WD 2005/ 016580PCT/ 4JS2004/ 025013 COVPOSI TE METAL MATRI X CASTI NGS AND
SOLDER COWPCSI TI ONS, AND METHODS BACKGROUND OF THE | NVENTI ON (1)

Field of thewgnedsikan [ 0001] The present invention relate I
to conposite castings and sol ders including brazing, and if(‘ﬁg&%“%zg‘%

particularly the present invention relates to conposite castings and
sol ders which contain otganofu i onal inargani ¢ _0x| articles. The
i nvention further relat e?‘?&%ﬁ%ﬁ%e’%%gébggd# (2).

Descri ption of the Rel at edgégbeROfGeddsmmironsei gind Mastopgs are

i ncreasingly used as substitutes for cast iron for reducing

wei ght . Casti ngs have many uses, especially in the autonotive and
aerospace industries. Oten the |light weight castings do not have the
performance or reliability of the iron castings. One approach to this

probl emis t PHEFREELhPEhTEEr BRENTIMSerts at critical stress points
in the |ight weight castings. [0003]U. S. Patent Nos. 6,484,790 and
6,443,211 to gers_ et al.. teach a nethod for formng |ight-weight
conposi te nmet &) cASElRgeLi RRBr FOYRRGINR met al | urgical Iy bonded inserts

for a varietyimforappl i gaki Opﬁesﬁn@_as'[iiﬂl&nﬁ&bﬂ()d ddigkddes ddiesfiap ofto
coating the insert wwth a 'first |ayer under condjtions includi ndq
sufficient te&BCELGFe B35 EdRT8e 209y SPLABES ofineheding drraping and more
saclrl ficed bmaﬂd_timﬂ]‘fﬁk-m% Ifﬂl&f 'f;ji%sl@ﬁﬁt ifﬁuia’ﬁtig&]E fefwété/ﬂgl ke | eaMpdtite
at least a portiqgn of the ' first |ayer as a diffusion barrier ,

bet ween the iTEErf'98nd ¥R cé‘ﬁl%ﬁEFeri"ﬁ'fl.c 00833 P&F@ﬁ‘f‘oﬁﬁ?"gtlonal
6, 006, 819 t 0 iShimjantic ekidé.pattebddees ahal ientndmasedtherposiie=s to
menber having, gn_inereased strength.aof bond between an al um num based
body and a cast IIdOI’l mat 8F1ar por ti (} Which is incorporated into the
al um num based body by casting. [0005]U.S. Patent No. 5,333,668 to
Jorstad, et EﬁZ) Description of the Related Art

[0002] Light weight castings are increasingly used as
substitutes for cast iron for reducing weight. Castings
have many uses, especially in the automotive and aerospace
industries. Often the light weight castings do not have the
performance or reliability of the iron castings. One
approach to this problem is to provide high strength inserts
at critical stress pointg in the light weight castings.
[0003] U.S. Patent Nos. 6,484,790 and 6,443,211 to Myers,
et al. teach a method for forming light-weight composite
metal castings incorporating metallurgically bonded inserts
for a variety of applications. A casting method includes the
step of coating the insert with a 'first layer under
conditions including sufficient temperature to cause a
portion of the layer to be sacrificed by dissolving into the
cast metal material while leaving at least a portion of the -
first layer as a diffusion barrier between the insert and
the cast material. )

[0004] U.S. Patent No. 6,006,819 to Shimizu, et al.
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teaches a process for coating a ferrous or alum numarticle, such as
an engine cylinder liner insert, to provide a netallurgical bond with
al um num al | k@l cast around the article. [0006] Legd-

. 0, 305 61s5d ( f{j—ni]
el ectronic solders are low nelting alloy systens. However; #@F‘W%O”
service performance in nodern m croel ectronic applications requires

that they hav r er chani.cal (TNE) capabilities, good.
di mensi onal s?%%?#’%?ey,ggndgﬁgﬁ%%% st r &9 8?3?? n. m&ES@SrTNE‘a"mg an

per f or mance i éntnweénstrengmt ofioboué, batvespaes/ ddfwrisem-aaded body
consurer el ecsﬁ@néccgaﬁ)@l 1 £8h ! QDSer &N %rEE&%ewﬁictry%{é Oﬂ?cdz%\&)cja\é%fl into
severe thermal excursions. In typical "mcroel ectronechanic systens
(MEMB), the dFiemlwwHaruwthanead bpdpfby mastiprgr connect s becones

i nportant, si pggoshe | i, | BaReht o Ci ECd NAATYS 1HELCRE! Vet al,
electrical current are placed very close {o €ach other. Hi gh current
densities enchbtMtted HFaRaf FERBCOMNMS 8 FERTOYRIRY atd g num article,
applications, syt apt &sal Wit f eyl eh®Gt r 0mheF atia M, 0bL8Mprovide a
[ 0007] Conposite solders are solders with intentionally incorporated

r ei nf or cement SHHerF e R8I JEF8r afuBinwhp s Yo Watesdsdr spet around
conpati bl e rethd ;gae@Rd.s i n sol der systens. Such nethods incl ude

i ncor poration é)i internetal lic (Ii/[% rei.nforcenents by in-situ or
mechani cal m X %é]mat hoFd-TEERaRT ST Wit AGLABT RIS &RY MSd&ripar atkey
| g/g: 3" rect Ihy systdie 'SO|HI§igebVFﬂSt exh@trcogwﬂr?et E@emb&knl ]ahaeloov\_ﬂeamodem
added to the paste.tol by. . reacting with.the en, sol der rin
the reflow pr@%%rsosélel%\ﬁ?\%‘ , a§8@ﬁ°a‘€/&9’%)d”§ﬂ6‘i6§§ogﬁ#u%56§4 6’5%0#%11’5

r ei nf or cenent shémroheichalpd cadver €M creapsabilisiize, | N gaddli t ddnensMnal
rei nf or cenent coarsen i sery] ngd affect thei
effecti venesss.Qt e:i\%t é pe%‘l%r ﬁ%ggaggprgégﬁgﬁ?@li%%l@%d by |Ci9€d ™
rei nf or cenentpertigyhangebd sy dmiped tdepefol ngutomdthisre,y percfspake / dfEnse,
r el nfor cenentondTelAadnised, kALl RALAL PGl | AlOA! GHIBN! 844 8k ons
their coarsening Kinetics during servrce. a ‘consequerice,

particul ate r@?‘fﬁlo’reped somRssi t dhsgider s sagersiomsbeen i nplenmentgsiidad
the actual el@ctiAieeseldehahbef CO Walgladhhe 1 éd ﬁ.dr.?ﬁ%g&?oﬂaﬁ
the mniaturization of the efle.ct,ronl ¢’ conponents a need for solders
with sub-m criidifrorde it dnkasceRRIteh &GCOPEE0SRAT BREEY natrce the
approach i s tNird3CORROr p-e€nt 88" toR@hiikCUbSSAdd i@ CREBRYS Lieliiical
solder matrix. One such attenpt is to_incorporate iron particulate in
the presence GFENragret it 388 oM ChedrFckacts, OGRSE - andigh ypurrent
Kamm ott, "EnkaizdedesoletiebuftboydPenf sicmngemdy dM@nehifent generating
Di sper si ons", IELEE Transactions on Corrg nents, Packaging, and , ]
Manuf act ur i nGPFECRRGIEBES: Pafir @t 7 ?‘:‘tﬁffs 45%FF57, €1§gkremigration
| ncor por at i orpreblessan ¢ particul ates such as alumna in the :
electronic s has_al so been enpt ed. e problemw,th thjs

net hodol ogy ?ﬂé’%t% rﬁi agg?%rﬂ%?%ﬁ%nsgﬁeﬁr% & nﬁ%‘%%‘?en“f%%uf?ﬁﬁnﬁwﬂly
refl ow processicomkbngtédenretbnfwereatbar ger Thézes hatd poe@s. several
Attenpts suc hani i rol.ling. .19 k up and

i sperse host aBr el 8o bBhFH i et B Bt SR r Rl {n sotcer
associ at ed pryBkens- of int 8rfhce meduokisng bBetheda t hinceipdoaicienent of

and the matrigxtk [ ' [glgxsﬁlg)r p;Resistant, Low . .
Mel ting Poi ntl_gg?ﬁ%%%ygmféh(%@r g’f?irll{ef% XIde sﬁr?ﬁ{o%%é% (SLL rE‘?cgei%:atnrl.c al
Mater., 27(1T}¥1pg. ![12!12130912_22, Mw%picaﬁwonheimgsgmiﬁlmiqorm ehmcorporate
assoct at ed Wk IHERERRYALONI UK, REGEE! ol UL Sile ddeagh
any chemnical bonding between the reinforcemeht and the solder matfix,
whi ch naekes PRERFRORIAeRrEP difeepriste t@ Bithdyczrephbinarvitke the molten

performance biddBVoRhiridRd Scndi NkerfSya poBsggyence syghosal-derg, p

&
with inert reinforcenents have not been m%l enmented in practice.
[ 0009] Anot her approach that is vigorously pursued is alloying Sn-Ag
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the el ectronic conponents a need for solders with sub-m cron
rei nforcenents becones a necessity. Such sub-mcron size

rei nf or cemeniyyg #heNsRnesent at the grain boundaries can ﬁ%‘f‘ﬁ’&‘m

grai n boundary sliding, the predom nant node of TMF damage;
the high tenperature dwell in a TMF cycle, by keying the grain

poundar | es. Suehn2B-BBRLAACN teia T 068 dLEK Gl ARdCOPl 1o pased 1y
super alloys used in high tenperature service environnents. ese
rei nf or cenent?gldd&ioRi ntHE zee ko memendsafendntio | aproven tdsting ererivige
reliability, ;and alrf3@ckMPrave t herdbppvdanal stabidifind h Aformance
essential for, MEM5 and m croel ectronics applications. [00I E'j n

m croel ect r oAFETIAPPIFRER | Gifdiiexsd: hay ¢ nFetRfiqepenter chsed thse be

migration of viaeasdbelepemielecthodae Capse vei ding that resi#ddnt,
the failure of ghg solder joint.Simlar issues in conputer industry
have been su@EEESRUMBEY Fk| BRFBPIRES FOrCcht (S EPTEsPpRES at BRE thelr
t hf—: gr ai nf bouﬂﬁ&ééﬂﬁng)fkﬂlﬁ&ﬁdwrﬂdﬁhiﬂ@s:séﬁ@}i@légr% alsher Etid'dri%éaﬁh_?ﬁae\lm IMC
solution for _the.s robl.emin the case | ead- e sol ders. The

sub- ni cron s??ggl?‘gf%egr d%er?é‘:ﬁo§cfeﬂat CRIRPFEEY| Foﬁ'&a‘ﬁ?t HEYR oftgteqbeen
met hod of reiinpbeeémeged hénsehdeastaoah plevtthiz sdlddxondieAdienects.

electro mgratign problem..[0012]U.S., Pat.. No, .5,127,969 to Sekhar, -
t eaches a so?‘él‘éfr)1 C%ﬁ%osﬁafplléih FVRRGE ot i TiSus "pRAREHIRASI R s 5&r sEhe
phase. The di eperseompiaseomporenss nhoneedy fat esohdlers pathi culbaingchon

fibrous forn&ggﬂp&%%tg %g?,i ng i%&gon carbide, a netal oxide, an
el enrental netal, and/or a neta ar . The reinforcing materi al
remai ns in pdPPPELI at dror afibbroate f @pprasch dispépseipbagsidtid einert

oAt bt BIEEROLA S S St AR ) A0 SETRAL gl 08010 T
rei nf or cenenfgtempt is to incorporate iron particulate in the presence
" of a magnetic field (M. McCormack, 8. Jin, and G.W,

Kammlott, “Enhanced Solder Alloy Performance by Magnetic
Dispersions”, IEEE Transactions on Components, Packaging,

and Manufacturing Technology- Part A, 17 (3), pp. 452-457,

1994.) Incorporation of ceramic particulates such as

alumina in the electronic solders has also been attempted.

One problem with this methodolegy is the agglomeration of

the reinforcements during the reflow process making them to

acquire larger sizes with pores. Attempts such as

mechanical working by rolling to break up and disperse these
agglomerated particulates have been tried with asgsociated

problems of interface cracking between the reinforcements

and the matrix (H. Mavoori and 8. Jin, “New Creep-Resistant,

Low Meltiné Point Soldexrs with Ultrafine Oxide Dispersions”,

J. Electr. Mater., 27(11): pp.1216-1222, 1998). Another

serious problems agsociated with incorporation of such inert
reinforcements is lack of any chemical bonding between the

reinforcement and the solder matrix, which makes them not



[00133U. S. Pat. No. 5,928,404: and U.S. Pat. No. 6,360,939 to
Paruchuri, et al. teach an electrical solder paste having primary

sol der powde{w ?ad an additive netal powder conponent which does not
mel t during VRS'CHESEP i ng process due to it having a mel tHGTPS3MHARs013
substantially higher than the nelting point of the primary powder.
[0014] U. S. Pat. No. % 340, 113 to Avery, et al. teaches sol der

conposi ti ons VHi¥ch S ECELHPosH AREICei cFBe A= icer sPeREPEMaRE At -
with a secondvameicati, =9/d ag Safiinpol U=OM OforfdtspRASEORERh &EeRRd with
netal. The net alzj: are %hosen such that their individual | ti

melting .
boints are higHEr ERARCPREMERTT MG SorRESDBr™ (HPLEeayedf CRrBeRGHEE -
they are conbioted] Theancehed papibabBS thiae hgat ¢dgensus®}f t pLGsEEEULS
at the i nterf% es .bet\é\'ﬁgﬁ tge cqre terial slrand tl?lei r coat,lngs, The
particles fuseSgeEnar 1*dt aﬁego% SRt 4% oFMRlL [ BREGIES Py, N
No. 6,521, 176Gare-Katrahi mdemehtal etkeacles!.a Midadyrf r ae BEsolidelerabhoy and
W th respecti c tratins set..such that. the |ead-free solder . .
alloy has a na\él%‘t'i %gggghpgéa lu%élel to%@r’%ﬁéﬁ%%?e&@'ﬁ?%#ﬂgﬁ: Qn—q;g-Cu ’
heat - r esi st ank- tEhgsrat uMetef. a RBr(R) 1 o dpe 5961 der pd 19p@016]R). SGudat S.
No. 5, 866, 04 Sar af,, el t he ect Lical l ive
past e whi ch ilbr?tgﬁlﬁdgs' f&‘t%ﬁ%ﬁr ag??(: %3?%%’9% ?%%E%UC%f‘? \C/%&qrr%%?ﬂn and
powder and arf.-ofjanPebrxwnamian,sysemuation et ndpterst Behgolgmeefi dear

sel ected fr O@uﬁ:eetgéo%-%%:qsééia&gs OfCoﬁtQPﬁi’t&%”@ﬂSlfr W of Alloy

pol y(ether siloxane), a poly(styrene butadiene), a po yrene
i soprene), afdeiviaesyl dataniad spgcaghensind Engdngesingl ehtd Vi mp. 190~

acetate) andi3gpobyes ethane 1d00%7] ¥hb! est hadig! &t gd mrgﬁ%ﬁéﬁe&.a.
alternative ways to address i nBr oving service performnces o i
sol ders, thePdele€rst AP &l rReedl¥eisa SBEEEdWRL sHpokaniral BRhaviemgot

unsol ved prohhefmonidtiai a1y Fdti el '5abhg BasdaveboBegomRAnRLES, g,
sol der conpog:#tl ons Wit ei nforcenment s whi

h sub-na(sron r ch _have

i nproved ser vi-Ge-perfortance’t 1% i FHrdteReridedt Vbl & thit domp&sit B-
sol der conposkwj on®.he frae of ah@ad.r .Envigamnnentphe | exdceebedsey | Sadd
gr owi ng concet si dering_the, i nhgre iCci}y | ead _and the
rapidly expaﬁj(gi?ﬁ(gs lr}fullch:iuzra?t i 8# %n el Btﬁ%n?@ﬁg}'?cui g'y gﬂe‘éﬁ:' aSpEET 5
of nodern |i 82{250lperé 2-dEBoLioiBeRs CuMibh Wedura.t hm ammomt.oflalveadnd
whi |l e retaining erti ng mel td ng.tenper at.ure ‘s

sol der abi | i t%/’,' fgﬁ'? ue be al\s/l or ,e?%r?d 8&ocgégf%tjﬂéﬁtéﬁee{’ersweézftapégiﬁty' :
sol der s woul denglifressida repy Ghvehyedl @f doitentdé $wxAg Addstye by Doping

di sposal . SUM:@RYRgeIfEréI{WEM&@LQDO1§J>Jﬂ?alprgfeﬁ%tiegvgféi ®Qsearch, .
provi des a conposite conposition conprising a metal netrix, and
i norgani ¢ oxid&lPar t PRI 254G 3¥P4% chedRkal | Wlisbonghortdwsef ubetiamal and

group on a syghdase-0f ta*l@o&%ﬁ:&%%s“’&%%fo&&% %&fa'r?l %ﬁga'i:élraggy IMC

di spersed in the netal matfix. 19] The i nvention als rovid

aprocess of ‘BrEpRITRGeE- cotfpodPt & ditt itsh eonpreli f§eine siagp and

i ntroduci ng a1 Ednita caxigdeingr thel sy Nodbca@ cahlcw QQ@B?ixlnch also
o

or ganof uncti onal gro on a_surface of the particles into a en
nmetal, to pr»%ﬁifgé"ga '#gﬁfal TELFFRK WEEPPEFRE WA t i R actdingperthr | pefiny

nmetal matriXparameters warranting changes in processing parameters and
methodologieés.
[oolo0} With the rapid advance in the wminiaturization of -
the electronic components a need for solders with sub-micron
reinforcements becomes a necesgsity. Such sub-micron size

reinforcements when present at the grain boundaries can

.



[ 0020] The i nvention further provides the previous conpositions and
processes, wherein the netal or alloy thereof nelts at a tenperature

of less thanygpadR4C. | n some enbodi ments of the prevgp(gﬁu
[ TUTHIBIHE

conposi tions and processes, the netal is an alloy of net
enbodi ments of the previous conpositi ons and processes the netal is

lected f
Cadnt um ( oy AR SR BEAAY, B0 MMM by SR, 4édor e
Lead (Pb), Bidamach (Bld)lrlagd tirex hiobs tehpemdfurel iwsdide ientodiMiemysle,
the previous ﬁp”ﬁ@?&ﬁ%oﬁéngﬂﬁﬁc?&ﬁﬁig&gg par td, £lies ar eﬁéﬁ-}c?afcéﬁdls

fromthe group consis and mxtures t
Some enbodi m&fPIoFedt e G‘Fléi}?ﬁiusa%nﬁ@%ﬁ]tﬁ Jerseshdswper e8ddeysr yeedein

particles thatigar Qerﬂpgﬁ@.ﬁiﬁé | frrvilel Bnt-Deorfindl. @ TR8L4094 D3 -afdnt s

the structure; Ris 5123 or ganof unctional group. In sone
embodi nents B h‘@”ﬁ)’r“é’ﬁ%ué'— i t9FRgeandiPr dEBTeys, Ehelparieraties

are cycl ohexadelﬁ?ﬁﬁﬁiitty,mand(\IfHﬂs@ iiRpebie rihd aemaﬁéibﬁagss@é&mft%n)ﬁhat
PCSS-triol . 0021}7_The i nv i fur her r Qv a cogg

conposi tion é\ﬁ:‘lgis"olaﬂ ’r%’c?ﬁ&&ﬁmnb??d Bi}‘fa}"rﬂ"@? Wi t h
a chemically zloomm}:l OTgBﬂOfnhlBQbeD@@ttrcgﬁ@UFh@l1&:a$:tlbfla(;e & the current
particles diﬁers%g in _the sol odlmea?%é: the sol der is

e
a paste whi chrg* If’éﬁr?%s?%rgﬁ? h'@l%ﬁ Wi flfetrodes
particles di spessedoifihye HIRii | xesﬂm:sother tRabadiiterts ,off hehsokdefer
is a solid pr gg Emof tP"ﬁ solder L\{\éth .the sol der as g rr?trl nd £
particles di persed i 3R PRat IR 0692] SR R Fent PERE cen
provi des enbsdaessBuldfy ttiwkd@dpbyl {norxpciraéisenl d:ércdamms afoniseds the
t han about 2 I i itions,_ .the sol der
is an alloy %?Qin BP%Qgﬁlggbn%(}e%ﬁhaﬁgﬁts %Fﬁe %" eregl S }ﬁr(? 1%eel®
In sonme enbolﬁlﬁ@m goletopafeickbs femm Brolbiem calh bbad caiseh lehd-free

sol der. In sgpeg&md odl ALS. shibenfatd Céﬁzéé %ﬁ%ézhééﬂe&m with the, o

formul a R78i 709( an the structure:
functi onal gF@ﬁ‘ﬁ)lt I%r%n"éh%nﬁé@@‘h%@ﬁ Sﬂew Gér tﬁ%ﬁé@réﬂégcybﬁoheiders

POSS-triol, whhlgdwrgad Iaersmhh@oﬁaﬁltﬁieem@eermﬁfgfa@%ﬁgfob%m I'n

some enbodi nents of the conposition, the netal is Selected from

group consi stPt2lof tithSeskRrt. sNPver5r(3R§)-958op|§é’r (Fzigham s?ﬁﬂq?ﬂe(SBl )a

zinc (Zn), | Bﬁ'ldltm (ddhipotidd bl Avlsh Nb Ck&ht Hblis) praftd Y 4SBYsperse
pal I adi um (P I ati numéﬂs %‘ %r mani um (Ge), and m xtures thereof,
In sone enb ts, e FLTRET Tt PRESS si%n 2. APINFRYGiAS jratRgial in

enbodi ment s pdilﬂ:mna&terr%fl X ibSonse Wt I&on&ﬁu@l\f@ Shaphikdd \/\/ﬁllleﬁéh
[ 0023] The |nve ion

n furt er pr des a process. o
sol der paste co%nz‘pdgs‘l 3} 6‘}1 "'scieng %5’1??185":%} ’i“ﬁffg'l[)duﬂ’ o5 n%r‘@%‘fﬁ]c
oxi de parti cdtle]soyw tThea rabnfoating beatrsial g arafad met |ima13a:gﬂim1mm or
surface of the Ies |nto a artlcul te metal | d and
nechani cal | y m Xl ng W o8P i%) 8 3%%’: rﬁat@?assol de?”%g SoroviE t hgaches
past e. 1ooazla}r‘lﬁ1@utlatent iagud fLﬁJtHI@iuspr ovirdéafarcehdwics of randider i Nfrom
corrprl sing télﬁanﬁ ?% QE&Y, dhggr&jgomo%o:é%enbtcggggﬁl to!folnlano sized

conprising a neta er w h i'norganic o
part::.crle reinforcements,

[0013] U.8. Pat. ©No. 5,928,404° and TU.S. Pat. No.
6,360,939 to Paruchuri, et al. teach an electrical solder
paste having primary solder powder and an additive wmetal
powder component which does not melt during the soldering

process due to it having a melting point substantially



particles with a chem cally bound organofunctional group on a surface
of the particles dispersed in the solder, and applying said solder to
join two or RppSesAERENENt s using a sol der i ng nmeans whi ch_nel t he
solder to join the two or nore components. (0025] The mveﬁFT’Uﬁmw‘mo”
further :provides an apparatus conprising one or nore conponents, and
a conposite n t n ni c

oxi de parti cl%%efkhgﬁc ﬁgméjft[sir&gg ggo%a%% FQQ& F ggggp on a
surface of theO034dticl EsSdi Bpbr SEG i i, 340 193 dar Avmiafn tdie al. teaches
conposi tion hag dagen-dupiiad slost h&l%ﬁrm%erﬁoﬁn e'aleaa; £ "ar #g&’@&l of N§
invention further provides a process of preparation

pr ef or m conpdsiFofetaAprsitag WAtRoauereRPd restgeni @beﬁ deabaragloitéon

with a chem il Lsﬁsgeﬁgﬂoﬁr@@rwfé&%aom@tayrO%eomeeaigrai\éecmsém%mh
particles to | es of net al. sol der, nechanically mxing t

particle and I THetnghr¥dah aelddng, %@tﬁelﬁﬁ%gh%@eﬁa%ént &he
form the pretelmingepeintsher pakid i ﬂ]&{i{s&lf@rﬂéé pﬁhé@dthéh} Oaié] eccsmiﬁaled
mat ri x. [OOZ%he i_nv ntlon f rther p%]ie $ ess of aratlon
of a shaped dé&fP 58%1) Fﬁt PE8u ﬁt nBFﬁaﬁ‘F t?ﬁ%?dé’cﬁHF gFekhe
with a chem aazﬂ:byfboemdbetgaaﬁf ﬁthet icoral mgrewpads angurdhree CkioattJ‘iﬁgs.
particles in er fl ux nmechani cal | X t he
particles ang@lne]? %Ser YSel Sh et & PSE P’d‘armé)ﬁ%’ #?Iaq?
particles ar dodisber setﬂi $ nt cPa'the et al ssmldeﬁsantlocamuaj;lmm,t oex al.
desired shap th and in he flux_ fromth

shape to pro@zl 889%1 gahap:lda '%28? [0 @I' 91 vgntl%ﬁtl?urtmeeﬁpecmve
provi des enbggnqemlsatﬁonmesetprsemlnm:élas'otuerlmm $rlaizas sdd oyahds

appar at uses, V\/ﬂlﬁéﬂ qu,g{:uggl tﬁ%ﬁt‘c '@1?%1 t gan 9‘288£e%§1ned I pzeat-
ot her enbodlnents eV|ous SO od rocesses

appar at uses, r?ﬁéswtﬁé?eml@lmtuaﬁl of afwamst éilosbel sotdere@nbodi rrent S,
the sol der ' ﬁ free.g é@%&@%é&eﬂgag £bN8aPAEL 1 GheSqf OnlLay.g
chem cal bon t he soI I'n sonme e iments, the particlé I's a

POSS-triol - V\Fflh teril@qt@rwléymsw@{c@l% arizghatise swhachur eincludesd Re
i's the organghésmstinalc ggaesupmefn OB RIHRIVEE St Of  LBGARESURAUSan

sol der net hods, processes, and apparatuses, the particlés are

cycl ohexal PRESRRYS o SOliFete | AYRHaTer s Hhee faerrepéashie pReayrer is

POSS-triol. kelsersd efthadi tmntsrob Ebﬁsﬂétiﬂ?dﬁwlﬂl%@‘ﬂh@%r urea), a
nmet hods, procefpé?%tfh and appar atu es, the 25 is sel ect ed fromthe

group consi sbf G n anE‘F ver & kgPCr¥SpbErer®u) PHiadhsR! ¢ Bi )2
zi lﬂf <(:| Zn), (Ipdlﬂamt(ﬂmnt gﬁéF;fb:(e%e)),, rH Oé@ﬂly((éag;rmoﬁntrﬂnfybﬁisa?zﬁene) ;@
al | adi um i.num (P er mani.um xtures thereo
lIon some enbogglfr‘éﬁet Y]teﬁl(? E@‘ngl %ﬁ?tl“ ) & P‘AEY“% 3 f urt her
enbodi nents {¢@LHet al Whitllei X Hes zfelauttadcbn:t desbribée Saltednatite Yudigs
OBJECTS [0029] T. t_of.th t t t

[ t% Q&éfgsosr 'S ang%ﬁ%r%%rfo eX| (%%:e 8 ! vg_gel QIQ 9

utilize the uni que or an unc
desired | evelsofstgaditi culm@ sn‘fme and sdpspersi (mliululbnw el tillig long

metal s as 0815‘?0030 d%%f%fgas e@'?,f%ﬁ . enbange tc{leeglr Soelrv'&? develop

per f or mance er obj ec présent Thvention i3
provide a | e%@iﬂﬁqséées@pédemommdwséhw%mmm mEriggorcements

[0031) These @nekipt Rete Olingfiltel |deRACA L IGAREAY! Y 1 is further

desirable that composite solder compositions be free of
lead. Environmental lead release is a growing concern
considering the inherent toxicity .of lead and the rapidly

expanding utilization of electronic circuitry in all aspects



apparent by reference to the follow ng description and the draw ngs.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0032]Figure 1 illustrates a top
view of a fracture surface of a solder joint with cycl ohexal

POSS-tri ol . Mh¥0H46580epr esents five microneters. [0033] RQLUS0@/025013
illustrates a top view of a fracture surface of a solder joint with
cycl ohexal POSS-triol. The bar represents ten mcroneters.

[ 0034] Fi gur @B miodegst Lafes aSeldkyr focapprateieny fwhdehofreduse| the Jraiumt

with cycloheya] .1 8098-Lhidd. TBEa DM nd eRRRM S bl VEuEnCr OBt erﬁé]:t.inlg

[0035]Figure 4 illustrates_a side fracture surface of a solder join

with cycl oh&eapepessrey i 8P1darabiJdiyr efretBiR PRY LR er BREt RY¥QCEssing

[ 0036] Fi gur @craimeheskr ¥Esleadi 38l @efd anbuie sgafaee af 1Pl @eiolved
joint with &}/rg)gﬂ_hexal POSS-triaol. The b represents two mcroneters.

[ 0037] Fi gur FuSE r BPELC a4 ' $h 1FRER™Hi cati on vi ew of pol i shed
surface of a solder joint with cycl ohexal FOSStriol. The bar
represents one mcroneter. [0038]Figure 7 illustrates an SE i mage of
pol i shed surfpeRgs OF THF B wi th cycl ohexal POSS-triol. The SE

i mge and BHoiorgge i STRE S@presanead Showhbgdos! epkofddsy p@rti@dngﬁ}si{@e
bars represent twp mcroneters, [0039]Figure 8 illusirates a BE i mge
of pol i shed SHPPSLEIGH SOE‘BFH%Jrn% oF nPetit atydironded  PrssanicooxitRe
SE i mage angaBEtichegewithah SRERLEINY IAWINGrghecfuRgSishylaidrctbesn
The bar.s reRy eSE’,%r:r]:t'fa%:‘é’O gkcrgﬁrgt e;ga?rticle wherein the particles are
dispersed in the metal matrix.
[0019] 'JThe invention also provides a process of preparing
a composite composition comprising the step introducing
inorganic oxide particles with a chemically bound
organcfunctional group on a surface of the particles into a
molten metal, to produce a metal matrix with the particles
dispersed in the metal matrix.
[0020] The dinvention further provides the previous
compositions and prbcesses, wherein the metal or alloy
thereof melts at a temperature of less than about 600°C. In
gome embodiments of the previous compositions and processes,
the metal is an alloy of metals. In some embodimente of the
previous compositions and processes the metal is selected
from the group consisting of Magneéium (Mg), 2Zinc (Zn),
Cadmium (Cd), Aluminum (Al), Indium ('In) ; Thallium (T1l), Tin
{Sn), Lead (Pb), Bismuth (Bi), and mixtures thereof. In
gome embodiments' the previous compositions and processes,
the particles are selected from the group consisting of a
P0SS, a POS ,. aﬁd mixtures thereof. BSome embodiments of the
previous compositions and processes provide particles that
are a POSS-triol with the formula R;Si;05(0H); and the

structure:



[0040] Figure 9 illustrates a top view of a fracture surface of a
sol der joint wth phenyl POSS-triol. The bar represents ten

m croneters. OQ%éLFé ure 10 illustrates a side view of a fracture
surface of a <ol i int with phevya POSS-triol. The barPGTaFPedERIE

five mcroneters. [0042]Figure-11 illustrates a side fracture
surface of a solder joint with phenyl FOSS-triol. The bar represents
two mcroneters. [0043]Figure 12 |Iluakrabﬁs a polished surface of a.

sol der joint with phenyl POSS-triol. T bar represents twenty

m cronmeters. [0044] Figure 13 |IIustréL_é an*EE i mge of polished
-surface of a solder jpint with pHEﬂgy eﬁﬁhtrfn show ng cl ear Ag3Sn
particles. The bar represents two mjatQ B 0045]F|gure 14
illustrates a BE i mage pf polished sur “ACE of a 1 ‘ol der joint with
phenyl POSS-triol show ng clear Ag39 ‘partﬂ es. The bars represent

two micrometers. [0046]Figure 15 | fTusfrates a polished surface of a
solder joint with phenyl POSS-trid& . The bark represents five
m crometers. [0047]Figure 16 illustrates the structure of phenyl

POSS-triol. [B4R8] Fegthe drgarddfisictabeal tdemat.r uchueemef efysd ohenal of

POSS-triol. [QQA9LRLQULE tRnpbhielodl ond SERIkY, et ilicles are
cyclohexal POSS-triol, while in others the particles are
phenyl POSS-triol.
[0021] The invention further provides a composite
compogition comprising a metal solder; and inorganic oxide
particles with a chemically bound organofunctional group on
a surface of the particles dispersed in the solder. In some
embodiments, the solder is a paste which is melted to form
the solder as a matrix with the particles dispersed in the
matrix. In other embodiments, the solder is a solid preform
of the solder with the goldexr as a matrix and the particles
dispersed in the matrix.
[0022] The invention further provides embodiments of the
composition, the solder melts at less than about 250°C. In
other ewmbodiments of the Jcompositions, the sold'er is an
alloy of metals. In some embodiments, the solder is lead-
free. In some embodiments, the particles form a chemical
bond with the solder. In some embodiments, the particle is
a POSS-triol with the formula R481,0;{(0H): and the structure:



conponent s.

[0050] Figure 19 illustrates mcrostructure of eutectic

Sn-Ag. The bar represents ten mcroneters. [0051] Figure 20

illustrates

[0052] Figure 21 illustrates a fracture surface of a

strength of eutectic Sn-Ag and composites.
20898450 g 9 L Us3004/025013

cycl ohexal POSS-tri ol / Sn- Agsol derj oi ntatl ow magni fication. The bar

represents t

en mcroneters. [0053]Figure 22 illustrates a fracture

surface of a cycl ohexal POSS-tri ol / Sn-Ags"gérderj oi ntat high
magni fi cati on. The bar represents two #croneters. [0054]Figure 23

illustrates

FOSS-triol/Sn-Ag sol der joint. ThE&~sbarroe
[ 00O55] Figure 24 illustrates a BE i rr%cy&.@ic,. ol

art. SE image of a polish¥disurfice of a cycl ohexal
ts five mcroneters.
Lished surface of a

cycl ohexal PGCSS-triol/Sn-Ag sol der | q,jyﬁt ) ¢ bal represents five

m croneters.

(0056] Figure 25 illustgates atpolished surface of a

cycl ohexal POSS-tri ol / Sn- Ag sol der 4 0i nt at hixgh
y g l,(f "%

and R is the organo functiomal group. In some embodiments,
the particles are cyclohexal POSS-triocl, while in others the
particles are phenyl P0OSS-triol. In some embodiments of the
composition, the metal is selected from the grgup consisting
of tin (Sn), silver (Ag), copper (Cu), bismuth (Bi), zinc
(Zn) , dindium (In), gold (Au), nickel +(Ni), antimony (Sb),
palladium (Pd}, platinum (Pt), germanium (Ge), and mixtures
thereof. In some embodiments, the metal matrix is Sn--Ag,
and in further embodiments the metal matrix is a eutectic
96.5 wt% Sn - 3.5 wt % Ag.

[0023] The invention further provides a process of
preparation of a solder paste composition comprising the
step of introducing inorganic oxide particles with a
chemically bound organofunctional group on a surface of the
particles into a particulate metal solder, and mechanically
nmixing the particle and metal solder to provide the paste.
[0D24] The invention further provides a method of
soldering comprising the steps of providing a composite
compogition comprising a metal solder with inorganic oxide
particles with a chemically bound organofunctional group on
a surface of the particles dispersed in the sgolder, and
applying said solder to join two or more components using a
soldering means which melts the solder to join the two or
more components,

[0025] The invention further - provides an apparatus

comprising one or more components, and a composite

-9



magni fi cati on. The bar represents one mcroneter. [0057] Figure 26

Il lustrates a fracture surface of a phenyl PGCSS-triol/Sn-Ag sol der
joint at | owWwegemshigsat i on. The bar represents ten mcro

[0058] Figure 27 illustrates a fracture surface of a phen;T?E%}’[&O{WO"’5“13
FOSS-triol/Sn-Ag solder joint at high magnification. The bar

represents tw@bn@o%rl@aeherc% ﬁr@g§%é|:'agliﬁe%a§.8 ddilgest raqideslﬁ&%%ﬂ G506
a polished surface_of a S-trial/Sn-Ag sold 4; oint. The
P

bar representRaFiFdeni Wi Hef"el@emf-em FrQpde OEQaPPﬁB%? Pl PEEp on
i mge of a pal @ﬁ@@lc&Ubfa@neanﬁM%yHlB@ﬁsé& 59 /tﬁa' é@l&@kd%hen the

joint. The bar represents five m.cro ters 61 ure
illustrates & Wé"ﬁéﬁns 184 éﬁ%e%fboéldgﬁeﬁ% %anbﬂghﬁ?ntf’d'&

joint at hightosegdi fi cahéoninde: fiaf rfEﬁites:entﬁr@ﬂaiéﬁ Cromep@fcess of
[ 0062] Fi gure the si.-nple shear strength,of eutectic,

1 0Ll t
Sn- Ag and corﬁsar egla { agi&%go(gg] Ft gficd %3 |Pf%§?¥r‘ét 5?“838%9(8&“5@?&%51@
set-up for sgltdedupdngt fabrdaceti onxld‘mp@an:mtle@s witthp gl assISechaﬁey
bot t I I
Fixture’ CooltRyeratysthnfliofy SRRNE SHARY alhaure Suthasy
chip and subdir am@:”ti@%] fEgur emSzal | boddent esechantealChy pmxlng the
connection Wd.fctBee COARORLES SQLI&L: to form a paste, and melting the

paste to form the preforrrf wherein the particles are

digpersed into the metal matrix.

[0027]) The invention further provides a process of
preparation of a shaped solder ' co;nprising introducing
inorganic oxide particles with a chemically bound
organofunétional group on a surface of the particles into a
metal solder and a flux, mechanic:';tlly mixing the particles
and metal solder, melting the. metal solder wherein the
particles are dispersed into the wetal solder and casting
"into a desired shape, cooling the shape, and cleaning the
flux from the shape to provide the shaped solder.

[o028] The invention further provides embodiments of the
previous solder methods, processes, and apparatuses, wherein
the solder melts at 1less than about 250°C. In other
embodiments of the previo;ls solder methods, processes, and
apparatuses, the solder is an alloy of metals. In somé
embodiments, the solder is lead-free. In some enbodiments,
the particles form a chemical bdnd with the solder. In some
embodiments, the particle is a POSS-triol with the formula
R»81;05(0H)3 and the structure:



[ 0066] Fi gures 35A to 35H are SEM inmages of initial mcrostructure of
vari ous FOSS contai ning conposite solder joints. [0067]Figure 36 is

an illustratigpyQf iNgl e shear lap solder joint. [0068]Fi gure 37
is a graph shovwongoﬂg’ﬁé{%{)‘r1 strength of eutectic Sn-Ag and vaP{&y§2004/025013

conposite solder joints shear tested at roomtenperature with strain
rate at 0.01s-1. [0069]Figure 38 is a graph show ng shear strength
of eutectic Sn-Ag and various conposi te&@g}tder joints shear tested at
85C with strain rate at 0.01s-1. [0070] Ffgure 39 is a graph show ng
shear strength of eutectic Sn-Ag and vg#igpus , Errposi te solder joints
shear tested at 150C with strain ral esiat—i®-0de,1% [ 0071] Figure 40 is
a graph showi ng shear strength of eut g®tiieSh-.Ag..and various
conposite solder joints shear tested t,-"roo npe?ature wWith strain
rate at 0.001/s. [0072] Figures 41A an& 41B at& graphs showi ng
schematic of shear deformation behawor 41A af eutectic Sn-Ag sol der
joints, and 41B FOSS cont ai ni ng conlf)osi te sol 8er joints.

[0073] Fi gures 42A and 42B are SEMimages of shear fail ed specinens:
42A eutectic SRORAQR sb¥ delre j eraanc 40madesat ograthi ngIsonposi eebediments

joint. of the previous solder methods, processes, and apparatuses,
the particles are cyclohexal POSS-triol, while in others the
particles are phenyl POSS-triol. In some embodiments of the
of the previous solder methods, processes, and apparatuses,
the metal is selected from the group consisting of tin (8n),
silver (Ag), copper (Cu}, bhismuth .(Bi), =zinc (Zn);, indium
(In}, gold (Au)}, nickel (Ni), antimony (8b), palladium (Pd),
platinum (Pt), germanium (Ge), and mixtures thereof. In
some embodiments, the metal matrix isg Sn--Ag, and in further
embodiments tﬂe metal matrix is:a eutectic 96.5 wt% Sn - 3.5

wt % Ag.

OBJECTS

[0029] Therefore, it 1is an object of the present
invention to utilize the unique organofunctional inorganic
oxides to achieve desired level of particulate size and
dispersion in low melting metals as castings or solders, so
as to enhance their service performance. '

[0030] Another object of the present invention is to
provide a lead~-free goldexr with  enhanced sexrvice
performance.

[0031) These and other objects will become increasingly
apparent by reference to the following description and the

drawings.
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Ag solder joint after TMF with 0, 250, 500, and 1000 cycles. [0076]
Figures 45A to 45D are SEMinmages of 2 wt. % FOSS cont ai ni ng sol der
joint after TWWbadshoissgh 250, 500, and 1000 cycles. [0077] Ei _?ures 46A
to 46D are SEM immages of 3 wt FOSS cont ai ni ng sol der j oi nt ¥4 0436013
with 0, 250, 500, and 1000 cycles. [0078]Figures 47A to 47C are SEM

i mges of eu I.C = 0] 2004/ 025013 Ag based
sol der | oint tsB%?tE'tFeP QSEBWC%:@S%%%‘%l gure 48 is a graph
show ng resi cﬁ@@BZihearFlgmrengt hi bfusgnteet| (a Smmgvaad FeSSa fracture
(Cycl ohexenylg u%g%} ARG g%&g w%@fg ‘?Jal”ﬂ% SGEigly The

[ 0080] Fi gures are sch graln oun
sliding due tt@rsﬁearemmmsfzafmlnu@@roaetwah terrperat ure. 49A gral n

boundary sl i digggspet veg %b.l%]y@ ?dl;ﬂ(j_% brQtad ng V{!o%;h GQ?Qb%@Cgesfraé%§re

grains undergo |attice ormati on ue to preserice
internetal | i EVpaREECPE 8n acAdeyr dPAnbouhitar v dhationglg PASS hadadar yThe

sliding, andbégcrébkgéélgt@ttéﬂ ik baLpgagy triple p0| nt show ng
| ocation of lattice deformation. Note: The obstacle increases the

resi stance t JO8BEH| ng, Figre A addilushsdirana Fode foasupr: genwiage PE a

graph ' show pglgeeepofit WPOM Bhaksl edsd 2150 AJrgaltieet I ersakdet
with and without POSS. DETAILED DESCRI PTION OF THE | NVENTI ON

[0082] Al | patéXesmigER®ete%Hhpl i cations, government publicati ons,

government rqgubsy i onsgicinek |4 t @nabyt env e & 8086SE L &adhrd rlgd:*fa%e of a
specification are hereby i ncorgphat ed herein bg?re erence in their

entirety. |nSRaSeT ofonITHtY cYCheherak HSSqkEeet pt i Bhe Bak InpErRgents
definitions, twblhicomhgtdze .Definitions for the following ternms are

provi ded to urther r st andi n the present i nvent| on.
[ 0083] " Or ganEBﬁgﬁttl or'Ft gq%ﬁgaﬁgiu%’ﬁ’ﬁ?sp @‘F %‘?‘Fe’pa‘?"ﬁ fargsot a
preferably raobdey fdiom mﬁm:rreyeltoh@xﬁubas;l%tﬁﬂoln STize Wil r@bResents
preferably caged. The |norsgan| € oxi de can be based upon a transition

netal, | anthani wrom aé:”'u rfide metal atom or a netalloid sel ected
from t he gr ouﬂ@emm stﬂmx@f sbolbhysistdte@on, hixg Meyningi ctIen ¢iew of

and tel Tur i ugly Quanobypellondl LMSRC fHte PAR ' &L8Tohagh Hoss-
triocl. The bar represents one micrometer.
[o038] Figure 7 illustrates an SE image of polished
surface of a solder joint with cyclohexal POSS-triol. The
SE image and BE image is at same area showing clear Ag;Sn
particles. The bars represent two micrometers.
[0039] Figure 8 illustrates a BE image of polished
surface of a solder joint with cyclohexal POSS-triol. The
SE image and BE image is at same area showing clear Ag;Sn
particles. The bars represent two micrometers.
[0o40] Figure 9 illustrates a top view of a fracture
surface of a golder joint with phenyl POSS-triol. The bar
represents ten micrometers.
[0041] Figure 10 illustrates a side view of a Ffracture
surface of a solder joint with phenyl POSS-triol. The bar

represents five micrometers.

-12-



limted to, a FOSS, a FOB, and organofunctional silicates as
described in U S. Patent Nos. 6,284,696 to Koya, et al., and

6, 465, 387 to Ri§as et al. The particles have netal oxide cores,
with an organic rmlgfaiﬁgsocoval ently bound to the core which PET/US2004/025013

resistant to deconposition. Each organic noiety is independently
selected fromthe group _consisting 'of aliphatic, and aromatic

hydr ocar bon gr 1 TheFagyani L r%ilé’{%}:rﬁﬁ9siﬁcﬂﬁm,frl§ﬂ=ﬁu?f§ gurface of a
limted to, aldgldercyehiasl kytn Shkeylposeystnal Kemre pakkyBYlessnts two
ycl oal kynyl , aryl, and heteroaryl groups. The organic noiety may _
i ncl ude, but aﬂl%c JEFE it ed by, hexyl, heptyl, octyl, cyclohexal,
vinyl, ally]., [dossdnyl , Fheptenyt ,ilQceiserptesardl pRgA¥hedr OHSface of a.

00847The term '.-TOSS". refers, t.o I dral oligaqmeric. silsesqui oxanes
gnd deri vati ve¥KEr ebf J‘.nthég:rhagg?%ngE? PaGeF ¥Hanch THGi ReTst FRRiSHAeRES

0 R1 O [0085%hemtgendérabmétosaall a of FOBS is [12 Si 01.5t where Ris
an organi c noi ich,is th a or different at each occurrencge
and is indepen@ggﬁﬁ}j@ seféﬁ%%iﬁ&ﬁﬁfﬁgra‘;%ﬁp Tonshst HRgI8r &t i fdcsbed
and aromati c wWahfecer bgh gr esopder Theiatgardith mdiesty} iBOHS+dedplbuthowing
not limted t |.oal , enyl., .cycl oal k | . .al kyn
cycl oal kynyl , %&F%ngﬁsd%ﬁ:’e r%?té’gr%r. %ryeafaﬁﬁﬁgeggn%gg&mvﬁcitﬁm%lc%r%‘,
and having a fi®0d80a ROBIGIS: si4 Hidlebtuates e:a HEe insge f yit herolished
i ncl udes, but J | jdarit e t G der.ivatjves-t of ... [.0086] The
term " POS" re#g?sfgfq% Igcﬁny%eg?)a e%l ﬁaglrlr%ri%étiéi thﬁl %s vms?'ﬁtf:ﬁég(}sg%&%ng
st ruct ur e%and cdepkvagiSre paritdcéef, Hive dprsheepresenta {RVEASroBROirs.
n One exanpl PU %@ﬁt’ =G 4 i ryct ure; e, S8 \/12
%%s? Sf‘ ___e?él%,_?glhﬁaégﬁtéé S Boﬁgs%é Qslrcéxce of a

Ms",, (CS(0 10,4e-gii0
solder joint with phenyl PO0OSS-trioel. The bar represents

five micrometers.

[0047] Figure 16 illustrates the structure of phenyl
POSS~-triol. )

[0048] Figure 17 illustrates the structure of cyclohexal
POSS-triol. . |

[00453] Figure 18 illustrates a gketch of soldered
components.

[0050] Figure 19 illustrates microstructure of eutectic

Sn-Ag. The bar repregents ten micrometers.

[0051] Figure 20 illustrates the  ghear strength of

eutectic Sn-Ag and composites.

[0052] Figure 21 illustrates a fracture surface of a

cyclohexal POSS-triol/Sn-Ag solder joint at low
' magnification. The bar represents ten micrometers.

[0053] Figure 22 illustrates a fracture surfaée of a

cyclohexal POSS-triol/Sn-Ag solder joint  at high

magnification. The bar represents two micrometers.

[0054] Figure 23 illﬁstrates art. SE image of a polighed

surface of a cyclohexal POSS-triol/Sn-Ag solder joint. The

13-



0/ 0 Si R WIi0-%0,9i 1A2,1( where Ris an organic noiety which is the

sanme or different at each occurrence and is independently sel ected
fromthe group consisting of aliphatic, and aromati c hydrocarbon
groups. The o¥QaMWt @165 ety includes, but i8 not |imited tBCTUSI0R4/025013
cycl oal kyl, al kenyl, cycl oal kenyl, al kynyl, cycloal kynyl, aryl, and
heteroaryl. One exanple of a PUS‘is The termfurther includes, but is
not |imited t &2t FEBFERRAYY %o dicrpoess®-Low mel ting" is defined as

having a mel tipgsppi nt essed han §00udessaas £ebii Usagb0088] & PRt ghea
matri x" conprises_a rre%al inc %n , but not |imted tq, Magnesium
(My), Zinc (ZAfFe8fntunt (845+° ’EP% TS BFFo L4 ASmSOLAET TRARF+ unfhe
(T1), Tin (SnparlLecgrdsnts BismumhctGreterdnd m xtures thereof.
Furthernore it be sel ected. fraom.th oup .consj sting of tin (Sn),
Giver (Agy. ¢8I CoIRAES ar R trdterP eonbSl fandth nPur bace Loty =
(Au), nickel ¢eNe)oherl nonyORSniqlaShadgum &&tkjer pl ajoimm (Pa), high
ger mani um ( Ge . M.t Ur es e f 0] The_term "l ead-free"
refers to a c?)nﬁ%ggﬁ#go%%ereiﬁl% F%g ﬁeeé%%st%%gr 88‘%1t%ceroe %ad is |ess
than 0.01 wei gRP5Per ceMiguare0126t i1Mstfo0aD] A" chrpmsiteesolidfadd sof a
asol der with _j ty (R rRor ated. .reinfor s. _The.. .

r ei nf or cenent gh%@hge%ge%%lnétf@g{/gﬁt i%gﬁg%e?ggﬁgn%?zﬁ% i gﬁgfgflcatwn‘
i nor gani ¢ oxi &bepan nEpreseTie pentmidtmmeseesin the range of 0.1 to

10 wei ght per gopss0l thaqmakl i Xy L903LLING MUCHEl AR RECTELablde of 4
I ncor porates nanoneter t S'Ub- mcron L evel, | ner rei nfEOI‘ cenents '
whi ch can bongheRtlh B¥Stdriedy/SnxAgr ebkdem|jointhetpdrighc megsiifécatsion.

appr oxi Mt el yrhée b0 phuadned pagaRRiehacBegent | devel opments in
PGSS t echnol o?%/ have opened up a new avenue for such applications.

The POSS nanol§®tHnol ofjovar peodidassanrtes| anmesnsmageprafimt epolished
bondi ng bet weggr-£iieh dﬁlaﬂ@fé&ﬁ:ﬁiﬁ@b@saeﬁiéﬁh/%ﬂrﬁbalsb&aegﬁﬁEﬁfit.-' Nrhe Jpar

addition, there are several nmeans by which they can be Tncorporate
within the softRYe$HtEs figeaphrEveetiftifonet er to sub-nicron size

rei nforcenment gpoeich aregipeside APRIRIGRH08S WPt 1RhdEr okh® polished
solderability of_a given alloy_ systemor its reflow. properties.

El ectronic pa’?:%cr?g,‘:’fl\/él\/@,he&‘g(& é@?%ﬁﬁ’r%ﬁ&e‘%ﬁsﬁ%@?ﬁeﬁ%@ The bar
el ectroni cs arepeewntefl fike poéeddirayses for the present invention.
The related afc}osll Figure 30 illustrates a polished surface of a
phenyl POSS-triol/Sn-Ag solder joint at high magnification.
The bar represents one micrometer.

[0062] Figure 31 illustrates the simple shear strength of
eutectic Sn-Ag and composites.

[0063] Figure 32 illustrates the experimental set-up for
solder joint fabrication. Copper strips, top glass plate,
botfom glass plate, solder paste, thermocouple wires, heated
aluminum fixture.

[0064] Figure 33 illustrates a solder joint between a
gilicon chip and substrate.

[0065] Figure 34 illustrates a microchip connection with
the compozite solder.

[0066] Figures 35A to 35H are SEM images of initial
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WD 20051016580PCT/ US2004/ 025013 | ead-free sol ders do not include

i nor gani ¢/ organi ¢ nano-si zed particle reinforcenents. [0092] Sol deri ng
using the pregRoodhyaqti on nay be acconplished by parti al ,uhlzﬁé

total heating net ho?}s. Partial heating nethods include, but el)lﬂ%gé?;h
limted to, using a soldering iron, pulse heater, laser, |ight beam

hot air, and jefickbevreotwes i 88. vdpishs hegds NebRERAGS |di tebdbilder
are not limted to, infrared reflow, convection reflow, infrared
convection condPHBH®  vapor phase sol dering (VPS), and flow sol deri ng.

[ 0093] The si npli@sE7) ocal Fizadreretchda ah USiuwgrbkeocf06POS| & Engld ddkeairSlap
by neans of a sagldering.iron by providing conposite sol der and

heating. the sglogg?rv&'%hn%'he iron to nelt it. The solder Ss then
applied to -the [6D&8]r oniEicompokentisl eadgrdaph natkeaviacC osinext | 8Brength of
Anot her net hod i Ngt.he canppsjle. solder is.to use pul se heat

sol deri ng. Theeggﬁggélgt ghsg‘ dear%?svprr%?}fsde%ml@r? Sa \?an%‘%lcg%d APy, ghear
is applied frofeatt@arerrahi re@pevetiirewitdf soneis wabtetdiod whe by

e P O o > bggs) Pastify el o8 0 % Mlar 2SI AN L BPBEALE o

Laser soldering 1s acconp aser “beam
provi ded sol deruteshe Baahysasinfervamidus acwmeplitehezblisierappdiityy shear
light froma XEQQ&&W-B&@%Z@BE%&M%%Ciegg(fh@ﬁélém,50' dering

include ,reflow and flow (wave) sol dering.Reflow entails nelting and
resol i di fyi ng tRR7bnpodiicaireo| fer Fae ar efaply radowdagi sshgaf opesigty of

printing the coppasii® SALAST RRASLaLRRMR acoﬁ?e%!t&_ rd;'ezpj Ints shear

mounting of the electronic conponent. Heat iS applied to neft the

sol der onto | eh@StRA 3thed S0SFpYAERL St¥er Yekeaphl ¢ RfLaising infrared

panel heaters, (6MECti eRfieat &F, 187 aNQYrabReidhol3RY’ HIRSPHEFEJth of

Fl ow (wave) soldering is performed by nounting of the electronic

conponent by aBRERFHAE of 11 HE e PEFo 3 HHCYSt HOTBEELBe pracdidearo J9inke shear

application. Thestdd dthedototbapetabyrd Miehngt ADIA a0l fleln .00k st he

el ectronic conzé)@&r)ht. Theggr esent _invention nmay be applied, using .

ei t her single- or dGHHIFESsitdBd 386 §4Pi AgepPBeRRES FhgWing sChematic

§P095] The sol def gn?/agbed%maﬁlcﬁprﬁﬁm@ﬁgﬁmﬂtbfvaﬁt@uﬁim ¥RERg Odolder
ux to increase, sol derabi ||t uch as. R (rosin) type, .

(1 act | vat o5 T SR BBl FOSE cRgr i ne THaM e S 3848 1 b

the sol der nay[be73i t herigupesn- @A eind @orbhee f4EN idag anaife sheal ubd ¥Fled

flux. A typical_non-water | ubl e f]ux i he rosi,n-based fl ux ut

ot her non-wat €7 SoIubI & fﬁ% eseﬁgﬁc{_ﬁc us%H&”gThgoigan Prﬁﬂfl%e eﬁﬁerposs
pol yneri zed orcumpdnimgr cewgosThe ddiderngommt! y conpri ses a base

mat eri al such rosi Q. sl |, _anpunt _of an activator. an .
optionally a tﬁfox'%t]ropi ?:1 ge%t % a%sof vent! LExszier"flgsg o] eglﬁeg%g?ﬁ%‘tt&me
for rosin inclepriEidei derhPMFohal i de salts, amine organic acid salts,
and organi ¢ acjg}s51Exa 1 X0 ' ng. i u , _
hydr ogenat ed c!atstor] oi Irr‘.gkig%f\g/)één %ﬁ B%aéf%%ﬂ)f%g% %gﬁ\%\g g‘%ésgfu%‘ll%e%lt?xesg
i ncl ude gl ycolAkttigdder foirt 2ffenIFswithd i &59an&0006886] L00§ stycles.

| mportant 1o oyt he peldels AliRlo SRHIBLEN G 01 EIBY A AR, T Woas
oil's, waxes, greases and Other organic residues for dUF i ng bondi'ng
and assenbly diorépaaipgnselder cininty afvari BE wiltdaler 2665 nbiPat i aws 1000
are avail abl e depnendi ng upon the type of flux used, and may be used
to clean the conposite solder conposition follow ng sol dering. Water
sol ubl e fluxest®diipe cELFPYEH chl eP v &Th awsr BEMs dapgenacdr 3 Mbsin POSS -

flux may be remptadnihyhasTheF i natRd SRy EE 0B RARLSEl VEBHS 886N A 1000
1,1,1,- trichlorethane, trichloroethylene, trichl orofonof( uoronethane,
met hyl ene chl §#*°d&°-trichlorotrifl uoroethane (CFC113),

t etrachl or odi fiowgepet hamegkdCldR) wnd7et Bee SAlVERiSes S ol RAL sn-
6, 569, 252 to Sachdev, et al., and U S. Patent 5,234,506 to W nston,

et
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al . describe these cleaning conpositions in further detail and are

herein incorporated by reference. [0097] Any of the aforenentioned

sol deri ng tecRphdeShi1s8a4" be used to create circuitry usin

conposite sol der. Sol dered | ayers are shown in figure 17 cg‘ﬁhﬂ&ﬂp‘wﬁsms

two | eads 11, where particles 13 are dispersed within the sol der
matrix 12. Fig Sabd ldoi¥eral6sn 0! 108y ehdr Ly Miclsh a sol der

10| nt 13 betvvegét a silicon ch :j ?2 aé%rsubstrate ]1';% |gure 34

illustrates a FR&FYchi pFéﬁﬁﬁéctf*%n 19 Wt Breple cEmIYsiat e reslideal baghesy

12, connecti ngst?reﬁ{ UM edf Cidiidch 1Boal AGPCRIa 180wk t 9 BhRxLhyA e
BaII Gid Arra%O ), substrate :1L5 covgraed W th mh(c?'ﬁ:g coﬁpo}dn rlz?l)

Circuits may b %éﬁﬁﬁe&oﬂlgﬁﬁgjﬁt}%ﬂt@@} €& r oni ¢ conponent s

i ncludi ng, but [oogo)l i m t?egukes, wmiﬁfw«ﬁé@caﬁ Uit il @B8LS19TSE grain
ctitirers mcr

resistors, s Iectronlc deV|ces

and MEMB. [Oogﬁlﬁrt?%ré’}yn?hégllggof Wi fonerPeasi I%éré’?&‘w gRRAdEd] sat 'high
general |y car riebexatuly . hydnoyydic reandangasl iinef bbtwfaﬁﬁCEWQn&chjacent
RS1Y3 precursors . vghere 5 is a h?é é bon r%dl cal ,and Y i.s

hydr ol yzabl e gtSupsuditas BRI oPPEE3C Ef(’OX|4c? Arairgxi H’é‘d??ﬁgoAn]rattice
Chem Soc. 19899,f0m321¢ﬂ4ﬁuelfé8pr&mrmnﬂﬁtﬂ uﬁSeﬂ:ﬂQﬂallﬂc particle on
2526-2528). Thi sual |y, produces .m XLures of | etely .an

i nconpl etely co}%degﬁlaa%é‘{ qu‘%b#Jrae cdlgrﬁngs&%ﬁinoxao e arbng 5Pt a d gc
conpl etel y corfldiad, abl igyeier |h§>u$1dhase5qwba<epmnts sﬂwm@mmuaimon of
R683. 609. ConpeuRdgeof 4d irdthur cStEL- ‘M’&ﬁ{:} %sc(a% Otlﬁé%a&é‘é‘ Rfe

reacted in the presence o aS| C cat al ysts w
functional i zeé‘esilﬁéréﬁﬁﬁetel?1wmn§bésspl@%‘@$q@ﬁéwame519n t he

structure: 9f An gg;plL gy REQL7 9( IS a
(Chem Commun. 199% 2153- 21%4 POI?L§ : r‘;f‘m@%ﬁl‘z% 3%%"(6‘5 gﬁ% oo
301-302). [01GGFPRTERETE offoawi mgSJ@x%grpe@%ectt:we eokARans i vitholeadr svibout

prepared by adgiseg FOSS to a solder matrix. Two different FOSS with
different active,, organic groups have been incorporated in eutectic
96.5 neight percent tin (Sn)-, 3.5 weight percent silver (Ag). Figure
32 illustrat e%Etrﬁ_ngﬁgpgé$Mﬁ Lfg,%. ¥Re Lrhfrreg! der | oint

ol de

fabrication. Si ngl e shear-lap s r joint specinens were prepared by
j oi ni ng hal f- d8§¥Bbne ShbkbedpPabpples. st Paprnt] 3. arhd cadligms | oi gavsrnment

made from sol gabipast forde?, bet tnBﬁtCOHH;gm%E&bﬂé 13, aMgr € 153heut
100 gmthick and with about §(1 mm sol der | ol nt araea Thelse e

joints were nEBESHPRFEAN zﬂlt!?ﬁdnun;r‘?l xttiiie 16°RAsdEigAtannt hea%%se#BWbY

of copper struﬁsoiﬁorémé& Hetie 16l B§Sr&fa@tshokl ianghdot tom otass. 14n case
wer e pl aced. T e, num fixture 16 vvaslg_laced on a hot plate. Once

t he tenperatuf Yod ths AEREFRD caRRfE R PR iwl‘éﬁlqgtéi‘%fé@lﬁhotl%f
bﬁ jo: ned rea?rlneﬂ a:tmﬁrGOBQ 50®emet\telbﬁe mﬂlﬂgeptfbuttoqﬁnghet&?tgiegre
the al umi num fixture. 16 was r eno m t ate_and pl ace

on an al uni nu%?%?% e cB’é?mOiiﬁte o¥ %rﬂ? dt"ﬁ{;"%g??g g the present

met al | ur gi cal iyvemtished to observe the m cr ostructural feat ures

after various ment, a_SsScanni n ec ,,

M cr oscope (SIE %P(BS ‘Z)I gﬁ%sgt a}}uﬁné)ﬁgv\%%cb %é@&‘%ﬁ%&sfroﬁe
the side surfpaetigies meze@rabcoy%@m iS20044020:0%S froomuthaicron in
fracture surfag t ted

[ 0101] Mechani ca t%‘g“%%g g?fm ng e sheé%—al ap Tgl%ll {18% %Ill:h SOX:L ?/\ﬁ”t
nanoconposi t ePagtdiaimote ghitirnsdt{ omenatell, - dastharm;tead mtmlde metal
rei nforcenent g and g5 efeid i v, Si e.Lhe c

anal yzer. The main purpos% o% JE%S%%%F? \f/%tsﬁﬁt BB‘?d ?? Q@ﬁg?%@g

r ei nf or cement ROX@ 1 idrilnere e ae@anihens %Jts@ngmhanshéaﬁlumumh t Qrgancy
paramet er thatusdhoidfd1be; daduead for 'E.ﬂ»%'ﬁ@é!s Shablhkly O}i)u!tt a&%mﬂd%
be increased to neke the solder joint conpliant to accom e

i nposed strains, especially under inpact conditions. The fracture

16~



[0102] The reinforcenments were strongly bonded to the netallic matrix.
They did not aggl onmerate. Well distributed, one hundred nanoneter

size reinforc nts were noted. No corrpound formation at the

interface al so P ARRYPYs that true inert nature of these PESBUS2004/025013
nol ecul es. They enhance the strength to some extent. EXAVPLE 1

[ 0103] Sol der joints were constructed conprising a cycl ohexal

POSS-triol incbipidrest ¢écb,i B 80B8ct & CPEH. Bndedgirn qiﬁnnml.tOrJtallnsﬁ.Sﬂ)¢at& B
wei ght percent (AS) +1SHPP | Li en Produ
nunmber NC63. (déé%%iéggfi eégioUdgr F%@%g%fqg'}égag 4 eﬁ—ﬁolﬁi KO% Fthgega‘l na
POSS-tri ol has®t4f5 .38l Plonavpda (e61832) , 'She mvgtr(c@;cl)as dEve theial
structure V\Q,@%%SO ug20 , I
or' Cycl ohezat POSS-tri ol %5‘% =4 Q%Qgﬁ%?blg&,qyo@a%g %&lﬁdes%nttgl ©
t he cycl ohexal €9#%$ eWPlC{JOM] RS ISSREEr i ﬁ?@OW@lmcgctuB@g arRrgapd.c

surfaces were mhdtyz eich USA b SERINN B0 o8l 86E P NEFB T ©15€ OB¥oud Neoh ikt ing
ace of solder joints wth cycl ohexal

view of a fract suyr

POSS-triol at ‘F‘!iJ \Pg']ﬁ%&tﬁgm ARgr Bﬁog‘é'éjr‘"e hydrosRERAN] T RREr esThE HiFanic
respectively. rE&aardtlyCI e@yal‘ emwmﬂa Abiitde ifer acigyr e siifraee afo solﬁ@dyl
joints with cycl -tr at f

ons own in ure
3, while two rﬁ nl 3 s 8¥° k?ﬂﬁ‘acea]é?yény O\Aﬁy?}f’ﬁqﬂﬁ‘r
4 and Figure Sar}ShedanaanHStafmm e@rbanJ gur erhz Argahnsheldofe&}f aGRy
of solder joinis ohexal P% o n scal
are shown in Flg?t}rugeﬁ ﬁgur’%s 7%hd gfhhl%%’é’gﬁ’l 2161 tro‘??ecyl
(SE) and beck cscdphexetl,ervaa:lyﬂon a(IBE')l |th¢gesybf m@taaﬂ,aro@aenjrl and

pol i shed surf joints with cyclohexal POSS-triol. O ear
particles of 2 %ggiaég&%%ed Figure 20 illustrates the sinple shear

strength of eut0d&tilc SnTig &edmt NPOSEE| cleérad ROSPoIylwdradnpokigameric
EXAVPLE 2 silsesquioxanes and derivatives thereof. POSS has the T-

caged branch point structure:

0O
R—8i—()
b
|
[c086] The general formula of POSS is [R 8i O15 la -

where R is an organic moiety which is the same or different
at each occurrence, and is independently selected from the
group consisting of aliphatic, and aromatic hydrocarbon
groups. The organic moiety includes, but is not limited to,
alkyl, acycloalkyl, alkenyl, ceycloalkenyl, alkynyl,
cycloalkynyl, aryl, and heteroaryl. One example of a POBS

with n = 6, and having a formula RgSig0; is the structure:

=17~



[ 0105] Sol der joints were constructed conprising a phenyl POSS-tri ol

i ncorporated inleutectic 96.5 weight percent tin (Sn)- 3.5 wei ght
percent sil verwbAgsossspe! i ed by Milticoze Sol der Inc., Product nunber
NC63. (Multicore SO|dePpIS now a part of Henkel). Phenyl BEE&Sp04/gp5013
has the chem cal fornula (09H9)7 Si9 09 (OH)9 and the structure: WO
2005/ 016580PCT/ US2004/ 025013 Ph OH 0% 0 Ph--si -20--sk-Jjph Ph--' odio
Ph PhPh Phenyl POSS-triol where Ph represents the phenyl noiety.

[ 0106] The sol der joints were fractured anl the surfaces were anal yzed
usi ng scanning el ectron mcroscopy. Figure 9 shows a top view of a
fracture surface of a solder joint with nyl POSS-triol at the ten
mcron scale. A side view of a fracturessgrface of a sol der joint

wi th phenyl PCSStriol at five mcron al 0‘& shown in Figure 10,
while Figure 11 shows a side fract’&reS' urfacél“f‘a solder joint with
phenyl POSS-triol at the two mcron é‘ ure 12 shows a polished
surface of a solder joint with phenyl E S1yt triol at twenty mcron

scale. Figure 13 and Figure 14 show [/ !
fm-—-wo—-»

R R

The term furthef includes, but is not limited to, triol
derivatives thereof. _

{0g8s] The term “POS” refers to polyhedral ﬁligomeric
silicates with the Q-cage structure'and derivatives thereof,
having the formula [RMe;Si08i0; ;5 ln. One example of a POS
where n=6 is the structure:

OSiMeaR
R&khSKB#’#?"

. 5 \h AN

RMites$i()m——tmeen 5"
ez \ p "'"“‘ / “~0siMesR

bl
RM 2.5 0/ "“o"ﬁ SOsiMbR

. £ . . . ,
where R is an organic moiety which is the same or different

at each oceurrence and is independently selected from the
group consgisting of aliphatic, and aromatic hydrobarbon
groups. The organic moiety includes, but ig not limited to,
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, and heteroaryl. One example of a POS is
The term further includes, but is not limited to, triol

derivatives.
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both SE and BE i nages of polished surface of a solder joint with
phenyl POSS-triol. Clear particles of AgaSn are noted. Figure 20
iIlustrates t{g phdRlg,shear strength of eutectic Sn-Ag and the
phenyl POSS-triol conposite. 1 EXAVPLE 3 [0107] The exper i mér{U52q0d/pas013

repeated using eutectic Sn-Ag from anot her soI der supplier. (Kester;

product number;, ;PA) C]:%W%% S ol dgr&e re usin t§%5t6m
?g g % g grg% gr“é op point

eutectic Sn- sol der, produc nURber
POSS- Cycl ohex}leﬁﬁlbhalwa@%dimeﬁé Selﬁﬂm?a-grans of sol der, thereby

creating 5.07p t pefc ar, ) i d t ic‘ 5Ag.
(see Table 1). “@'ﬁghapp%x%dg I&V%géL%SS C%lﬂ%&/lg%%gfgég but
vol une per cenfobf lfetpdr t‘?%ul%@&e%%dmgi reu'?iﬂétﬁ i 6218n3. Sagmiwn 20cd) ,

vol ume per centiuh§dQ8] (2P| erdaConrPeshi & sRATE ECRANI .
fabricated V\nthueut et |(c pn- 5Aq (&es{ er, Pr oduuct &@ZOXM (Sn)ghtLe;:“i1

used in conposfPer sELEBRE hSéPEI)er FR@SF@FFPEE‘S P dheny Frtlgmigesoit
granD. 2745 graqayP%S §¥Ié@li"@i<yErbﬁll (c)378 @E&ggraaﬂsﬁe?&%ggram wWi% otsn),
particul ates m ied |r2 eutectic Sn- ? g OSS—Pfsenyltrlo
(Tr- POSS) : 5. 121/Ner Ag}, copper (Cu blsmuth

{In), gold .{Au}, nickel (Ni), antimony (8b), palladium (Pd),

zince {Zn), indium

platinum (Pt), germanium (Ge), and mixtures thereof.

[0089] The term “lead-free” vrefers to a composition
wherein the weight percentage of lead is less than 0.01
weight percent (0.01 wt. %).

[0090] A “composite .solder" N ié a solder with
intentionally incorporated = reinforcements. The
reinforcements of the present invention are organofunctional
inorganic oxide particles. The particles are in the range
of 0.1 to 10 weight percent of the matrix.

[0091] The invention preferably incorporates nanometer to
sub-micron level, inert reinforcements which can bond with
solder matrix. Preferably, the particle size ig
approximately ten to a hundred nanometers. Recent
developments in POSS technology have opened up a new avenue
for such applications. The POSS nano-technology can produce
suitable means to promote bonding between such
reinforcements and the metallic matrix. In addition, there
are several means by which they can be incorporated within
the solder so as to achieve nanometer to sub-micron size
reinforcements. Such a composite approach does not alter
the solderability of a given alloy system or its veflow
properties, Electronic packaging, MEMS, and
automotive/aerospace/defense elect;onics are gome of the

potential uses for the present invention. The related art
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2. POSS- Cycl ohexyl triol (Cy-POSS): 5-07 vol % of particul ates m xed in
eutectic Sn-3.5Ag Approximately 20 vol % of particul ates for each

conposite sol ders £0109] Figure 21 illustrates a fracture surface of
cycl ohexal POXE #05/BI6F%8n- Ag sol der joints at | ow magnifi cardmus2edinesoss
bar represents ten mcroneters. Figure 22 illustrates a fracture

surface of cyc| ohexal PGSStriol/Sn-Ag solder joints at high _

magni fi cati on. 1one-Ee r eptdaent &o Pt éii‘élfﬁé%ebr énom@!m%/g@-:gamc nano-
illustrates angSked TRAEE ieflearBohEsheshatitsl ace of cycl ohexal

POSS-triol/ Sn-Ag?soI der s'iBOi nts. The bar represents five mcroneters.

Figure 24 i1l us??%Rles aSBEIPRABE ofsdolPehedF IRt acdTenEyeronBsal be
POSS-tri o|/827£gca@1g@mle{doiw Spgh@iilarlféa&ﬂ Q:H:tfstéﬂé/.l.efheat:i.n mefi:hods.
m croneters. Fi gure il lustrates, a,polished surface of cyclohexal -
POSS-triol / Sn-%@rtsjoa\%del?e?%’rrfﬁ smﬁfh‘?f?%hl S QY AT FhEFarlimited to,
represents oneusimy emebétderkhguieod,l pullsesheates, tlamesi, Mpighsheedm, hot
strength of eu tic Sp--Ag.and cv.cl ohexal S- t.ri ol osite.
EXAVPLE 4 [ 011 T p?%és_gﬁﬁeﬁ;?‘f’r%%fd%%lﬁgdsi?%t%i; etlvla&s"%?ﬁgﬁ?eﬁ“&udE-
usi ng Kester eoteciye 8 13nBAgds bdeinfpmedlote fiowhecoRE2041 o). 2o lDw,

f POSS- i ;agd 0 y
'? ngbg creatiir?%ﬁ?gf r:/\c/gna)r%?% 6’egc§g’{ng %%‘?‘?1 2?3 i&_fm eadégl né(g%[?egltt:ltr}gc (VES),

Sn- 3. 5Ag. (seearfalilewlpoldheinppr oxi nate vol ume percent of the
particul ates nmggfkyin e cti -3.5 .S +20 Vol er t. s

[0111] Fi gure gE |II]ulstrg%§s asgfnﬁg% Brégosgfjr %%g of p gﬁyl ST using th.e
POSS-tri ol / Sn-9qups@iider folfex ais | dw nmgais i cxft i on. sPhdepang iron by
represents ten,ARRuEt ebgnELIHEC s bt | r furact rfiaee '
of phenyl P%Etri ol ?En-A%lpsq?ger Sjgo?ér.l]% sé&géf lﬂ‘iiagﬁnﬁagt;h?’} i%‘:&z;alteq?oe%]n.v}c# ethe
bar represent st EPcr edd. [ (2] PR 28 i FheRt cRpddedn BE the
i mage of a poldidiedoniel aeapeheRBeNRhaPOBS Make! AShthe3Rlid! | UdYther
The bar represents five mcrometers. Figure 29 _illustrates a BE inage
of a polished f%%ﬁBPéc@fofu%y‘}hqvcmmsﬁsﬁ/ SRIAGT sHF dEP jUSentRitlsppdeat
bar represent sdligegiflCr OMBECESnpE: I Gic3dek| [ HShFatBSed 10| dSheEe and
sur face of phenlyl PCSS-tri oI/Sn-A% sol deE1 %oi ntg at hi‘?h .

magni fi cati on PTRFEIBSr 1FefPRLERs THRB i BRUHEt i gurvaction reflow

i I'lustratest heis npluetdlbdamwhereby the provided solder paste is heated by

hot gas flowing from a nozzle. Laser soldering is
accomplished by applying a laser beam to melt the provided
golder. Light beam soldering is accomplished by applying
light from a xenon lamp. ’

[0094] .Generalized methods of sgoldering include .reflow
and flow (wave) soldering. Reflow entails melting and
resolidifying the composite solder. The reflow method is
performed’ by printing the composite solder paste upon a
circuit board prior to mounting of the electronic component.
Heat 1s applied to melt the solder onto leads of the
component . Heat is applied using infrared panel heaters,
convection heaters, or hot inert vapor atmospheres. Flow
(wave} soldering is performed by mounting of the electronic

component by adhesive or insertion into the board prior to
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strength of eutectic Sn-Ag and the phenyl POSS-triol conmposite. WO
2005/ 016580PCT/ TJS2004/ 025013 [0113] Table 2 Blend Tenperature at

E*

104.35 3.21 104

1Gia E*

atyy

g@gmnflectlon tenperature 1 PM\/A+50145 1wt *)
+501455( 2wt k) 102.55 3. 07 fU52004/025013

flux application. This is then followed by forcing molten
solder onto the electronic component. The present invention
may be applied using either single-sided or double-sided
goldering process flows.

[0095] The solder may be used in conjunction with various
types of flux to increase solderability, such as R {rosin)
type, RMA {mild-activated), and RA (activated) flux. The
flux to be mixed with the solder may be either a non-water
soluble flux or a water-soluble flux. A typical non-water
soluble flux is the rosin-based flux, but other non-water
soluble fluxes may be used. The rosin way be either
polymerized or unpolymerized. The flux normally comprises a
base material such as a xrosin, a Esmall amount of an
activator, and optionally a thixotropic agent in a solvent.
Examples of an activator for rosin include amine hydrohalide
salts, amine organic acid salts, and organic acids. Examples
cf a thixotropic agent include hydrogenated castor oil.
Solvents uaefui for non-water scluble fluxes include glycol
ethers, lower alcohols, and terpene.

[0096] It is important to «c¢lean the solder after
soldering to remove solder flux, oils, waxes, greases and
other organic residues formed during bonding and assembly of
electronic circuitry. Various cleaner formulations are
available depending upon the type .of flux used, and may be
used to clean the composite solder composition following
soldering. Water soluble fluxes can be easily removed with
warm, sSoapy water. Rosin flux may be removed with

chlorinated hydrocarbon solvents such as 1,1,1,-

trichlorethane, trichloroethylene,
trichloromonofluoromethane, methylene chloride,
trichlorotrifluoroethane (CFC113), tetrachlorodifluoroethane
(CFC112) and other solvents. U.S. Patent 6,569,252 to

Sachdev, et al., and U.S. Patent 5,234,506 to Winston, et
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102. 95 3 PMVA*S01455(5wtt) 101.21 3.21 100.42 4 PMVA* MS0805(i wt A)
102.49 2.78 104.31 5 PMVA+MS0805( 5w *) 98.07 2.57 102. 61

Cont r ol - powdegoeaRelcéser 301 PCT/US2004/025013

al. describe these cleaning compositions in further detail
and are herein incorporated by reference.

[0097] Any of the aforementioned soldering techniques can
be used to create circuitry using the composite solder.
Soldered layers are shown in figure 17 comnecting two leads
11, where particles 13 are dispersed within the solder
matrix 12, Figure 33 illustrates soldered layers 10 with a
golder joint 13 between a silicon chip 12 ang substrate 11.
Figure 34 illugtrates a microchip conmection 10 with the
composite solder balls 12, connecting a printed circuit
board (PCB) 13 with a chip 11 in Ball Grid Axray (BGA)
substrate 15, covered with molding compound 14. Circuits
may be assembled using various electronic components
including, but not limited to; integrated circuits,
transistors, resistors, capacitors, diodes, rectifiers,
mic._roelectronic devices, and MEMS.

{o098] The synthesis of oligomeric silasesquioxanes is
generally carried out by hydrolytic condensation of
trifunctional RSiY; precurgors, where R is a hydrocarbon
radical and Y is a hydrolyzable group such as chloride,
.alkoxide or siloxide (J. Am. Chem. Soc. 1989, 111, 1741-
1748; Organometallics 1991, 10, 2526-2528). This.reaction
usually produces mixtures of completely and incompletely
condensed oligomeric silasesquioxanes. One important,
completely condensed, oligomeric si'lasesquioxane ig the
compound ReSigOs. Compounds of this structure in which R is
cyclohexal can be reacted in the presence of basic catalysts
with RSi(OMe); to give functionalized, incompletely

condensed silasesquioxanes of the structure:
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PMVA- Cont r ol

302 PML275. 5- 20wt *

- powder PML275.0-15wt* 102.1 86.13 2.61 2.39 100.21 81.02
71.08 2.76 71.08 303 P41275.5-10wtt 304
WO 2005/016580 PCT/US2004/025013
R i
\Si/O
6’.
““*&-—wc-jrmx
| Ry -*-**-m--..
2
WO"‘*—'&
& \
R
[0099] An example is R;8i,0;(0OH); where R is cyclohexal
(Chem. Commun. 1999, 2153-2154, Polym. Mater. Sci. Eng.
2000, 82, 301-302).
[0100] In the following examples, the composite solders

were prepared by adding POSS to a golder matrix, Two

different POSS with different active, organic groups have
been incorporated in eutectic 96.5 Eweig";ht percent tin (Sn) 7
3.5 weight percent silver (Ag). Fj:gure 32 illustrates the
experimental set-up 10 for solder joint fabrication. 8ingle
ghear-lap solder joint specimens were prepared by joining
half-dog-bone shaped copper strips 13. The solder joints,

made from solder paste 12 between the copper strips 13, were

about 100 pm thick and with about 1 mm X 1 mm solder joint
area. These joints were made with an aluminum fixture 16
upon which the assewbly of copper strips 13,

plate 11 and bottom glass 14,

with top glass

were pilaced. The aluminum

fixture 16 was placed on a hot plate. Once the temperature,
measured .via thermocouple wirea 15, of the region to be
joined reached about 30-50°C above the melting point of the
the aluminum fixture 16 was be removed from the hot

One of the

gsolder,
plate and placed on an aluminum block to cool.
joint surfaces was metallurgically polished to observe the
microstructural features after varioug treatments and tested
with a Scanning Electron Microscope (SEM). POSS size and

distribution was being examined from the side surface and

~23.



PML275.5-20wmtt 79.94 2.5 82.34 EXAMPLE 5, [0114] The fol |l ow ng
exanpl es show t he shear strength of eutectic Sn-Ag Sol der Joints
containing different anounts and chem cal noieties of POSS nol ecul es.
Exanpl es of PUBEYSAI¥PLl es to produce conposite sol der. EREmuISE005025013
Cycl ohexenyl -triol (2wtt) Exanple 6 Cycl oherenyl-triol (3wm% Exanple

. H 0 _ i 0,
T L e AL el T o (20, Beamle g enyl
where R is cyekroshézgl of the formila. . Initial M _crpstruc':]g\rNe.
|1ts1Gener ol aphe PRGN pREQIPORA ©TOLEET LIS 10 or
irrespective gpinypenads POSS panddavipesité Seelddgureshidfisetio £36¢ lwell-
071" 0he PSR B | ESlnle e 22 Bl S 4y
gensitive thermomechanical analyzer. The main purpose of
these tests was to identify the P0SS reinforcements which
enhance the shear strength. Shear ductility is a parameter
that should be reduced for dimensional stability. It should
be increased to make the solder - joint compliant to
accommodate the imposed strains, especially under impact
conditionsg. The fracture surfaces of these shear tested
specimens were used to identify the size-and distribution of
the POSS particulates. The polisped‘side surface of the
solder joints were examined with SEM for identifying the
deformation features and their implications.
[0102] The reinforcements were strongly bonded to the
metallic watrix. They did not agglomerate. Well
distributed, one hundred nanometer size reinforcements were
noted. No compound formation at the interface also
indicates that true inert nature of these P0SS molecules.

They enhance the strength to some extent.

EXAMPLE 1
[0103] Solder joints were constructed comprising a
cyclohexal POSS-triol incorporated in eutectic 96.5 weight
percent tin (Sn)- 3.5 weight percent silver (Ag) supplied by
Multicore Solder Inc., Product number NC63. (Multicore
solder is now a part of Henkel). Cyclohexal POSS-triol has
the chemical formula (CgHyz)s Si; Os {OH)s aﬂﬁ the structure:
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usi ng standard mnet hods previously described and as shown in Fi gure
36. [01171Table 3 shows the shear strength of various POSS contai ni ng

sol der joints
t emper at ure.

i ‘{a 81 constant strain rate of 0.01s-1 at room
W 6% poss cont ai ni ng sol der jointd useRCBUSOGH2S013

SnAg sol der paste to produce single-shear |ap solder joints.) [0118]
Table 3 Types of PGCSS used. Shear Strength (M) Prior Art No 2055
(eutectic Sn-Ag) 42 4 Exanp %\8|5__gowt%cycl ohexenyl -

i OH

Q4 /
Cy—gi-Lo—si- 2, _
cv--l-di ol gi Cyclohegal POSS-riol
¥ 0~ 0 i
0 o -Cy
/Qf'wom—éf\
Cy - Cy

where Cy represents the cyclohexal moiety.

[0104] The solder joints were fractured and the surfaces
were analyzed using scanning electron microscopy. The top
view of a fracture surface of solder joints with cyglohexal
POSS~triol at five and ten micron scale are ghown in Figures
1 and 2, respectively. Particles are noted. A pide
fracture surface of solder joints with cyclohexal POSS-triol
at five microns is shown in Figuz}e 3, while two micron
magnifications of the surface are shown in Figure 4 and
Figure 5. Shear bands are noted in Figure 3. A polished
surface of solder joints with cyclohexal POSS-triol at the
one micron scale are shown in Figure 6. Figures 7 and 8
show both scanning electron (SE) and back scattered electron
(BE} images of the same area of polished surface of solder
joints with cyclohexal POSS-triol. Clear particles of Ag:Sn
are noted. Figure 20 illustrates the simple shear strength
of eutectic Sn-Ag and the cyclohexal POSS~triol composite.

_ _ EXAMPLE 2
(0105} Solder joints were constructed comprising a phenyl
POSS-triol incorporated in'eutectic 96.5 weight percent tin
(8n) - 3.5 weight percent silver (Ag) supplied by Multicore
Solder Inc., Product number NC&3. (Multicore-solder ig now
a part of Henkel). Phenyl P0SS-triol has the chemical

formula (CgHs)y Sis O (OH)3 and the structure:
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triol 58 5 Exanple 6 3 wt % Cycl ohexenyl - triol 60 2 Exanple 8 2 wt %

Phenyl -
% Et hyl -

triol

60 3 Exanple 9 3 Wt % Phenyl - triol 61 4 Exanple 7 3 wt

triol 60 2

WO 2005/016580 PCT/US2004/025013

Ph\
(=] -
’ﬁ OH

Ox {
Ph—.gi.0 on
“""Si’ O —S~-pn Phenyl POSS-triol
Ph-- Sl——od-Sf
p !O Ph

where Ph represents the phenyl moiety.
(01061 The solder joints were fractured and the surfaces
were analyzed using scanning electron microscopy. Figure ‘9
shows a top view of a fracture surface of a solder joint
with phenyl PQSS-triol at the ten mlcron gecale. A side view
of a fracture surface of a solder jOlnt with phenyl POSS-
triol at five micron scale is shpm in PFigure 10, while
Figure 11 shows a side fracture surface of a solder joint
with phenyl POSS-triol at the two micron scale. Figure 12
shows a polished surface of a solder joint with phenyl POSS-
triol at twenty micron scale. Figure iB and Figure 14 show
both SE and BE images of polished surface of a =zolder joint
with phenyl P0OSS-triol. Clear particles of Ag:Sn are noted.
Figure 20 illustrates the simple shear strength of eutectic
Sn-Ag and the phenyl POSS-triol composite.

! '

EXAMPLE 3

[01071 The experiments were repeated using eutectic Sn-Ag
from another solder supplier. (Kester; product number
R520A). Composite solders were prepared using Kester
eutectic Sn- 3.5Ag golder, product number R520A. 0.2765
grams of POSS-Cyclohexyltriol was added to 5.1674 grams of
soldexr, thereby creating 5.07 we1ght percent particles mixed
in eutectic Sn-3.5Ag. (see Table 1) The approximate
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Exanple 10 2 wt % Cycl ohexyl -diol 64 3 Exanple 11 3 W %
Cycl ohexyl -di ol 624 [0119]Figure 37 shows the results in graph form

I11. Shear testOXWS/BE&OWi th strain rate at 0.01s-2 [0120] Tadt/BsHosnzs01s
shows shear strength of various FOSS containing solder joints w tﬁ a
constant strain rate of 0.01s-1 at 85C. [0121] Table 4 Types of

PCSS used SheatlGhe gigident of the particulates mixed in eutectic Sn-
3.58g is 20 volume percent.

[0108]
Table 1 Composite solder mechanically fabricated with

eutectic 8n-3.52g (Kester, Product R52034).

Weight used in composite solder.

Solder (Kester) POSS
POSS
Phenyltriol 5.0639 gram 0.2745 gram
POSS :
-cyclohexyl triol 5.1674 gram 0.2765 gram

wt¥ of particulates mixed in eutectic 8n-3.5Ag
1. POSS-Phenyltriol, (Tr-P0OSS): 5.14 %
2. POSS-Cyclohexyltriol (Cy-P0OS8): 5.07 %

vol% of particulates mixed in eutectic Sn-3.5Ag
Approximately 20 vol% of particulates for each composite
solders

[0109] Figure 21 illustrates a fracture surface of
cyclohexal POSS-triol/Sn-Ag solder joints at low
magnification. The bar repreéents ten micrometers. Figure
22 illustrates a fracture surface of cyclohexal POSS-
triol/Sn-Ag solder joints at high magnificatién. The bar
represents two wmicrometers. Figure 23 illustrates an SE
image of a polished surface of cyclohexal POSS-triol/Sn-Ag
solder joints. The bar represents five micrometers. Figure
24 illustrates a BE image of a polished surface of
cyclohexal POSS-triol/Sn-Ag solder joints. The bar
repregents five micrometers. Figure 25 illustrates a
polished surface of cyclohexal POSS-triol/Sn-Ag solder
joints at high magnification. The bar 'represents one
micrometer. Figure 31 illustrates the simple ghear
strength of eutectic Sn~Ag and the cyclochexal POSS-triol

composite. -
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(4Pa) Prior Art No POSS (eutectic Sn- Ag) 28 Exanple 5 2 wt %
Cycl ohexenyl - triol . 35 2 Exanple 8 3.wt % Phenyl-triol .34 4

i 36 4 Ex le lb 2w % cl ohexyl - di ol
Exanple 73 Wtwihgshiessd "1 © anp o el O s a004mas0rs

EXAMPLE 4

[0110] A POSS-Phenyltriol composite sclder was prepared
using Kester eutectic 8n- 3.5Ag solder, preduct number
R520A. 0.2745 gramg of POSS-Phenyltriol was added to 5.0639
grams of solder, thereby creating 5.14 weight percent
particles mixed in eutectic Sn-3.5ag. (see Table 1). The
approximate volume percent of the particulates mixed in
eutectic 8n-3.5Ag is 20 volume percent.

[0111] Figure 26 illustrates a fracture surface of phenyl
?OSS-trioi/Sn—Ag solaer joints at low magnification. The
bar represents ten wmicrometers. Figure 27 illustrates a
fracture surface of phenyl POSS-triol/Sn-Ag solder joints at
high magnification. The bar repregents two micrometers.
{0112] Figure 28 illustrates an:SE image of a polished
surface of phenyl POSS-triol/sSn-Ag solder joints. The bar
represents five wmicrometers. Figure 29 illustrates a BE
image of a polished surface of phenyl POSS-triol/Sn-Ag
solder joints. The bar represents five micrometers., Figure
30 illustrates a polished surface of phenyl POSS-triol/Sn-Ag
solder joints at high magnification; The bar represents one
micrometer. Figure 31 illustrates the simple shear
strength of eutectic 8Sn-Ag and the phenyl POSS-triocl

composite.
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32 3 [0122]Figure 38 shows the results in graph form [V. Shear test
at 150C with strain rate at 0.01s-2 (0123] Table 5 shows shear
strength of various POSS containing solder joints with a constant
strain rate ofO3%BP%50 at 150C. [0124] Table 5 Types oPCPOSBiucesds
Shear Strength (t4Pa) Prior Art No PCSS (eutectic Sn-Ag) 22

[0113]
Table 2
Blend Temperature E* at 30C(Gpa) inflection
at E*=1GPa® temperature
1 PMMA+S01455 {1wtk) 104.35 3.21 104,35
2 PMMA+5C01455 (2wt k) 102.55 3.07 102.85
3 PMMA+S01455 (Swtk) 101.21 3.21 100.42
4 PMMAIMSOL0S5 {1wkk) 102.49 2.78 104.31
5 FMMAME0S05 (5wt k) 98.07 2.57 102.61
Control-powder  PMMA-Control-powder 102.1 2.61 100,21
copolymer
301 PMlZTS.D‘;Ewt% 86.13 2.35% 81.682
302 BM1275.5-20wt¥ 71.08 2.76 71.08
303 BM1275.5-10wtk
304 PM1275.5-20wt¥ 7%.54 2.5 82.34
EXAMPLE 5 |

[0114] The following examples -show the shear strength of
eutectic Sn-Ag Solder Joints containing different amounts

and. chemical moieties of POSS molecules.

Examples of POSS particles to produce composite solder.
Example 5 Cyclohexenyl-triol (2wt%)

' Example 6 Cyclohexenyl-triol (3wt%)
Example 7 EBthyl-triol (3wt%)
Example 8 Phenyl-Triol (2wt%)
Example 9 Phenyl -triol (3wt%)
Examples 10 and 11 Cyclohexyl~diol (2wt% and 3wt$%) where R

is cyclohexyl of the formula.
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Exanple 6 3 wt % Cycl ohexenyl -triol 28 4 Exanple 9 3 W % Phenyl -

triol

25 1 Exanple 8 3w % Ethyl-triol 26 2 Exanple 11

WO 2005/616580 PCT/US2004/025013

I. Initial Microstructure.

[0115] Generally, the PCSS containing composite solder
joints show +very fine gize of particles distributed
uniformly in solder matrix, irrespective of types of POSS

particles. (See Figures 35A to 35H below).

II. Single-Shear lap test at R.T. (22°C) with strain rate
at 0.01 s™

[0116] Single-Shear lap solder Jjoints were fabricated
using standard methods Préviously described and as shown in

Figure 36.

(0117] Table 3 shows the shear strength of various P0OSS
containing solder joints with a constant strain rate of

0.01s™ at room temperature.
(Note: All POSS containing solder joints used eutectic Sn-

Ag solder paste to produce single-shear lap solder joints.)
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3 Wm % Cyclohexyldiol' , 25 2 [0125]Figure 39 shows the results in
graph form V. Shear test at RT (22C) with strain rate at 0.00/s4
(0126] Tabl e 6y edagar strength of various POSS containjng sol der
joints with a constant strain rate 0.001s1l at roomtenper 2004/025013
(01277 Table 6 Types of POSS used Shear Strength (11Pa) Prior Art No

POSS (eutecticroinsgijAg) 42 Exanple 6

Table 3
Types of POSS Shear Strength
used (MPa)
Prior Art No POSS  (eutectic 42 4
Sn-Ag)
Example 5 2 wt%
Cyclohexenyl- 5315
triol
Example 6 ' 3 wtd
Cyclohexenyl- 60 2
triol
Example 8 2 wt % Phenyl-
triol 7, ‘ 60 3
Example 8 3 wt % Phenyl-
triol 61 4
Example 7 3 wt % Ethyl-
triol 60 2
Example 10 7 we % 64 3
- Cyclohexyl-diol
Example 11 3wk % : 62 4
Cyclohexyl-diol

[0119] Figure 37 shows the results in graph form.
III., Bhear test at 85°C with strain rate at 0.01g™?
[0120] Table 4 shows shear strength of various P0OSS

containing solder joints with a constant strain rate of
0.01s™ at 85°C,
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3 W % Cycl ohexenyl - triol 51 2 Exanple 8 2 wt % Phenyl -triol 50 3
Exanple 7 3 wt % Ethyl-tfiol 52 1 WD 2005/ 016580PCT/ US2004/ 025013
[0128] Figure 40 shows the results in graph form [0129]Irrespective
to the types AP punts of FOSS used, FOSS cont ai ni nRCHU$28#025013
Sn- Ag solder joints exhibited an inproved shear strength over the
un-rei nforced eut%ctic Sn-Ag solder joints at different tenperature
and strain raf%l 0130] Fracture Morphol ogy of Joints nade with FOSS
cont ai ning eutectic Sn-Ag sol derrgmwiatas exhibit a honmogenous

def ormati on whi Wmon
as illustrated jn Figures 41A ahPELPLATSENBRRE | | ERERF oS- 229
423. [0131] Conpari son of Eutjectic Sn- Ag and FGSS Cont al(mplag Sol dgr

Joi nts upon Exp 0 ...b. Fo—H e ot VY- ”‘132]
Sol der joints are Jtog E ¢ “used ‘ﬁ? 3’???0u§ﬁ‘ief%r’ﬁaﬁnenw ronrre‘?ﬁ? ad
part of this eval uat| on, sol der joint sAg\)ere exposed to reali stl C

thermal cycling . t+Haf—as—st 30V +A—H-gu-e—4 Se-face—darrages—at
di fferent exposu% megvvere m)nth g%c{log}er?&ng M [Upon exposure tq
1000 thermal cycles, joints Were testedidin standand sheagscpnditi gn

to -eval uate the;resd dU°J st-tengt-h—rar-—NFtesti-figr—eutecttc—Sn-Ag .
sol der contai ni F]Ed[ APt fer ent  WEi Eh?h?nry&(fftfr&i of Q/Cl%ghe%(enyl - pCss
triol were used. Ex‘En@ljeoﬂnt cc)nf?. gwast Eﬁhyy\/atsa::aﬂ. shown 1 mgigure 36.

The geonetry of=se ap
sol der joint. | Eﬁ@ FEC%U g?R’cc&nEVﬁF?}b‘?f{}[JGIS ] As can be seen|in
Fi gures 44A to [44D, significant diol 32 3

[0122] Figure 38 shows the results in graph form,
IV. BShear test at 150°C with strain rate at 0.01g™
[0123] Table 5 shows shear strength of various POSS

containing solder joints with a constant strain rate of
0.018™* at 150°C.
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progress of surface danages were observed in eutectic Sn-Ag sol der
joint with increasing nunber-of TMF cycles. ,[0134] Conposite sol der
joints contai RigGeklssgearticl es exhibited much | ess surface damage
even after 1000 TMr cycles as can be seen in Figures 45A t BCHE004f35013
46A to 46D. [0136] After a maxi num 1000 TMF cycles, eutectic Sn-Ag

sol der joints exhibits a highly localized surface deformation near

the internet altpi c _conpound (I MC) layer in the solder area as can be
noted in Figur £%\  surface darmage observed in eutectic Sn-Ag sol der
joints (Figures 47B and 47C) is due to cgefdixi ent of thernhl

expansi on (CTE) WWM% e Sn
(tin) is highly anisotropic m S5 Bt rSEPen TRt Sirargt :
ani sotropy of tin also plays s|(gnificant role to produceémsayface
damage i n eut ect i g—SA-Ag—sotder—-oeint-s,— 0136} However-—surf-ace—daimge
in conposite sol derio8i ATE cont A'i FEFABEEREN1T cf es wer é2much | ebs

t han conpared to |[damage accunuj ati on Bn-Zgjt ecti ¢ Sn- Ag sol der joints
and the deformatifen éwwwmr
joint area as iIIu‘s*tr fed in F gure 4TA"and 478. 1. ReS$idual
Strength (01377Iditially, POSY iCyclebsesnyhersbilength of the sol der
joint (see Table % Egure—#8y ("‘“3"]5?9'@_7 sfrows—rest+duat—shear
strength of POSS (E&Eké%ﬁegenyl -trﬁoﬁsb %:’on arni ng [sol der joints after
TMF. (tested at RT with a constant straiinlrate of| 0. 01s2E)'1 WO

MNNALO2E01.2..1N01201 .. Tahla 7 H nf TN .cvelac

20051016580PCT/ USeRR4 Q2o+ 3+ 03 —Fakhe rieis g T oy eieg
Example 11 3 wt % Cyclohexyl-

diol , 25 2

Al

[0125] Figure 39 shows the results in graph form,
V. BShear test at RT (22°C) with strain rate at 0.001s™

[0126] Table 6 shows shear strength of various POSS

containing sclder joints with a constant strain rate 0.001s

' at room temperature.

{0127]
Table 6
Types of PO5S used Shear Streﬁéth
{(MPa)
Prior Art No POSS (eutectic Sn-
Ag) 42
Example 6 3 wt% Cyclohexenyl- N
Ericl Bl 2
Example 8 2 wt % Phenyl-triol 50 3
Example 7 I wk % Ethylutfiol 52 1
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Shear strength of eutectic Sn-Ag (MPa) Shear strength of 2 wt POSS
(MPa) Shear strength of 3 wtt POSS (MPa) 0 40 58 GO 250 32 48 49 500

29

‘WO 2005/016580 PCT/US2004/025013
[0128] Figure 40 shows the results in graph form.
f0129] Irregpective to the types and the amounts of POSS

used, POSS containing eutectic Sn-Ag solder joints exhibited
an improved shear strength over the un-reinforced eutectic
Sn-Ag solder joints at different temperature and strain

rate,

[0130¢] Fracture Morphology of Joints wmade with POSS
containing eutectic Sn-Ag solder joints exhibit a homogenous
deformation while un-reinforced joints show a localized
deformation as illustrated in Figures 41A and 41B and shown
in Figures 42A and 42B. '

[0131] Comparison of Eutectic SnQAg and POSS Containing
Solder Joints upon Exposure to Thermo-mechanical Fatigue
(TMF) .

[0132]) Solder Jjoints are to be used in wvarious thermal
environments. As a part of this evaluation, solder joints
were exposed to realistic thermwal cycling condition as shown
in Figure 43. Surface damages at different exposure time
were monitored using SEM. Upon exposure to 1000 thermal
cycles, joints were tested in sgtandard shear condition to
evaluate the residual strength. For TMF testing, eutectic
Sn~Ag solder containing two different weight fractions of
Cyclohexenyl-POSS triol were used. The joint configquration
was as shown in Figure 36. The geometry of solder joint was

a dog-bone shaped[single shear lap solder joint.

I. BSurface Damage Accumulation
[0133] Ag can be seen in Figures 44A to 44D, significant
progress 'of surface damages were observed in eutectic Sn-Ag

solder joint with increasing number-of TMF cycles.
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45 48 1000 26 46 43 [0140] The observed i mproved shear strength and
service performance are believed 'to be related to the pi nning of the
grai n boundar ywelemiongspy t he use of nano-particles. i's_i.nportant
to point out here the nano-particles used nust be |nert sugﬁn}li)’ﬁ%{]fm?zﬁ‘é”

si ze of nano-reinforcenent remai n unchanged during the service

life-time of spjiden joi Bbg Eogfl?’é’ saude j%%ﬁﬂsf Eeﬂffiﬂiﬂg? SpdPAN pAB c1eg
and 49C. 11Il. Significant Finding after "TM~_ [ 0141] POSS |ncreases t he

stiength of t GREEH WG . 1‘?9? ragfiace |C?1'=‘“fﬁ91‘ﬁ n@Vedni¥ed stPdcaMF
damage in POSSenekabsi ognsbé 0gderj AnnFsgurdkt |srsicgnabbcant dexald ze0.
damage near so{oﬂ_gglsub te interface oc urs ﬁjé'm nts nmade wi.th

o

sol der contain fo B ‘E’ﬁd@r g, 10 clepp1 AIHEGEH Cafifshy
1000 TMF cycl exldee dripints r esikHtibitst rangt]blg}ﬂyn nl:Lﬂsalalb.ﬁeinI s face

;niagﬁi ¥\1 Egn{aafoss #gpgéﬁgr glgg%ﬁg ﬁ%?%ﬁéﬁéﬁg é"ﬁpgﬁfl gﬁ%ﬁa}aﬁﬁﬁem
no POSS rei nf dﬁl@ermﬂlde(mmrm 588) can\\Be? GidE A1 658 APAGRIM4S2H04 1 0250k Bace
ol dot s ar e miBHEoRErePreR i Sustile B9 SHider S TS nUD i 172
PCSS rei nf or c@mént4§c)[ 0.194441&ertar goefffdiedtngE wilsrmadadkipame i BASICTE)
conposi te mismatches between Cu substrate and soldexr.  Because Sn
{tin) is  highly anisotropic wmaterial (Body-centered
tetragonal), anisotropy of tin also plays significant role
to produce surface damage in eutectic §n-Ag solder joints.
[0136]} However, surface damage in;coﬁposite solder joints
containing POSS particles were much less than compared to
damage accumulation in eutectic Sn-Ag solder joints and the
deformation were much more homogeneous throughout the solder

joint area as illustrated in Figure 472 and 47B.

II. Residual Strength
{0137}  Initially, POSS increases the strength of the
golder joint (see Table 7 and Figure 48) \

[0138] Table 7 shows residual shear strength of POSS

(Cyclohexenyl-triol) containing solder joints after TMF.
(tested at RT with a constant strain rate of 0.01g™)
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sol ders. [0145] PCSS rei nforcenments can be mechanically m xed to the

comer ci al sol der pastes. [0146] They are unifosuay distributed

t hr ough out t%%’ﬁg‘g % joint wthout any noticeable- mcron size

aggl orer at i on A F 8ss rei nforcenent s present in the jRGHUL2M4029018

exi st at Sn grain boundaries. Such a feature is extrenely inportant

to prevent grain boundary sliding, a process that contributes to

t hernmonmechani cal fatigue (TMF) damage of sol der joints.

[ 0148] Presencel0df3 oPCSS st abilizes the mcrostructure. Even after

about 2000 hours at 150C resulting fr [,1000 TME cycles no

significant mcrostructural changes can lbe noted. No grain growth can

be noted in gol ders reinfprstedrwstheRR3S, [ 0188pROSS parahiesires are

extrenely stabl 8 HRdehr TI\/E cgf QRS - They 4000t expi bi of
i N

coarsening lijke interneta relnforcerrets I ntn
in-situ or necharveies rreaﬂs 51[1% @di t i| on? oft P EESSde Peatds POHR

wetting angl ¢ between eutpctie Sn-Ag sol der anpgpgppper yrates.
[0151] Additidn_of 2 to 3 ight percent PQSS increasesithe. shear
strength of gutecti% Sn-Apy sol defOby aboiyt 50%53i t hout |si gnlf@"éantly

affecting itg dUCHg Ty T roomggnperature stug es. {1

of nore than|[3 weight pertent POSS decrefses the wettability of
sol der on copper SWst rat . 29 45 48
1000 . 26 46 43

[0140] The observed improved shear strength and gexrvice

performance are believed to be related to the pinning of the
grain boundary sliding by the use of nano-particles. It is
important to point out here the nano-particles used must be
inert such that the gize of nano-reinforcement remain
unchanged during the service life-time of solder joints.

They can be seen from Figures 493, 49B and 45C.

IIX. Significant Finding after TMF

[0141] POSS increases the stféength of the solder joint.
- ITMF results in minimal uniform surface damage in POSS

containing solder jointe, while significant localized damage

near solder/substrate interface occurs in jointe made with

solder containing no POSS under gimilar conditions.

[0142] Even after 1000 TMF cycles the drop in residual

strength is minimal in Jjoints made with POSS containing

solders (less than 20%), as compared to significant loss of

properties of joints made with sqlders that have no POSS

reinforcement (40 to 50%).
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[ 0153] Addi tion of 3 weight percent POSS to eutectic Sn- Ag sol der
corresponds to about 15 vol une percent reinforcenent. Increasing the
addition of P Lhereases the wetting angl e and thereby decreases

t he sol der abi %w@tﬁﬁs& es on conposite sol der suggest th Q4033913
vol une percent reinforcenents is optinmal for property and

sol derability j;der at,i 0 .pfo ts. are nano, si z
particles that ?gir%hext r?ﬁ%ﬁ?‘l\?\gl I]Bi%]glngggg %gkgﬁe&gg:\%gr.sjoé\f%ﬁ a“Fafdeer #tn
1000 t hermal cHefesandaiedng 60ians a8500usht hidet |thamedoae nhde with
tenperature exiieqms, JPEESHLELNLQT S658 NI e -DafeM $! 0dge from t he

sol der matrix. Such features indicate very strong bond between POSS
and sol der. [O0IBH44 t hoSYAMSAY OEnLingdimgsou)ths diegdr freenPOFS composite
stronger than gageid c Sn-Ag solder joint in the as-joined
configuration, it deteriorates nuch faster than the eutectic sol der
under TMF condf¥4Ms. [ 0¥SEFTHRiBEPFeRAITEe caR besuerbphierbly mixed to

eutectic Sn- AgelOl-dmimelr@i A bS1&&F SR, or to that of SAC
(Sn-4Ag-0.5Cu) _al |l qy solder joint under realistic TMF_conditions

[0157] Even aft EF4F400 cydhe¥ Srervniisppdy &igtaibubedothepruphi put the
does not exhi bididgehrgni Hicgamt swithee:damage. MorikBhLUANBOR: HQld Cedize
under such conditions is distributed nore uniformy on the sol der
joint surface. 2IHORFREERPensi ve | ocal i zed damage in the sol der near
the sol der/substrsate | Meobat el n€6rsuatalt S Wikseandithi @ i%ivtt denkioko
t he enhanced TMVR erfogﬁrrance., %1%Unl,i ke the reinforcenents present
inin-situ corﬁ?ﬁf’f%t &t ST OUIHETHES K| v RTRdRATERI MR 19 geremely
PCSS r ei nf or cenentrsaat etwepyesbnongtyihrdedatry bbhedsod des . process that
[ 0159] Strong L. f the P r ei nf.orcenent 0 the er, its
nano size, Si g%@%%g%}llg??ymﬁt %?F“gﬁ?/c%%%cgéni %ﬁgﬁu%oaﬁyﬁen@%rf‘a%%do‘f
its existence sldeleigiatm. boundari es W2005/016580PCT/ U520041025013
are believed t t he i trib s t.0.t.he _enhanced perfarmance .
of PGCSS rei nf o@(}gg}sol dggé'jg%}lgér)l s,ol‘fasli-IO %E)Srrpéa{craé’&ritlgegt% i~ B %%%reucr%um'
sol ders. [Ole@vepansten fboor p2ith doR@®SSat Nt H0°Colrden]ting from 1000 TMF

appl i cations wLihizipg g@gﬁﬁ%%@.fe iraslg;rogrt%efa@%f%ﬁge%e&n b 1%8&.

The POSS does not detract~from el ectrical charac Ist1€s™ 0

sol der . No grain growth can be noted in solders reinforced with
POSS.
[0149] POSS particles are extremely stable under TMF
conditions. They do not exhibit any coarsening 1like

intermetallic (IMC) reinforcements introduced by in-situ or
mechanical means. -
[0150] Addition of P0SS decreases the wetting angle
between eutectic Sn-Ag solder and copper substrates.
[0151] Addition of 2 to 3 weight percent POSS increases
4 the shear strength of eutectic Sn-Ag solder by about 50%
without significantly affecting ite ductility in room
temperature studies.
[0152] Addition of more than 3 weight percent POSS

decreagses the wettability of solder on copper substrate.
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[0162] Tabl e 8 shows the electrical conductivity of the eutectic Sn-Ag
and FOSS (3 w % cycl ohenyl -triol) containing joints. [0163] TABLE 8

Materi al s

El wét2005¢mb58Conduct i vity (pC2.cm -2 Eutectic Sna,gfri.,[%%o%{sﬂn

joint -0.12(110.cn)-1 POSScontai ni ng conposite joint sol
-0.11(pC2.cm -1 Bulk Sn-Ag -0.134112.cm)-1 Pure bulk Sn

[0153] Addition of 3 weight percent POSS to eutectic Sn-
Ag solder corresponds to about 15 volume percent
reinforcement. Increasing the addition of POSS increasesg
the wetting angle and thereby decreases the solderability.
Studies on composite solder suggest that 15 to 20 volume
percent reinforcements is optimal for property and
solderability considerations.

[0154] POSS‘reinforceﬁents are nano gize particles that
are extremely well bonded to the solder. Even after 1000
thermal cycles between -15°C and 150%3 with dwell times at
the temperature extremes, POSS reinforcements do not

dislodge from the solder matrix. Such features indicate

very strong bond hetween POSS and solder.

[0155] Although SAC (Sn-4Ag-0.5Cu} solder joint is
stronger than eutectic Sn-Ag solder‘joint in the as-joined
configuration, it deteriorates much faster than the eutectic
solder under TMF conditions.

[0156] IMF performance of POSS reinforced eutectic Sn-Ag
solder joint is far syperior to that of SAC (Sn-4Ag-0.5Cu)
alloy solder joint under realistic TMF conditions.

[0157] Even after 1000 cycles of TMF, POSS reinforced

solder joint does not exHlibit significant surface damage.

Minimal damage noticed under such conditions is distributed
more uniformly on the solder joint surface. Lack of
extensive localized damage in the solder near the
solder/subgstrate IMC interface under such conditions is
vital for the enhanced TMF performance.

[0158] Unlike the reinforcements present in in-situ
composite solders that are weaklyibonded to the solder, POSS
reinforcements are very strongly bonded to the solder.

[0158] Strong bonding of the POSS reinforcements to the
solder, its nano size, size stability without any coarsening

or coalescence, and its existence at the grain boundaries
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-0.09(pg2.cm-1 [0164] The presence of the POSS had little effect on
the electrical conductivity of the solder. [0165]Figure 50 is a graph
showi ng creep nperature of solder with 3 wt percent POSS
(open cl eaved)@g)g%g?ges @to eutectic Sn-Ag sol der joints (d&&K&§2004/025013
dianond). It is clear that the PCOSS i nproves the creep resistance

with this sol der ich is_at 0.8 of its nelting point at room

t enperat ure. [65%2?%??‘63‘%5%#3@3&?%@ | At FORFTiDufeTer i dtier eRlppnced
wi t h ref er encepéofdinairia atfedogrbodi mbiviced bbladou shidis ,undeeshp@ted to
that the inventjon is ncit li @ﬁd heret o. Those havi ng ordinary

ni
skill in the aft &nd AREEEES §otR& f eachi ngs WO
2005/ 016580PCTTLS21104/ 022613 hewei Anwbkpor@tognP@ss adihtice ongblder, for

Modi fi cati ons , ' i thin the e.thereof. Therefore,
the present i n%l%%%?%eﬁlﬁlnig‘%iﬁﬂwﬁy sﬁzggﬂlé?’nsprﬁff’ggﬁeﬁaﬁg%%i‘f‘ﬁe‘i'
W claim 1. Al@iigosi t Eheonp@ss t doascomyr | dencact aframnettel  sbéakerical
and (b) i norgaéﬂé:ra%ie(}qgﬂ)aegi skesndispensed in the solder, wherein

e (I

the particles conpris a silanol group and (ii) a chemcally
bound or gari of iHé2lonal Tgbdap Soshawsuthaceletttheaparctndiasivityercd rthe

the solder is indhgd %lrn{l‘é\%‘; raeflz%bg P4 S04 SRl 300t BE) PALLL L%

are dispersed 1n the s rmmatriX.
joints.
[0163]
TABLE 8
Materials \ Electrical
A Conductivity (pQ.cm)™
Eutectic Sn-Ag solder joint ~0.12 {pQ.cm)
POSS containing composite golder |~0.11(pR.cm)™
joint
Bulk Sn-Ag ~0,13 (pQ.cm) *
Pure bulk Sn . ~0.09 (uQ.cm) ™t
[0164] The presence of the POSS had little effect on the

electrical conductivity of the solder.

[0165] Figure 50 1is a graph showing creep at room
temperature of solder with 3 wt percent POSS (open cleaved)
compared to eutectic Sn-Ag solder joints (dashed diamond).
It ig clear that the POSS improves the creep resgistance with
this solder which is at 0.8 of its melting point at room
temperature.

fole6] While the present invention is described herein
with reference to illustrated embodiments, it should be
understood that the invention is ndt limited hereto. Those

having ordinary skill in the art and access to the teachings
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2. The conposition of claim1l wherein the solder nelts at |ess than
about 250" C. 3. The conposition of claim1 wherein the solder is
an all oy of &S ; 4. The conposition of claim1, wherein the
particles form ?Ogﬁﬁ%ﬁsgal bond with the sol der. 5. The dSHIE2I0/025013
of claim1l, wherein the particles conprise a polyhedral oligoneric

si | sesqui oxan POSS)-triol with the for R7SI.709 and t he

structure: R %—GT%%P/ owbifldf?ﬁog{n.l.z.e,/ %‘%’ﬁﬁ‘ﬁna}m-%‘g‘i&gl?aﬁ%ﬁt gnd

Si -0Si (d SiGsboMimBat®R witttleliR ithet hecopgandfereefi onal Thepeffore, the
pregsent invention is limited only by the Claims attached

herein.
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6. The conposition of claim1l wherein the particles conprise a

pol yhedral oligoneric silsesquioxane (POSS)-triol having cycl ohexyl
groups as the organofunctional group. 7. The conposition of claiml
wherein the particles conprise a polyhedral oligoneric silsesqui oxane
(P033)-triol having phenyl groups as the organofunctional group.

8. The conposition of claim1l wherein the solder conprises a netal

sel ected fromthe group consisting of tin (Sn), silver (Ag), copper
(Cu), bisnmuth (Si), zinc (Zn), indium(ln), gold (Au), nickel (N),
anti nony ( Sb) Wealdiadi um (Pd), platinum (Pt), germanium (CGe), and

m xt ures therqo@Lamg odiE cERIPR @ﬁhﬁ{&ﬂn?ﬁsﬁkﬁin18 wherein the sol der

is Sn-A T tign of claim8 wherein the solder is a
eut ectlg conp ﬁgeﬁ 12%83 éll 5?1@% 96, 5 vémgl % Sn. and 3.5 % Ag. 11. A
conposite co %l@?’%ﬂ?né%n‘?ﬁl §i lc%{}) spriperd WofRfesoldfid (b)

i nor gani ¢ oxi de Wereindhepadialgeeaaprisa (i) heilgedl@eupandiial n t he

particl es conpriashkefiigaldy Bbhahotgagofiupetanh] grayp en sberfacal |y bound

or ganof unct i onabf g{OpRtRMleR surface of the partl cles, and wherein the
particles ar evﬁf‘éx&‘fﬁt‘ﬁ@ Jo'ic?éPl ﬂ?tl%r i%g@gg?%b g?&o&fn 29 rﬁ‘edr al
oligoneric sil ses(gp%1 E’@% é rv é{ﬁ ﬁ ]yhedr al

ol i goreric silitdtes®( IClepars gisnarssd Jasihe ?‘d FEHEtt oni al
silicates, and 8¥f#Xnations ther eof. 12. The conposition of claim
11 wherein the. dhganoipoxtonivdclagnolpyliaereilecoddefmohs the group
consi sting Qéssahbphabic2bgdrocar bon groups, aromatic hydrocar bon
groups, and c i i bd claim12
wherein the ?éﬂﬁ@?%@%ﬁgnﬁféﬁ?g%nllnghcggpﬁhgg rot'r#1 1ecgjgroup

consi sting Ry, cycloalkyl al ken cycl oal kenyl , al kynyl,

cycl oal kyny! , 4adjiE compasider il ol aahulc‘di;ﬁrméﬁh@ﬁéﬂtqla@?%ﬂl 14. The
conposi tion aofhechiad hbd®] whtr Hiersctither, or ganof unctional group is

sel ected f rom%t ﬁrﬁe% 50O bS tlatsh Dfwhersh rhehﬁé?ﬁtﬁé os QFAY!

cyclohexyl, nyI and
conbi nat i on ?ﬂ/lﬁé;dr}g;%m’énc Qﬁ%ési?}]:ﬂ%xm ge@g%) fﬁ aher ein the
particles ar“é1 1%@}6 J&rg e @(Cgﬁg%ﬁ d ﬁsgf[ e IH‘ of pol yhedr al

ol i goneric silsesqui oxanes (POSS), POSS-diols, POSS-triols, and
conbi nati ons thereof 16. The conposition of claimll wherein the
particles are sel ected fromRt he @up consi sting of pol yhedral

oli gorrerl c silicates (PCS), | ol s, and conbi nati ons t hereof

17. 'the conposition of clairm 1 wher the solder nelts at |ess

t han about 250 C 18g TheQ:o OSItI/§ of claim 11 wherein the
solder is an alloy of rre\bglfs.__ ol&nghe ceyposi tion of claim 11l
wherein the solder is in TheRfdrmof a pagte which can be nelted to
forma sol der matrix with|the artddl-es -diispersed in the sol der

mat ri x. 20. The conposi |o«of cl & m.Y1l @rein the solder is in
the formof a solid prefo mmatrl ng'the particles are dispersed in
the solid preformmatrix, i 5'\

R R

where R is the organofunctional group.

6. The composition of claim 1 wherein the particles com-
prise a polyhedral cligomeric silsesquioxane (POSS)-triol
having cyclohexyl groups as the organofunctional group.

7. The composition of claim 1 wherein the particles com-
prise a polyhedral oligomeric silsesquioxane (POSS)-triol
having phenyl groups as the arganofunctional group.
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21. The conposition of claim 1l wherein the solder is |ead-free.
22. "The conposition of claim1ll wherein the particles forma
chem cal bond with the sol der. 23. The conposition of claim1l
wherein the solder conprises a netal selected fromthe group
consisting of tin (Sn), silver (Ag), copper (Cu), bisnmuth (Bi), zinc
(Zn), indi un8(Th}, cogopabifom)el caokel winrgin dret sotdey cofb), pal | adi um
(Pd), plat ﬁw@ & Eﬁe)tai @%m@ﬁm(t@growaommhw @ﬁnhmsh}eof 24. The
COMposi ti °§'1 \? %é‘mﬁ'ﬂ?(@% ééﬁé (29, §fa1691 )25, _The

8

conp03|t|on c conposi tion
conpri si ng=%9 4 'tzgm ge(#pB 3 te conposi tion

conpri si ngm eé%)&mwl@ (-Fﬁ;)t'élP SypGEes © 80 ¥b) i nor gani ¢ oxi de
particles di Eﬂ@edoanSﬁwls@Iidelmmvxﬁelﬂélummh’élepaﬁidecI i8s conprise (i)
a silanol Eneugcand (ii ) a chem cally bound organofunctional group on

a surface ofyq h?hg%ro a of 715111{[@ ﬂlsfhtzé gm_iig; cl]al m 26 wherein
e %"'z‘ée&ﬁ{;?g h“ﬁh’é’oﬁfod)e%&@Bﬁ%P%s)é%g” 459 308 %2 P Fom < he gr oup
g

consistin tin (Sn), silver (Ag), copper (Cu), bismuth (Bi), zinc
(Zn), indiuni} |zh)cplrgmsmte(cqm)pomtlok@bn(mhs)mg:anti mony (Sb), palladium
(Pd), plati nga(lﬁtﬂa,] bgmdﬁa@ﬂldjm (Ge), and m xt ures thereof. 29. The

composi ti on @f ¢lahie8 el bilhe 5% GqCAMELSEgaEN and Ag. 30,
by

The conposit a chem cal

e comest 1 dyy hbpﬂg "’%HSH?;P& PBROEI TR B8 whor of n t he
particles corrpﬂf?l?ém&agéil wdosga g ’@GH@W §PP SBSRWEEne ( POSS) -
trio wth theoff tenparacRESATAOYIBEE dnel paHiclet execseieeted R Si/ OH 014
R0 S / S? Ofom thegrdliftbnsisting of polyhedral oligomeric sils-
esquioxanes (POSS), POSS derivalives. polyhedral oli-
gomeric silicates (POS), POS derivatives, organofunc-
tionial silicates, and combinations thereof.
12. The composition of claim 11 wherein the organofunc-
tional group is selected from the group consisting of aliphatic
hydrocarbon groups, aromatic hydrocarbon groups, and com-
binations thereof,
13. The composition of claim 12 wherein the arganofunc-
tional group is selected from the group consisting of alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, heteroaryl, and combinations thereof.
14. The composition of claim 12 wherein the organofunc-
tional group is selected trom the group consisting of hexyl,
heptyl, octyl, cyclohexyl, vinyl, allyl, hexenyl, heptenyl,
octenyl, phenyl, and combinations thereof.
15. The composition of claim 11 wherein the particles are
selected from the group consisting of polyhedral oligomeric
silsesquioxanes (POSS), POSS-diols, POSS-triols, and com-
binations thereof.
16. "The composition of claim 11 wherein the particles are
selected from the group consisting of polyhedral oligomeric
silicates (POS), POS-triols, and combinations thereof,
17. The composition of claim 11 wherein the solder melts
at less than about 250° C.
18. The composition of claim 11 wherein the solder is an
alloy of metals.
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Si0 where Ris the organolinttional group. 32. The conposition of
claim 26 wherein the particles conprise one or nore of a pol yhedral
ol i goneric silsesqui oxane (POSS), a POSS-diol, and a POSS-triol.
33. The conposition of claim26 wherein the particles conprise one or
nore of a polyhedral oligoneric silicate (POS) and a PO5-trio!,
34. The conposition of claimz26 rein, the arganofynctional group is
sel ected fromt hé9gT]®%§PIB—§ﬁ§1FI§t1iO\r%gﬁB¥n &/ 5&1{1311%5%5%%?& groups,
aromati ¢ hydr odanbaed agrastipwhicncanhbinnltéditsiarhes sokder m@ex The
conposi tion of wellaiie gativherdpertée intlgasutienmiatdnal group is
sel ected f 1 om t haoat0UP, GANSSHIcAAf P tilereiGY QAL in dlekeny!
cycl oal kenyl E.I égx oY ofaoﬁ?én% ar%( I aergi?{eo%rg an
conbi nati ons t REYBGOF & SOHUPEE X B %R 81T HePAeer ei n t he
or ganot i nct i onal T sl PECIGEREBEEK T r om t he group consi sti ng of
hexyl, heptyl, o@llylThecymhpbeixiph, of/ictaity 1al Whereihekerplderhspt enyl ,
octenyl, phenyliz@andegonbi nations thereof. 37. A conposite
conposi tion conptihsing: (a). .a metak .so . ). QT i c oxide
particl es disper %Zd'iﬁ%cglﬁg%ygﬁog%rl,%llm Eﬁej?‘friﬁetr %gﬁﬁép%ﬁdcﬁﬁ%s@%npri se a
pol yhedral ol i gorhennigakhordwdth Bea0¢d8tPoss) - triol with the formul a
R7Si 709 (OH) 3 an@3t heestmyetsitien o RaHn H vlereioHhe solderzom-9/
Os,...... , OH " prishs u.netal Qelected from the group consisting of tin (Sn),
silver (Ag), copper (Cu), bismuth (Bi), zinc (Zn), mdium (In),
gold (Au), nickel (Ni), antimony (Sh), palladium (Pd), plati-
num (Pt), germanium (Ge), and mixtures thereof.
24. The composition of claim 23 wherein the solder is
Sn—Ag,
28. The composition of claim 23 wherein the solder 1s a
eulectic composition comprising 96.5 wi % Snand 3.5 wi %
Ag.
26. A compaosite composition comprising:
(a) a lead-free metal solder; and
(h) inorganic oxide particles dispersed i the solder,
wherein the particles comprise (i) a silanol group and (ii)
a chemically bound organofunctional group on a surface
of the particles.
27. The composition of claim 26 wherein the solder melts
at less than about 250° C.
28. The composition of claim 26 wherein the solder com-
prises a metal selected from the group consisting of'tin (Sn),
silver (Ag), copper (Cu), bismuth (B1), zinc (Zn), indium (in),
gold (Au), nickel (Ni), antimony (Sb), palladium (Pd), plati-
num (Pt), germanium (Ge), and mixtures thereof.
29. The composition of claim 28 wherein the solder com-
prises Sn and Ag.
30. The composition of claim 26 wherein the particles form
a chemical bond with the solder.
31. The composition of claim 26 wherein the particles
comprise a polyhedral oligomeric silsesquioxane (POSS)-
triol with the formula R,Si,0,(OH); and the structure:



1 , 1/ 0Si \ RRwhere Ris a chemcally bound organoftuictional
group on a surface of the particles. 38. The conposition of claim
37 wherein the solder nelts at |ess than about 250 C. 39. The
conposition of claim 37 wherein the solder is an alloy of netals.

40. The conposition of claim 37 wherein the solder is in the form of
a paste which can be nelteg to f&&ma solder matrix with the

particles dispersed hi the sql der“matrix. 41. The conposition of
clai m 37 wherein the sol der “s inthe formof a solid preformmatrix
and the particles are dISp sedlntﬁH solid preformmatri x. 42.
The conposition of cl I\FIEI re| the partlcles forma chem cal

bond with the sol der. g ton of claim 37 wherein the
rganalunctlonal group.

POSS-triol has eycl ohexyl
44. The conposition of cpai b%? V\‘ﬁ ei p/ FTERF’%S-U‘I ol has phenyl

groups as the organofuncyi ,Oﬂal groyp. 45.7 The conposition of claim
37 wherein the sol der COH’B-F-I-Ge-S-—a—r‘GEt/al sel ected fromthe group
consisting.of tin (Sn /si | ver (AQ) \Igopper (Cu), bismuth (D), zinc
(Zri), indium(ln), gold (Au), nickel (N ), antinony (Sb), palladium
(Pd), platinum (Pt), germanium ((ie), and m xtures thereof. 46.

The conposi tmgm?héilsqhal @Me?ﬁnm gﬂl@a@fd der i SH SntlAg 4; t.TQﬁ
conposition gf ghal &l%ﬁ C ergil theSPASRIAL COMPO

gg”p;: :: 29 cBBptisWon® ¢ m% of pc %e? ohgéiner% SHERR- e conposi tion

P 9oxane (POSS), a POSS-dicl, and a POSS-triol.

33. The composition of claim 26 wherein the particles
comprise one or more of a polyhedral oligomeric silicate
(POS) and a POS-triol.

34. The composition of claim 26 wherein the organofunc-
tional group is selected from the group consisting of aliphatic
hydrocarbon groups, aromatic hydrocarbon groups, and com-
binations thereof

35. The composition of claim 34 wherein the arganofunc-
tional group is selected from the group consisting of alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, heteroaryl, and combinations thereof,

36. The composition of claim 34 wherein the organofunc-
tional group is selected from the group consisting of hexyl,
heptyl, octyl, cyclohexyl, vinyl, allyl, hexenyl, heptenyl,
octenyl, phenyl and combinations thereof,

37. A composite composition comprising:

(a) a metal solder; and

(b) inorganic oxide particles dispersed in the solder,
wherein the particles comprise a polyhedral oligomeric
silsesquioxane (POSS)-triol with the formula R,Si,0,
(OH); and the structure:
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(a) a netal solder; and (b) inorganic oxide particles dispersed in

t he sol der, wherein the particles conprise a pol yhedral oligoneric

si | sesqui oxane (POSS)-triol having (i) a silanol group and (ii) a
chemi cal ly bound cycl ohexyl group on a surface of the particles.

49. The conposition of claim.a8 wherein the solder nelts at |ess than
about 250 C 50. The conpoSiti off'df clai m 48 wherein the solder is
an alloy o | netals. 51. The gonposition of cla im48 wherein the
solder is in the formof ap é whi chggan be nelted to forrni a
solder matrix with the b rtj eS)dlspérsed in the solder matrix,

52. The conposition of cIa Im 28 imeTdiA_t hésol der is in the forn1of
a solid preformmatrix and]| the! partlcle% re dispersed in the solid,
preform matri x. 53. The onpo§ftﬁ% oT/z? 48 wherein the
particles forma chenical pond with q e (8ol de 54. The conposition
of claim48 wherein the sof dbLUchpLJ$é§ a metal selected from the
group consisting of tin (8n), silver g copper (Cu), bismuth (Si),
zinc (a), indiumon), gdtd (Au), ni ckel™(N ), antinony (Sb),

pal I adi um (Pd), platinum (Pt), germanium (Ge), and m xtures thereof.

55. The composi g onyof. Cligl %ge\ﬁggm%m@'&oaﬁggﬁe helgs m@gnfgé 56.

The conpositio he~so I's aeu

conposi tion conpfisf ge 861 Rﬁr%% and 3.5 wt % A conposite
conposi ti on cofPr 'Sk egmpasytien pbtkinsdT d&éyerelgrtae(a@?dqr Aeflifani ¢ oxi de
partides di speiesdhamabbet 3800€r, wherein the particles conprise a

pol yhedral ol i @9 b%o%%ﬂo%@ﬁ@ﬁ'o@’@eﬁﬁl QR flicdolBavisneh (1) a
silanol grotp chem cal bound phenyl group on a surface
&1@% ofthig

of the parti ‘The, co Ugsﬂ of Cl@ﬁm 57 wherel n the

sol der nelts atti EAECORRRSHBULR whasgln the 80l5H538H4S on of ¢l ai m
57 wherein t Hormaiidepasie vdnchalchnypeonelied 4 dorm agoldam@agsnposi tion of
cl ai m 57 whergith ﬂﬁéfaﬁmﬂab%hsp&wd ihhke Bolder afateixpast e whi ch can be

gg: ;gﬁ' to ‘; o' M43 % 9&5 %@ﬁ{)dl%ﬁglhhn@b‘%vlﬁé’}n'Lﬁb%@lcﬁk%ﬁﬁ&ﬁ@?hgnsg |h§er
isin the fo H‘FIBTO g})lldp ek %ﬁbﬁt}lkﬂgﬂllgﬁaﬂﬁ%&e\,&] ée?(%:%%s are
di spersed in inge g Rt i X 62. The conposition of claim
57 wherein the %Ehecbwosdmn@f Jhen3dar hershdheipartielnefasn der |
a chemical bond with the solder.
43. The composition of claim 37 wherein the POSS-triol
hus cyclohexyl groups us the organolunctional group.

44. The composition of claim 37 wherein the POSS-triol
has phenyl groups as the organofunctional group.

45. The composition of claim 37 wherein the solder com-
prises a metal selected from the group consisting of tin (Sn),
silver (Ag), copper (Cu), bismuth (D1), zine (Zn), indium (In),
gold (Au), nickel (Ni), antimony (Sb), palladium (Pd), plali-
num (P1), germanium ((ze), and mixtures thereof.

46. The composition ‘of claim 45 wherein the solder is
Sn—Ag.

47. The composition of claim 45 wherein the solder 15 a
eutectic composition comprising 96.5 wt % Sn and 3.5 wt %
Ag.
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63. The conposition of claimb57 wherein the sol der conprises a netal
selected fromthe group consisting of tin (Sn), silver (Ag), copper
(Cu), bismuth (13i ), zinc (Zn), indium (I n), gold (Au), nickel (N),
anti nony (Sh), aI I adl um gd platinum (Pt), germanium (Ce), and

mi xtures ther edB: A cyupos é’@&ﬁégﬁoﬂ GHIBFISMIZai m 63 wherein the

sol der is Sn- A@a a n63al SHderemdosi ti on of claim63 wherein the sol der

is a eutectic f(@)mﬁérgdl@@ Saapr p@ﬂti@%@@ilﬁaeﬁe%ﬁn tanGokidy, Wt % Ag.

66. A conposite ¢qg ﬂlleﬁ%l] ﬁi;} g 18§ Dcl:leqcpctal sol der
conprising 95.5 wt n.and ‘%g Hfigam c oxide
particles dlsper§§‘e ? é % a5l 8 onprise (i)
a sil al 101group?8 1y a; 1‘38118 8841 >93/6 Eé‘%ﬁﬂ)f’&ﬁcﬁﬂv‘%nal group
on a surface of {#ue platheigirégles. 67. The dorrp05|t|on of claim66
wherei n the sold@elharlohspaitides$ cldiand 8bditreidSBeGolder@SeltsThe

conposi tion of 1&dsah i @Bowhesed 0 the solder is in the formof a paste
whi ch can be ngl articles

di spersed in ﬁi'j 33?3(1(‘&]“%1%9} ot (’(]1‘851 th‘%b%rg?ﬂ)hgﬁ ?‘agﬁ]pb“’f“rbl ai m 66

wherein the o100t &ty the formof a solid preformmatrix and the
particles are dilspkesenponitidrerisddinudPrdfeoeimthasoliderisind®e The
conposi ti on dbrmlcinpdc widckican beenphed ite fasn haoide oheiR cal bond
Wi ';PI E:Ihg Sg'()d%:th the arn@es di eﬁ@&?ﬂ%ﬁé b@l’@ie@inzf%hﬁ' mu?gxg’her (eIPnOStS?e
tri o tht”p‘*?sﬂ}%‘fﬁ Sich %G?m R BRI TS o
2) 6 Si0 S HR odja sofid prero atrix and the artlcles are dispersed
in the solid preform matrix.
53. The composition of claim 48 wherein the particles form
a chemical bond with the solder.
54. The composition of claim 48 wherein the solder com-
prises a metal selected from the group consisting of tin (Sn),
silver (Ag), copper (Cu), bismuth (Si), zinc (Zn), indium (In),
gold (Au), nickel (Ni), antimony (Sb), palladium (Pd), plati-
num (Pt), germanium (Ge), and mixtures thereof,
55. The composition of claim 54 wherein the solder is
Sn—Ag.
56. The composition of claim 54 wherein the solder is a
eutectic composition comprising 96.5 wt % Sn and 3.5 wt %
Ag.
57. A composite composition comprising:
(a) a metal solder; and
(b) inorganic oxide partides dispersed in the solder,
wherein the particles comprise a polyhedral oligomeric
silsesquioxane (POSS )-tral having (i) a silanol grobp
and (11) a chemically bound pheny! group on a surface of
the particles,

58. The composition of ¢laim 57 wherein the solder melts
at less than about 250° C.

39. The composition of claim 57 wherein the solder is an
alloy ot metals.

60. The composition of claim 57 wherein the solder is in the
form of a paste which can be melted to form a solder matrix
with the particles dispersed in the solder matrix.
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O/R 1/C1 /0 Si0OSi R'It where Ris the organofinctional group

72. The conposition of claim®66 wherein the particles conprise a

pol yhedral oligoneric silsesquil oxane (POSS)- triol having cycl ohexyl
groups as the organofunctional group. 73. The conposition of claim
66 wherein the particles conprise a polyhedral oligoneric

si | sesqui oxane (POSS)- triol having phenyl groups as the

or ganof uncti onal group.

61. The composition ol claim 57 wherein the solder is in the
form of a solid preform matrix and the particles are dispersed
in the solid preform matrix.

62. The composition of claim 57 wherein the particles form
a chemical bond with the solder.

63. The composition of claim 57 wherein the solder com-
prises a metal selected from the group consisting of tin (Sn),
silver (Ag), copper (Cu), bismuth (Bi ), zinc (Zn), indium
(In), gold (Aw), nickel (Ni), antimony (Sh), palladium (Pd),
platinum (Pt), germanium (Ge), and mixtres thereof.

64. The composition of claim 63 wherein the solder is
Sn—Ag.

65. The composition of claim 63 wherein the solder is a
eutectic composition comprising 96.5 wt % Snand 3.5 wt %
Ag. ’

60. A composite composifion Comprising

(a) a eutectic metal solder comprising 95.5 wi % Snand 3.5

wt % Ag; and

(b) inorganic oxide particles dispersed in the solder,

wherein the particles comprise (i) a silanol group and (i1)
a chemically bound organofunctional group on a surface
of the particles.

67. The composition of claim 66 wherein the solder mells
at less than about 230° C.

68, Ihe composition of claim 66 wherein the solder 1s in the
form of a paste which can be melted ta form a solder matrix
with the particles dispersed in the solder matrix,

69. The composition of claim 66 wherein the solderis in the
form of a solid preform matrix and the particles are dispersed
in the solid preform matrix.

70. The composition of claim 66 wherein the particles form
a chemical bond with the solder.
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71. The composition of claim 66 wherein the particles
comprise a polyhedral oligomeri¢ silsesquioxane (POSS)-
triol with the formula R, S1,0,(OH), and the structure:

where R is the organofunctional group.

72. The composition of claim 66 wherein the particles
comprise a polyhedral oligomeric silsesquiloxane (POSS)-
triol baving cyclohexyl groups as the orpanofunctional group.

73. The composition of cluim 66 wherein the parlicles
comprise a polyhedral oligomeric silsesquioxane (POSS)-
triol having phenyl groups as the organofunctional group.
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