om-'p—fl%smng |8r il élalgenpsodeg:teﬁ ma%%gmgﬁs?ﬁmé LP8h, Bi, Pb, C4,

about 10-90% by wei ght
Zn, lnohpoHli Bb.0%¢, and abaghommixauresy thérepfa Ibloylemyomta prefeitederohodiment of

the (Yiﬁr‘eﬂhﬁnvg tidnD Gnel Wlnelblpgvﬁéeﬁ{t (_ﬁ% If) i%o leedb‘n f, commercial solder

der abl e or a | oya
powrileg nrepiddefram 4 banbimationelftthe gietafimlmed rfEisaahlscS prelfmg th& the low

ot B g DB b B S R i o

hardehiegibr b&irg wthmpb@ni@ﬁb Pxinp @get! MobiprBREably, e fohemBiigh point

alloy is lead-free. Typically, the solder powders used have particles sizes from about 1 to about

100 microns. Most commonly, the solder powder consists of a type 3 (25-45 microns) size

distribution or higher. The low melting point powder comprises from about 10-90% by weight

of the adhesive powder mixture, though more preferably about 30-50% by weight of the total
14



mel ting point powder. Mdre preferably, the nelting

point is about 100 C or nore below the nelting point
wofodveodaz gh el ting poi nt powder. Preferably, PCaSk@wo09sse

melting point netal powder conprises one or nore
povﬁie? r@mp551§81|1 eﬁﬁl@ﬁ’ HigP %Jeﬁggg rl%\g pmeglﬂg ;Fbtlﬁtngllog/f ara! usel?II 'a large
Conﬁ?f%aﬂ?lé%‘aft’ r?@ra@b*imsmr%%af@r curpn a preferr ed embodi nent

of the current invention, the low nelting point

povﬂafardtﬁ)n@@ﬂ]ém(ﬁi@ﬁvecéorgo&QMEr cial solder powder
prepared froma conbination of the netals listed. It

is.also preferred that the low, nelting point powder
hav@ @ P‘?E%f?%’s“fé %ﬁ%@@@%ﬁl‘fﬁﬁ%@@ﬂ%@%&% lqvhapd high melting
pou[t&hétﬁl ;ﬁUWd@i‘s 4r® firf @lenbed Be&istg Ohorsdehddds ﬁflxtﬁ;ée Wlth the preferred

me“ﬁ%@‘%@ ﬁ*ﬁ E‘f*t“ém& gf%rngeq gba?grt qtﬁfégé tee;r;g}%ﬁﬁ @endmeof the powders

in aﬁQﬁ&ﬁgaSPﬁwﬂ QK §1t1‘é§&fj AL N%d%ﬁbfe' t6 |r&ﬁ1c§‘ch%%§1dfaﬁ<9{nSﬁﬁﬂﬂé mbthods of
to about 100 nicrons, st comonl e sol de

povilsrRignding, susheas shelblendingoare We{lifsowgtqﬁa@qe@h@yd i theart,
di stribution or higher. The low nelting point powder
COWthﬁ@Swﬁé&ﬂkﬁB@idhdde@T@@ﬁ%Mll‘?@hﬁBk adRdsivk %x%éllﬂgééﬂc% High
wder m xture, though nore rably about 30-5 by
she 3me ipecesgRry i enghre momegmwh@smgmg paste. A method of high-shear
bleﬂaﬁy%%Qﬂ/tﬁp&gﬁaiouﬂe‘ﬁﬂﬁ&a@qm% UFRbon ggtlcfﬁ' (thneé[al powder in

| evel s of low nelting point all oy are use
the Sipgcadhesivn proferablyy rapgseiom abait $0SB &by eight, but more preferably 85-

92"/?5}9%fgﬁf ofQfe Q)ftal taﬁt?estegt! ?ﬂo@%rﬁn%inﬁ&sofltﬁk A swe composmon

aration of con tl ve adnhesl ve Cconposi
pre Plﬁ vl &bwtakao%lbghvmﬁ,tbuh glorq)mefcrabhsealmmt &dﬁ%é:ysmglﬁ 1s comprised

of tfhﬁ rtﬁ&mﬁ# %alé %d?égﬁrgrﬁ c&%ﬁ?@tﬁo@leo%e #e%igle composmons are

wder's & bl endi
gengyelhf mast&dhkc nangdi areatyprcaﬂbmsum’qke rfalt LaluspensBige ﬂdmr@ of sylrit@e using
inert ch ni t en, is SO .
conBAAR Fepepinf SalBEebu, §on HF ey 1 AR Rpel Disbhgpety. e
adhqzsmmcbempbtlemdl anﬁgbe siitable dsr #pphitation beBBheiDor Rfeen Wehiing techniques,
) 8ﬁ §®% hﬁ ﬁd inthe art. To this powder
“@lﬁwQWBF% 0% SkHFA A WRA" her nml |'y curabl e adhesi ve fl ux
conposition. High shear mxing is necessary to ensure

hoigAttadbinent N t he resulting paste. A nethod of
hi gh-shear bl ending known in the art is double

r n Th centration of taI owder
P haNpuefhe Thettrdfl g CAPETIX L Plodfiont pETHeaboRR! Bbeuis, have
manpyuses| tghtadhdtsmes rapd anticwlhdy alellysuiibd fgﬁ%&hln‘gﬂdegfﬁonaﬁctor die to

he total. Si,V 0 Siti maj nder. of
subsiifee IR D i G AL LY g DGt BaB hein well suied
for bmdlg@ bf sdﬂﬂtorﬂﬁcﬁt&r owet esvadek Yo aibettitesSH fedtedRbBdLL the Substrate
the th |1y curabl e adhesive fl ux

and ﬁ%%%@?s %%@lee%%%l@wa@ﬁ galfi%ord%w&équta RSW¥ alfpyto form metallurgical

bondi€ S8R hieyallASae bbidsSpranie Bigh didéRbih Anbi YoudHok ¢ Qﬁérﬁalf Md electrical
dlspen3|ng through a syringe using connerci al

§E§h5|ng equi pnent wi thout the need for added
solvent. Alternatively, the
In the prior art, semiconductor power devices are commonly bonded using solder.

However, since the alloys employed in the preferred inventive compositions have lower

melting points than prior-art die attachment solders, an advantage of the inventive
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adhesi ve conpositions are be suitable for application
by stencil or screen printing techniques, well known
woaodhvoed2skilled in the art. Die Attachnment TRougis2d0me09886
thernal I'y-curabl e adhesive conpositions of the present
coniﬂ&)‘éiﬁﬁﬁsl g8 ﬂﬂé‘tV %etemﬂf@fcay Sishd  EBaANG3h VESURATE lower temperatures.
articularly well suited for attaching sem conduct
Boqre, the frsasiendtliawid phesp sintarisg|that, occire durigh htzatmgrmisults in high
melﬁﬁ@ gMﬁi élleE Mqapfneft Q@teﬁg% by %ll%g\(?est L Bﬁglhé(ﬁ:hhné {'én}p%lqature This
for bondi ng of sem conductor power
advaiipge P‘é&re@mrlqﬂ peldqss @t@nd@@oﬁdﬂh@nalbmmdt e thabsnpeattares used to
perﬁﬂg shgs%qﬁlén? efé@tr&ﬂ% {erhl;l?de s? h@étlaﬁé\ftietgr lﬂi% tgee F.rax?%ent éiguid phase

| ow- el ting poi nt oy'to form ica
sintegipgrpneeatian Rige glir@Salhe belmatsr fuo farméngt sgtongdany duigit dremgthl bond.
superior thermal and electrical conductivity. In the

Pr ik tRdrinallp @lﬁhlﬂé’ Aghesito Eoﬁ%@ﬁfong ¥ 4ne ‘fo?eséﬁt %P}%H%IPJ}E ¥lso suitable

bonded usi ng sol der. However, since
for aitashigg semicpndugier 6keéq9 a svlsifate i sifwations \tlmmthg idiei dl¢§um® or both

havé QWetalﬁﬁltﬁ)h rlﬂ tRQL IiHsﬁmE%a 1R R aE flmé:Ht s @(St\%gm NtA dhesion of

ders, an advanta e inven
the Q@Gaﬁ@wbst@tq:@rheuﬁz@ 8dtlg 09 mond&)fvptogi by tha polysctin abmponent of

the 'i.@/teﬁ‘i!l\leuécﬂﬁeﬁ@é aQ%ﬁlefcﬁgmth%%og an f¢ gHa[chﬁtentl odﬁ’gsrnées ﬁ%)msprlsmg a

t enper at ur es. her nor e transie
silveyi Hakerdrngpvidentlispaendrio adourillg résimtln riese elssmdnt:& oiﬁthlangirentwe die
t S t er.at ur.es
attaé]ﬁrkefn/% %}ﬂ&%oeg si?l ehﬁé[ ocuﬁ@ 1n?§#p grgﬁa(t éf gge Fven ive &Vg\%,ﬂvgg éaut no
metgvagicgdr band Matmnl d@us p!r thei niesfaeddoft thenairfatet bdingl goined. The
or.m subs

L N T IRV T S —

surfgaeansi ent Iqu|d phase sintering operation also cures
the polyner flux, formng a secondary high strength

bo e cur,abl.e adh S ve Cco
t hgﬂ) Bvreg%é n'% %ﬁ%@lﬁ%(&eﬁ theositerme lflt 08%‘1%@?1& Eﬂ?t%cﬁ? fghesive
pr0‘s®mhaghndstdtlmy adil ¢éhetroal @osdubtitityathen typicallyt foand pxﬂ@r anthdie Ettachment

e 5, RIS, R b, A REHEL b i
thermals sinb| electéiddle soralnctipfity. t Wethdi la%ﬁa,t thid f}ﬁuﬁ-lﬂ&@&lﬁﬁtc%nta& undergoes
B IR N S

occutiid the privieftiveadoinpdsigoriisina€ taEiler RANASH HESTEAVAY kifiteRd tgether.
silver flake or powder dispersed in a curable resin.

Ingigggggiﬂgéﬁgces of the inventive die attachnment

pr y ering occurs in the bulk of the

i nventive adhesive, but no nmetallurgical bond

f oAnaiethod afcagtactsngtin tefeetromit elefiae @s aodubktrute sorhpdee She steps of:

obtafeln efieBFie 95285 <THb i ronlton e HHAEdD e PP Fopirfce

obtabiiigf ac esbstrate with a corresponding bondable surface; dispensing 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 metal or metal alloy to sinter with the

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



However, in these instances, the sintering that occurs

in the bulk of the adhesive provides higher stability
wana4oaeneal conductivity than typically foundPpriuseo04/009886

art die attachnent adhesives. Prior art adhesives

ﬂu)nﬁ’g Yoo r&ﬁleﬁﬁ%]fh@ 'ﬂﬂlﬁingta &R WAE "polglfﬂehﬁﬁ Eﬁuc L&Eng?a%eﬁtv\??cﬁgﬂowmg

h E$FV|de er mal electrl
e&ﬁ@ YP €°Yoi nt - t o- p0|nt contact under goes
degradation, resulting in reduced thermal and

el et malt amofit @p ehetinv@ativettihbsi e pplRd 9 Ehe%ﬁ?ed%!ﬁfl area on the
n the |nvent|ve conposi tions since th T%

subglEps o i o FYIs; dspeisificequipaget leawn tosskgkdlled in the

art. dﬁhe&dﬁéﬁﬂﬂs/ﬂldﬁ@ﬁs@@ds afsnalitR¢ Bk 'ﬂgaxﬁﬁp%eﬁpt lgma&bﬂ qﬂé gcﬁwswe is
to q a, substrate conprises the steps
stergl g e g‘&/ﬂaeté usigg stengid pentdng WE@W@I émowm urhﬂm art. Sufﬁclent

matb€:£S4 diopasdaas g@hie@h§f&1§1§t§c§1 of aQhb f’rﬂEﬂQ it PSR t%{) Rdge of the

di m%th a correspondi ng bondabl e sur di spensi n
1 pisr dlpceent. YHeg eaave IOE@IWEIFCFWHWE@IWE ﬂl:@rdlt) rsethmplaced on the

bonBiak Aredfand Bféssﬁ@ Wﬁ@hﬁic%ﬂf fo?é‘eec?] §Asufef H])?etg } Lat oFthe th8 Hnderswle of

|l ectroni ¢ device; placin oni ¢ ¥t de
the dlig avidy fhe adhgsive. Ihe aysemblyds themHedsiden su fomeﬂsn 1setherm:ihbﬁzd ,may be

used Inaf sld¥erdvdy, @rﬂlﬂtlﬁ)ng QbiL & V@%%?:F%n%/\m in gt : 18 en@éqygfl g cither

onbi ned dassenb to an Peva enper
casq, |£Qr S vy todzfccurhthe rag:’,eatbilyvmlu‘§t ealv the hteltrtg lnoidni tdﬁﬁfeﬁxlture of the

low Qﬁelﬁﬁg gélnt Qi“ero%f & ﬂll fri‘lgl%];a%ﬁgl cure}b? Jﬂ?%ves ﬁH}f g&%ﬁﬁﬁsllltsp%t lﬁéggns In
some em\@ptn(pead}aeswegctomppbltwnsg muitipht pasedsahroogh ARty Blech MaydRtheeded

to cd to react with the 16 WO
o o e 0041 Soobs6 11 un, ng agent,
rendering the fluxing agent inert; polynerizing the
f | 0he fgloadneraxamales axanllumuange oﬁﬂrei"ea&isan’ﬂiﬁd}méms ek mvénnon and

Qf s adhesiye is applied
ore ST be SRR S it WSRO RS AL BrisErutBR i gven i weight
percendi urdess othevisd roneall and yquahg eotdlio§ pe0vsi ng equi pnent, known
to those skilled in the art. The adhesive is
di spensed as a snall dot or in any pattern.
Alternately, the adhesive is stencil printed onto the
ts_using stencil printing equipnment known in the
ExaraPlﬁl Iyyertive DigAttaokment Cearhpdsiiodi spensed to ensure the
formation of a small fillet of material around the
Compeftsof the die after placeneny,, tLlsing &@pventlona
di e pl acenent equi pment, the die s then placed on the
monbaA(hctigeilopBoxRthyPsiesisme W t h ufski cienty fapce to
ensure conpl ete coverage of the underside of the die
Hexahytiophthaliceshpdiidée. The assenbl y g5 then heghed in an
oven. An isothernmal oven nay be used, but preferably,
BisphenoLiAtdiglyaidyl stheder refl ow ovenyl. sgnown i m.Yde art, is
enpl oyed. In either case, for sintering to occur, the
1,6-Hexeradisil diagydate r each the melt 0©.26gqui dusy.68%per at ur e
of the low nelting point alloy before the thernally
Azo iggysinhexanensehontde f | ux conposi t POALtgar der5003Pa

Silver Flake 8.1g 21.06%

Copper Powder 9.5g 24.70%
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some inventive adhesive conpositions, multiple passes
through a refl ow oven may be needed to conplete the
weioi4awiaag process. The fol |l owi ng exanpl es ar ePCT/US2004/009886
illustrative of preferred enbodi nents of the invention
anﬁexaﬂ&(ﬁo%?l{lalit: oarmgdﬁd%n Wb UBLoREd |th "Bispdot Qe didNER | QRer by
t hereto ercentages are given in welght ‘percent,
warming @ssmammeuomé@%m@@ stinthgde fram schomyigeheons mmm% the blend was

lnventive Di
coole@ %o oxhogn} S}:elmgﬁ gtﬁe% mono f (@g’c Qc‘i{)lﬁglggz{)%ﬂgp osﬁé a?eﬂ 6-hexanediol
dlac@macamlaaze lﬂso&ﬂghéxaﬁ&%bohﬁkawmrthphammmtmsthmg |t<DI eomplete the

polyTerGEI% rﬁé%ﬁe%tl%tgtﬁher%sig? 9%%1:1 | dy}gg% /E pﬁ\rzate CO%%II;IJ’GI’ 98160& flake,

coppbi peytel alnk5@Bi4LSar dohdet pbw&r&fe@@ﬂ:bgadﬂudﬂ@%alﬂl tHargler. Ahiskeixture

oo e SRR SO RSO R 8RS,

sheathinBs@l it @GndchanRiab pleaded) Fikhlig] Bt yittdelwas tdh@ssddymdﬂrhmmcuum.
the m xture to 40-50C. After stirring to forma
ous m xt ur.e
ORIBIARH ek R o R S PAE o
and HadGa tmeooainﬁ beailboutdll 1ae00¢chat@ lapm, le‘) The composition was apphed toa

s TN LGOS E SyMMEDO RGP Rl bl o s

tempeRura 6hER °C; f1WRA Bl ta poBt cutdlatd 6SEPRE 30 enimned dhe essistance of the
silver flake, copper powder and 58Bi 42Sn solq

resuliganstal SeHEE It H@thaa%Q RgieERRgrisedriy alhigle [egvolume

remsﬁfnmtoﬁboﬂobﬂﬁ[&n mﬁﬁheﬁnﬂﬁncﬁﬁd&ﬂf@ Ooft Q%alﬁ?leymh[lalflﬂ' l¢i§red had a
Horog enelty was ac |eved by hig shear .m Xi

condpeltiratcH-S B/ender A Fx édpwlhqoraéhw%b artickglgold o @&é@%@&on was
attacHRFRY arinGher¥iBf YU COIQQ cBgl%g cia@'Hrm%SJn%uM@ﬁtht 188 ta8kbsfverand had

viscosity on a Brookf one and pl ate viscometer
voidingdf 18 Yaand adio shaay smngﬁb%ﬁw pi 1@@@@1@1@ of rImaierial meagured on a
Perkﬁrﬁafép H%C fid 1'119&18 ﬂ:fﬁg%e'r R54 4 Qofge Bodsgs SF 4 Q Qrﬂﬁa coefficient

sl'ide and passe ro m nute solder re
ofﬂmwmﬂemhauanSQOmmeC1tenperature of 210 C, follomed by

a post cure at 165C for 30 minutes The resistance of

the resultant netal coating was neasured with an

Onnmmeter, and used to cal cul ate the vol une

reS|st|V|ty 0.000051 Chmcm Thermal conductivity of a
Exarsplnp| lavenitive Dig AffachmentCanapsiiionconduct i vity of. 16.5 W

in K A5x 5 mnsilicon die with a nickel-gold

ComPBhdld 1 zation was attached to gf i mrer sy@y gold
Coated copper clad printed circuit with the adhesive

mon@-@ctnféﬁﬁcryloyloxy)ethyl succinate 0.65g 1.690%
Hexahydrophthalic anhydride 0.85g 2.210%
Bisphenol A diglycidyl ether 1.5g 3.900%
1,6-Hexanediol diacrylate 0.26g 0.676%
Azo biscyclohexanecarbontrile 0.0011g 0.003%
Silver Flake 9.7¢g 25.220%
Copper Powder 1l.4g 29.640%
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voi di ng of <0.2% and a die shear strength 3200 psi. A

sanple of the material neasured on a Perkin El ner
wdyaarmve4zechani cal anal yzer had a st orage nodeCuasefo4/009886

9.8 (pa and a coefficient of thermal expansion: 28-30

63Sn@9Pﬂ§61d§’i%WHE1e 2: Inventive Di gqALtachmeptcdgoqrposi tion
Conponents Amt wt % nono-2- (net hacryl oyl oxy) et hyl

S%&aﬁﬁir%pt@ha@l@garﬁly@f%(y%amﬁbwgd QR hBisgtehsl an Iﬂ?ﬂidld%& ether by
0. 85 10% Bi sphenol A diglyci dyI ether 1 3.900%
wamg_mgtkmaﬁgqjﬁodp M achijerativing to Byma nqqg@mlxture the blend was

cool% s(ﬁyfdgﬂg etérg'%@%g%&oﬁl%d EX Q\/IQI:BQ%OJ'IQX e 913;%002‘32&[6%% ey, 6-1’18\)%16(1101

dlac@@m%@@@@dm%ﬂm@@@b@@%‘@@re %@S@Wb’v@oﬁﬁ@ng It!bmmplete the
V/

ot 8y R A AL O R B v ke

coppbxmepwﬂer( g €383 730 s80E. popflerewers mikqd; mgng @hmirbi@raier This mixture

o BTRRFAGEN W66 B8 L 500 RS ROLE L0y by o

sheadmBripein amedthatical Hieadar \Higelly, the chixtume was degassed under high vacuum.
bi scycl ohexanecarbontrile were then added with

St Tl{er ﬂgﬂgtg l&)a&% 'Wis%s?edt ﬂalews&gity BRL Hrbdkfie RO RN blakf viscometer

nmposi ti on. Ina separ ate cont al ner,
and had wmsccfSitmkd aboub%%ﬁ@ﬁoqps\ﬁ@lrpmn as-6B ShemrY ceudugtivity of a sample
T
SR SRR, TP 0P AR B B0 o
post bimerag EQ(Ethyr IS e ivey mbahyecfmog)b 16hBEm K. XA 3 § mnasilicon die

mechani ¢gal ender. Fin the m .xtur s, de .
with RRbE G RREAH s St B aTe s EERR Fay printed
circitl wilOHe hdheSiRe andHadtsidigl i <0QPearnlipsi@hestiéhSh oNBSM®Ipsi.

and had a viscosity of about 2380000ps (@1lrpm 2s-1).

Th rmal co ctivi of cur.
vl ol et et GrRee 4 B Pl Paf e gome may

be v&ﬁedaﬂ Ghaby wags. | Md/afdiytuﬂls a&Qﬁit by Ega&ﬂedl&(}Cde‘paﬂurB @rom the spirit

m nutes was neasured to
and $69PF BrfhEenyS: Fbicch mztsw’ a@élﬂé‘ ﬂé\f‘éf*?filg%?ﬂ% sl BHORAR to be
inclidkd ¥ahdhd RopdofithaBIIsWRE cihahegl coated, copper cl ad

printed circuit with the adhesive and had voi di ng of

<0.2% and a di e shear strength of 2800 psi. The

i nventive subject nmatter being thus described, it wll

be obvious that the sane may be varied in many ways.

Such variations are not to be regarded as a departure

fromthe spirit
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and scope of the inventive subject matter, and al
such nodifications are intended to be included within
woheosgoapae of the followi ng clains. 19 WO 2004P09@82@4/009886

PCT/ US2004/ 009886 What is clainmed is: 1. Athernally
conducti ve adhesive conposition devoid of fugitive
sol vents conprising: a) a powder of a high nelting
%élnt netal or netal alloy; b) a powder of a | ow

P eleimpddSi nt netal or netal alloy: and c¢) a thermally
cur abl e adhesive flux conposition that is conprised of

1. 4 iherraalpodoyidmttiive adHesivé banpdaBioR dedid 6ﬁﬁélﬁ§§§gl€e%ts% B
formul a RCOOH wherein R conprises a noiety havin

r bl e .car ban- car doubl e bonds; and

%i a)pOW%elpoqja)ﬁtn%n'Béﬁ&%mm’t%ﬂﬁé’éﬂaﬁﬂﬁ ‘the pol ymerizabl e
fluxing agent at el evated tenperature, rendering the
polaypewderxdlallew ieltiigpginagen oi mealtallo@, andhe t hermal |y
conducti ve adhesive conposition according toclaim1l

I [ or. tal alloy
O Ry GO nelFe B ofiBybn IR SoRlnh "
consi sting of copper, silver, alun1nun1 ni ckel , gold,
pl & numpolyateriarhly xifg pgent Fepresentéblbl the formuli @1(:00}1 wherein R

f gg?le:)% corh .ri%@s a 'EQ(L%? qx%%gogg %a 3“{69 éély%gﬂzab exct:alil‘ on-carbon double

conp05|bm@ﬁ atcording to claim1 wherein the | ow
melting point nmetal or metal alloy conprises a

ma(lﬁgb a&n@%ﬁ%‘% S‘E‘Q:n{ kP %au_?,ﬁrltﬂ égéj B%fé/ %a%tl ?10>§1§§ £ ﬁg“n[ at elevated

m xt ur e@nmh@ﬁlé@ffendﬂrmgmePolmp‘mble)ﬂwmg@gentmeet adhesi ve

conmposition according to claim 1l wherein the
2. PR M{éﬁﬁal@a&;lnaud‘dv%uﬁ&l&% oSREP Eéc%ﬁg %‘to'%l%{ h&herein the high

sel ected fromthe group sistin
melt(qgé{qqg@mqql@wnm)ag@}hwmg@gﬂi mateelal selected from the group consisting of
copﬂ(EP @Hv%él{)i}]ﬁﬁlﬂ g{l(l%(ég%/ o‘Pc?% aﬁh{% Emch AL Sy 1ITRA rhodlum nickel, cobalt,
lronnmimb@n(ua@nwl@mseu@mmtmw thergefi nat e and ni xt ures

thereof. 5. The thermally conductive adhesive
3. CRIBRRAAIOD il N

PR RRA O0nBEARE Haive ool RFEFL By Eﬁn ] &Léremgthe low
meltmgr@ilré tmata) oo ekl slivresnsiprisexii higgaldplected tiem the kg‘rcmp rcermitmg of

I edi.net hanol
ﬁl}),%dy gh dﬁ{ Tfﬁtﬁ]%rb Selan%l a?lx%agl?g)ﬁ%ﬁqree)s{ )t/ eﬁ%) hyl

3, 4 epox cyclohexanecarboxylate
4. fGher erially | eppriuctivg | adbesivel coropopition| aaverdingl Yo icthth prm}m]ém the
polyﬁgﬁ%lneeﬂlgﬂntgé g%]nt %oﬂgﬁﬁgﬁyﬂlﬁ@xﬁéﬁl seﬁ&lag "front Bloxé/roﬁ)pr gﬁ’slstlng of 2-
(methacryloyloxy)ethyl —succinate, —mono-2-(methacryloyloxy)ethyl maleate, mono-2-

(methacryloyloxy)ethy! phthalate, mono-2-(acryloyloxy)ethyl succinate and mixtures thereof.

5. The thermally conductive adhesive composition according to claim 1 wherein the inerting
agent comprises a material selected from the group consisting of bisphenol A diglycidyl ether,
bisphenol F diglycidyl ether, 1,4-cyclohexanedimethanol diglycidyl ether, 3,4~
epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate, N,N-diglycidyl-4-glycidyl-
oxyaniline, glycidyl phenyl ether, glycidyl 4-methoxyphenyl ether, epoxy propyl benzene and

mixtures thereof,
20



20 WD 2004/ 090942 PCT/ US2004/ 009886 6. The thermally
conducti ve adhesive conposition according to claim1l
woéuoddveesszonpri sing one or nore conmponents SsePETSAN04/009886
fromthe groups consisting of : (i) a diluent that is
f i 7 it b, ' opte ..

6. BB LR NIl 0o Booroffh R RAET, her comprising
one @aunre eorpfonente eclecketi franh thergravpatarsisting ¢fizi i ) a curabl e

resin; (iv) a crosslinking agent that inproves

cr @S| iiegt it ; LA WRitR e flubitle M Bent 348 Wnterizabl
an (vfﬂgﬁlgbc%f%r ?gygﬁghﬁﬁcreéggn?lﬁfkgtg g?l ¥ zable
r eact i earboR-carbhe doubde banlds;y conducti ve adhesive
conmposition according to claim6 wherein said diluent

00@2” Se3ufte TREEL JadlcaiSfiigsised from the group
co f 1

isting o , 6- hexanedi of diacrylate, 1, 6-
hexanedi ol di net hacryl ate,
t r (i 2-4 AN %) et hyl ] i socyanur at e,
trimethyl ol propane trinethacryl ate, ethoxyl ated

bi @henodrogilimeny hgdne thanEhpidveh Uioesinkh@rogde GuabldRsins or fluxing
thermal Iy conductive adhesi ve conposition according to

cl ai m GSHer @9 said sourse of free radica

initiators conprises a material selected fromthe

gr@yp censéadratogtodhcrgaaeyite op@t@vnde, cunyl peroxi de,
1,1 -azobi s(cycl ohexanecarbonitrile),

' -azobi si,sqQbutyronitrile.. and m xtur hereof. .9...
7. Tk BerRaPn o e o yamaiisa bRl 5 HeRTh sid wituen
com@Pxe® hthatgridl Gelebid Mrdon Weeg@iym consisting wf dlhd-RexanaBolndiacrylate, 1,6-

CONpri ses material s cted fromthe group .
hexaggiah ¢ AR BP U0 csRpaeniry el shaeRrE: *n mpiiygipropane
trim&@hRH2At, CroRyRied (bEthfﬁ@l Yitdrehltane mixtpeb fHerdodes,
i smal ei m des, nal ei m des, cyanate esters, polyvinyl

b
s. The et vehSintiic et PRt -GRTis G it St b tolrse of
free %t}i‘éa‘?itiﬁlg&f@fsdcon?@ﬁﬁﬁbirﬂdtém sa_Eﬁth_l ftbﬁﬂ'?fei sesp @omsidtiag i of| benzoyl
sel ected from roup consi sting of . , .. .
perogide. sl BEREASI L -SRFF BESXARERIRAPNIIG: A Haphigisobutyroniaile,

and ARRYEY thel@er, Nadi ¢ net hyl anhydri de, 4-
met hyl hexahydr opht hal i ¢ anhydri de,

5. THRAREBAD SopaicthR BURSRBF SR Py Lt PO %o BTG ren sad curabe

resinCEUMREés d MBteABICRIied FronDthe |gadup donyikiiigifepSes] phenolics, phenolic
accel erator conprises _a naterj al s%lec}ed.fron1the
novaicsufetoliR d10¥tiaGig Pely uiethaResy BYI¥Imics, prsmalesmidggy malcimides, cyanate

este@,%ﬂ/vg%@ %ﬂ&lo?gély&é}g%ﬁ@ PO9@Las.

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 phthalic anhydride, nadic methyl anhydride, 4-
methylhexahydrophthalic anhydride, 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

21



derivatives, dicyandi am de, biguani de derivatives,

tertiary amnes, transition netal acetyl acetonates,
wana4drmvedseir es t hereof. 12. An el ectroni ¢ assenBCY/US2004/009886

conprising an el ectronic device and a substrate bonded

deridtivas, 5d1£51aﬁ&1§1ﬁ1cfeh €hi g@én!lc)é Cd%ﬁgé{ﬁ;eé V%er%gﬁg Sén\ég%r %gl?sﬁﬁm metal

adhesi ve “devoi d tive solveénts
ace'ﬁ C%To%%d%l}df@lﬁmﬁesﬁh@wfnel ting point netal or netal
alloy; b) a powder of a low nelting point netal or

12. pBt alkcttniONssedBl lnphisih %ﬁr@ééﬁgﬁu&e@ﬂ)e &adh S@tﬁégt fzbtfﬁﬁ%i by a

sition that is conprised
Smt?rp‘g)%ﬁ?{ﬁlagﬁ efpndugtive ) adhesiven enaidi agheaiye ndlevbrd loﬁ duogitiné tsblvents and
compF&ng:l Uxi ng agent at elevated tenperature, rendering
t he polynerlzable fluxing agent inert. 13. The

Iectrg % gégfnbly according to claim 12 wherein the
YnéPREFTPI & etunddiingroad metal pf mgtal dloposi ti on furt her

conprises a polynerizable fluxing agent represented by

Whe péwderiolf a loviRGEeXk phiar @] IR nfIRIbS 654 @ MOI ety havi ng
one or nore polynerlzable car bon-carbon doubl e bonds.

4 Iec c.assenbly S|t|on according to
“hmﬁaz‘ vﬁ%‘éar ?ﬁ%e %WPQ%? yis ‘qu‘%ﬁusﬁ‘bo%gen?

conprises a material selected fromthe group

cotiki std pjyroérizable (flurinp agany:| oyl oxy) et hyl succi nat e,

nono- 2- (met hacryl oyl oxy) et hyl mal eate, nono- 2-

( NG hacz[ny krfa}fl % ?Qeﬁit %’{r%@f (Vht%l @12:6 l{xéngaﬁ%en;:na;(tegﬁ,vg@d temperature,

nono- 2- (acry succrn
t hendasing thelmlytﬁﬂealdb ﬁuxlng)agent mssenbl y conposition
according to claim 12 wherein the hlgh neltlng p0|nt

13. "I'l‘iBteﬁlctr&ﬁc Qﬁ&lﬁbly%&o%ﬁn%: Q)rgfe[lfnsl%%}%rem &éqrwg]ﬁ e(lzuera tle adhesive flux

fromthe group consisting of cop

compgisiign nfyrtherneaskpsises gqjodjqunizaiﬂe rﬂmmwp@ehﬁebpwﬁnted by the formula
cobalt, iron bdenum

RCO K

OR1 N LB UG S S b e T B rton

dmmké%@dbly according to claim 12 wherein the | ow nelting
point netal or netal aIon conprises a materi al

14. ?ﬁé @1%51:%1115 5&&1}619%&158%@ ggrdllslfglotg J %Wd%k%srlﬁfln g ’pol(}'/:gﬁzerable
ﬂuxntgq ea@gf CaTprisTH ea e ineatetr fab nsedeceedls efidah Y tIRC CAOEY NBorfsRting of 2-

(e BN T, bl o o oA E o ERERiG gpoeate,  mono-2-

(methatryjsiybmy)ethil ;ihb@h]yte; fipho-R4(feyloylbk d)%@lh?l"hﬂl:cn’fate £l N¥ures thereof.
2004/ 090942 PCT/ U82004/ 009886 di gl yci dyI et her,

anol di I, dyl. et her
15. T%-x,e %l’eg%%{)%(g %séﬁﬁﬁ os Sion ff:c% 1gg lal% 12 wherein the high melting point
metal or metal alloy comprises a materlal selected from the group consisting of copper, silver,
aluminum, nickel, gold, platinum, palladium, beryllium, rhodium, nickel, cobalt, iron,

molybdenum and alloys and mixtures thereof,

16. The electronic assembly according to claim 12 wherein the low melting point metal or
metal alloy comprises a material selected from the group consisting of Sn, Bi, Pb, Cd, Zn, In,
Te, T1, 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
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epoxycycl ohexanecar boxyl at e,

N, N- di gl yci dyl - 4-gl yci dyl -oxyani I i ne, gl ycidyl phenyl
wetharosov4gl yci dyl 4- met hoxyphenyl ether, epoxyPpTaS104/009886

benzene and m xtures thereof. 18. A nethod of

dlgﬁtzlglglcegh&gl an al)l?egiaﬂegﬂﬁe?haqﬁl (%1&12%1591 ether, Uﬁb/§ E}gcgi;ytg' tlohe)ﬁylmethyl 3,4-

eSteSO alnlng an
epompbéewmrwwla@a%Ndnglyd@d)ﬁdaaiy@dsdmf/mlme (ehp)cidyl phenyl ether,

ngabl e
o S LLAB,BySPR LB b AR SRR LY
adhesi ve on one or both of the bondable surfaces of
13. Ariacthebet attaehingin dectienie davies @ sibwitatesamgrising Bisteps of:
devoid of fugitive solvents and conprising (i) a

\f%%nlﬁg a@el@étﬂ)hlc%{n%é Rh POLRE oPiAliatd siltal al | oy;
i) a powder of a low nelting point nmetal or netal

and i) a thermally curabl e adhesive fl ux
@aﬁﬁ%@WPgﬁﬁ&¥ Q%W“EaéﬁﬁﬁP? gabl??'lb’faﬁ.e=polymarlzable

fluxing agent; (B) an inerting agent to react with the
{d) ubispeasigge thiernadilyebadiatiedtadhesipesabny &, botl eMbebordghlt Berfaces of

pol ymerizaple f]uxing agent inert.. (d) placing.the

D b Rhefateg, el eRacs md Fiesg et "ok esotvents and
surchagpdsiaf the el ectronic device is mated with the

bondi ng surface of the substrate, thereby formng a

conhi ned a heatln the c i ned assenbly
tor@n el é’\?g é’%éﬁgei%’}%pé’mt Qbye@gggﬁyng t he powder

of the Iom;neltlng point nmetal or netal alloy to

I i qiief ya potvileralfladaw mgltinp @oint metaf oratethlaloyyahd i ng poi nt

metal or netal alloy to sinter with the high nelting

poi riin .to
Pl bRty R s Ra fenaR bl PR BRRE b
agent inert; (g) polynerizing the fIUX|ng agent; and
(h) all &M ngaphlamméhtiwlng@gmol 23 WD 2004/ 090942
PCT/ US2004/ 009886 19. The method according to claim
18 wher ey the 1nteﬁﬁ‘1f; BBk Yo ©ht Whech@ﬁtl‘ﬁﬁé ¥&ent htevated temperature,

conposi tion further congrlses a polynerizable fluxin

agent r egndedrgthe polppenizablefflyxinglagent REOH wherein R

conprises a noiety having one or nore polynerizabl e
RRRGAE BREronflOd 8 oRARASbstelle soihe bHﬁ‘JaBH:dsuﬁQ&:Cthh@&ectromc

0 claim 18 wherein the pol ym zerable fluxing agent
cofgyice isgmafed 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;

() 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.
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materi al selected fromthe group consisting of
2- (et hacryl oyl oxy) et hyl succi nate, nono- 2-
woOreidvacasy| oyl oxy) et hyl mal eat e, PCT/US2004/009886
nmono- 2- (et hacryl oyl oxy) ethyl phthal ate, nono-2-
19. ('ﬁ’fef YA dOXYordiy o SUGH MRt f
he net hod %l.CCOlF@/dI(I’)] to (r:iga@'hé}?g‘ wqe)(ttl}éhﬁﬁp{] {?81% adh%gm flux
con}?@ﬁlflplh Gurthsr rrompeiseg] a @plymlaablqammmg agomtpnep@eemteal by the formula
C sgl f (0] _
R @@hsgvpajel R g% %gesnelf g{gﬁﬁ‘i—}h ﬁa\gﬁ? gﬁe %Fa org' E[J) gleg bge d@?ﬂ'ﬁ(})ﬂ carbon
doubl@rbyncﬂa um rhodl um nickel, cobalt, iron, rml ybdenum
and alloys and m xtures thereof. 22. The method

20. aﬁféoﬁlgth&g a&c@rcﬁﬂﬂo@léﬁ l‘gh\?ﬁe%lﬂ tllieb[gol%myeﬂﬁlletdu@gﬁgpa%%lﬁ Cj:omprlses a

met al or conpri ses
matgtizd rpelepfed dropuphe @ymﬂ @msmtglg)qsf Eﬁnetmcryléddpxmhylzmcmatﬁ, mono-2-

(meglﬁcwygt%ggthgccor H O%I%a@%ﬂ’f@]y\%’ gfethty[‘ rgﬁtgélgtre ti n fnono-2-

(acrzigeloxy sthybsucsioate anchmb@rreahelgd ected fromthe group
consi sting of bisphenol A diglycidyl ether, bisphenol

21. g}“légl %E?Qgcgll ?é’éorxﬁﬁ%@f c%alin g%\g)%%rg{/ X gﬁﬁrﬂqﬁél{ﬁ?%gflgtoﬁlital or metal alloy
com@p@ssyaagngteuhlesebn@d gfroboﬂlylm@ consisting of copper, silver, aluminum, nickel,
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22. The method according to claim 18 wherein the low melting point metal or metal alloy
comprises a material selected 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 claim 18 wherein the inerting agent comprises a material selected
from the group consisting of bisphenol A diglycidyl ether, bisphenol F diglycidyl ether, 1,4-
cyclohexanedimethanol diglycidyl ether, 3,4-epoxycyclohexylmethyl 3,4~
epoxycyclohexanecarboxylate, N,N-diglycidyl-4-glycidyl-oxyaniline, glycidyl phenyl ether,
glycidyl 4-methoxyphenyl ether, epoxy propyl benzene and mixtures thereof.
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