WO 2005/ 016580 PCTI US2004/ 025013 COMPCSI TE METAL MATRI X CASTI NGS AND SCLDER
COVPCSI TI ONS, . AND VETHODS BACKGROUND OF THE I NVENTION (1) Field of the

| nventi on [W 46880 r esent i nvention rel ates general |y tRET/ESA0pAR2501S
castings and solders including brazing, and nore particularly the present

I nvention relates to conposite castings and sol ders which contain

organof uncti onal i norgagomposTUe METALCHRERIFheASTENGS iZMDf urt her rel ates
to a lead-free conposite solder. (2) Description of the Related Art [0002]
Li ght wei ght castings are SRS %FWSQSA@UW% for cast iron
for reducing’ weight. Castings have many uses, especially in the autonotive
and aerospace industries. Oten the |ight weight castings do not have the
performance or reliability of the iron castings. One approach to this

problemis to provide high strength inserts at critical stress points in
the |1 ght veiSHCROINR RIS THDORMENIIEN Pat ent Nos. 6, 484, 790 and 6, 443, 211
to Myers, et al. teach a nethod for formng |ight-weight conposite netal

castings incorporating netallurgically bonded inserts for a variety of
appl i cati ons{VA FH&IhPhdthodAWeatdd®s the step of coating the insert with

a first layefogiider cpdi t hpagehpc L&q{\f&a@ﬁi%@mtégme%@{émﬁyo cayse a
portion of the l'ayer to be sacrificed by dissolving into the cast netal
mat eri al whidampasitengcastirast andpepldensofincladingr hrazing, agnd @Preusi on

barrier bet Ay i r nd gas 7d 2l +e120Q04] +U SooRabghteNo.

6. 006, 819 t |ﬁ#¥;ifqéf %Pg prEQSn { P BLE re co ﬁ& fte
castings and solders which contain otrganofunctional
inorganic oxide particles. The invention further relates to

a lead-free composite solder.

(2) 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 pfoblem is to provide high strength inserts
at critical stress points 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 wunder
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. 6,605,819 to Shimizu, et al.
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-1 WD 2005/ 016580 PCT/ US2004/ 025013 teaches an al um num based conposite
menber having an increased strength of bond between an al um num based body
and a cast W®0HA1688G al portion which is incorporated i nt BCTAURZ04/025013

al um num based body by casting. [0005] U S. Patent No. 5,333,668 to Jorstad,
et al. teaches a process for coating a ferrous or alum numarticle, such
als an engi lnfateatdzheder altni Nef1 iUk - basbdormdxﬂte?@téretméﬂmrﬁgi gac#avﬁm@d wirf h
alumi num al |l py material cast aro e.article ead-fre

el ectroni c sbhgEPesefle atsaah %ﬁ QPPQ &k‘b‘épu"‘t"ﬂ?@ﬁe%smyce
performance andnmpdesBt HirdnOelR&Hiani oﬁ!‘l&ﬂtharhh.@hS ikeqWd¥pdiaied higiehave
better thernpnechanjcal (TMF) capabilities., good dinensional stability,

and reduced Eﬂ‘%cﬂ%@’i“&t‘b%ﬁe BodY HE ab%:r"fl}ﬂ fmance i s inportant for

autonotive, pes@space/ gegenspatedd NPNSYIBE3EEEEL I QI cJ@pQ{:égat | &S ,51S1 nce
t hese situations involve severe thermal excursions. In plcaf

m croel ect r okeRERSS cal PEgcersioREMBItinha dieron alsw@mum artdiclene
'nterconnect@a@coames ddPeLEARE. éwﬁ@délhelllﬂéieslhaew nt@ﬁ qﬁ] S de boards

that carry electrical currént are placed very close to eac Hi g

current dersétdbbueptoaht boad wWitbushumbnen ahdogumpssrigdnerati reground

appl i cations %gvaé 8081 éol utions for electromgration problens. [0007]

Conposite so ? ers are solders with intentionally incorporated

rei nf or cemen{@006her e bewd- freea shanainiatdcdders torel Now perldting aljayi bl e

rei nforcerrents n_sol dﬁ gster’rg such_net hods 1 nclude |ncorporat|%n of

tems owev heIr~ service ™ performance

microelectronic applications requires that they have better
thermomechanical (TMF) capabilities, good dimensional
stability, and reduced electromigration. Good TMF
performance is important for automotive, aerospace/defense,
.and consumer electronic applications, since these situations
involve severe thermal excursions. - In typical
microelectromechanical systems (MEMS), the dimensional
stability of the interconnects becomes important, since the
lines in printed ‘circuit boards that carry electrical
current are placed very close to each other. High current

densities encountered in such MEMS, and current generating

applications, warrant solutions for electromigration
problems.

[0007] Composite solders are solders with intentionally
incorporated reinforcements. There have been several

attempts to incorporate compatible reinforcements in solder
systems. Such methods - include incoxrporation of
intermetallic (IMC) reinforcements by in-gsitu or mechanical
mixing methods. Mechanical mixing'methods can incorporate
IMC directly to the solder paste, or convert the metallic
powder added to the paste to IMC by:reacting with the molten

solder during the reflow process. However, such



internetallic (IMC) reinforcements by in-situ or nechanical m xing nethods.
Mechani cal m xi ng nethods can incorporate IMC directly to the sol der paste,
or convert MR204pP158G4 ¢ powder added to the paste to | MC REGT/E8204/035613i t h
the nolten solder during the ref |ow process. However, such -2 WD

2005/ 016580 PCTI US2004/ 025013 reinforcenments tend to be several mcrons in
size. In adehirifoxcenditreei héndcenente t eadetal cosrcemsduinngss=sE vi ceInand

affect their fectiv S, Service rfqrmance 1 Oprov. nts. achieved by
N e nf or ARENTOT o HG of SHLE SRR JetTal 1P ST , B Sp31 ReY i
rei nforcenerdnd neffwesk usetdelin | efdeptiaeaessch reiSdwvricmrenpsrfanmahbei r

coarsening kinetics duyrin ervice.. As onse, nce, | artj cyl at
rei nforced cOMFGS & dgl‘: lﬁé(\?@ nBY b@g H%?S%Lfe%ﬁfbe&l% gﬁ@dacgﬁal be
el ectroni ¢ selrdesd | abpenanngcton thd htype rapi dmdvance reihbércement,
mniaturization of the. electronic conponents a nied for EOl ders.with,

sub-m cron MEHRPCHr8RRNES HRCHRAI S dSUEB0FBL N ARTSPRERRSY e 305hr BBRHTi s to

i ncor por at e dd¥gfdeniPl IkiGid il @R R COEBRIGe] N hbe SAdladediind, e such
attenpt is to incorporate iron particulate in the presence of a magnetic
field (M MRegtagaats Feinfgrged wrompamitet t SOt @RRANCRAVSol BRE APeey

Per formance jinp1MR@ReLHC 1D BRET 8e0a], J1EEE rbmaRsSHIINS PR EPADRRERES .
Packagi ng, -and Manufacturing Technol ogy- Part A 17 (3), pp. 452-457/, -

1994.) I ncoMidhat the orapddanpevpacei céifat Bbes bhnbatusl Zathani ot hethe
el ectronic %Q.le@%%%nllés @5@0@&?@8 af%lt eﬂﬁé&dforo@omélpé SRR Wt Ne Bl i cr
e t T ow

nmet hodol ogy 1s t aggl o atron o e rei-nforcenents during the re
process nakinegnflewements has developed.

[0008] An alternate approach is to incorporate inert
particulate reinforcements in the splder matrix. One such
attempt is to incorporate iron particulate in the presence
of a magnetic field (M. McCormack, S. 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 methodology 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 associated
problems of interface cracking between the reinforcements
and the matrix (H. Mavoori and S. Jin, “New Creep-Resistant,
Low Meltiné Point Solders with Ultrafine Oxide Dispersions”,
J. Electr. Mater., 27(11): pp.1216-1222, 1998). Another
serious problems associated with incorporation of such inert
reinforcements is lack of any chemical bonding between the

reinforcement and the.solder matrix, which makes them not



acquire larger sizes with pores. Attenpts such as nechanical working by
rolling to break up' and di sperse these agglonerated particul ates have been
tried with weswes/asss® probl ens of interface cracki ng bet veIMU$2084/025013
reinforcenents and the matrix (H Mavoori and S. Jin, "New Creep-Resistant,
Low Melting Point Solders with Utrafine Oxide D spersions", J. Electr.

Mater., 27(hlgdry PREFEER-13222,t0l 9% hareot kdle Seiveue ppekifefmanssociat ed
wi th incorporation of such inert reinforcements is |ack_ of any chem cal
bondi ng bet WS He 2R §fortidhent &% ? hECBEPARENGAL SUCR FRtdrTRKELtRhem

not -3 WO 20Q05/{01858(F J2ebidda$ @0 H-02Hb3 _b\é%hyglbi@abhﬁedt 9nephaneecthe

service performance (H  Mavoori and S. Jin). a consequence such sol ders
with inert F0Hlor cedmatheravapnseapbertiahpl éfentiaprouplvcdursued 0099)

Anot her appr thatad S, Vi S u S oy qﬁb% edysol ders
with small qaf}gln ilt%l@gss%??élhf??égga%é}gg%?hggfgngrr{%s}let%. i% b@?'e?{\hz . E.
Ander son, anthreleRrt®ni¢ehementa/i eblce T(M-MeaMiBbéder ISEbstAndemrsorsn-#Agd Cu”,

J. Electr. ter.q 23(7) i -601, 19 0l o Tn R Bieler,
J.P. Lucas, '\‘ﬁ.ﬁAﬁ%“é‘ﬁ{' NPP&EL&C%ﬁ%r ?qgn&ea%fsﬁ?ﬁﬁaboﬁﬁ%sﬁ%‘éﬁ?@" ESaT BTSN of
Creep Behavidr Bledlear Matteact, c23r{7Ag Sob dBI%-dant ailAbag, SNl | Glwpuns . of

Al'l oy Additjons", erials Scienge and_Engineering,. A 190- 199,
2003, J.G L ,1'F.T'gi%', aiclen; TPy T8GaPantn APhotin ?f?é?%’?@??u%haaﬁgp.
Lucas, "Resiklual> edhamatdkbnBehemvaluaf iod hef mumsdanBehalryoFatcfgueshisn- Ag
Based Sol der_ Joi nt,s",

Vo, C M. BRRCEESG SHAT o PSSR GORARE gt SEEH | PRI ~ RorAbTotlct ur e

of Sn- Zn- Ragliltavss” ,JMakkeétls MRliehce and Engineering, A351, pp.190-
199, 2003, J.G. Lee, F. Guo, S. Choi, K.N. Subramanian, T.R.
Bieler, and J.P. Lucas, “Residuals\ Mechanical Behavior of
Thermomechanically Fatigued Sn-Ag Based Solder Joints”, J.
Electr. Mater., 31(9), pp.946-952, 2002., C.M.L. Wu, C.M.T.
Law, D.Q. Yu, and L. Wang, - “The Wettability and
Microstructure of Sn- Zn-RE Alloys”, J. Electr. Mater.,
32(2): pp.63-69, 2003., C.M.L. Wu, D.Q. Yu, C.M.T. Law, and
L. Wang, “Improvements of Microstructure, Wettability,
Tensile.and Creep Strength of Eutectic Sn-Ag Alloy by Doping
with Rare-Earth Elements”, Journal of Materials Research, .
17(12), pp.3146-3154, 2002). Although these ternary and
quaternary alloy solders can produce binary and ternary IMC
.precipitates, it is difficult to control their size and
distribution during the reflow process. Such alloying also
alters the melting temperature affecting the reflow
parameters warranting changes in processing parameters and
methodologieés.
[0010] With the rapid advance in the miniaturization of
the electronic components a need for solders with sub-micron
reinforcements becomes a necessity. Such sub-micron size

reinforcements when present at the grain boundaries can
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32(2): pp.63-69, 2003., CML. Wi, DDQ Yu, CMT. Law, and L. Wang,

"I nprovenents of Mcrostructure, Wettability, Tensile-and Creep Strength of
Eutectic SnWQ2UMW3hy Doping with Rare-Earth El enents", POHUR044/025p13
Material s Research, 17(12), pp.3146-3154, 2002). Although these ternary and
gquaternary all oy solders can produce binary and ternary IMC .precipitates,
it is diffioudninize gradel hdweidarsi 24 ighag, diber pbetpwandoti mgdehefr EMFow

process. Suc | | oyin | ters,t ' t rat.ur e ct. t he
reflow par aér]rae"?aeéreg m@?ﬁ%’?&nﬁﬁghéﬁ gs Ql%ﬁg%#%g{elggi (ragggélr éﬁtae?%&gné&age’
met hodol ogi ésy K@ity Wehe t beariapi Hoaddanites i n t Isaah niast uappabach ofis t he

el ectroni c conponents.,a need for_solders.-with sub-mcron ei nf qrcenent s
becones a neeé@solyf . BlchS -1m' %?‘gnc?%?%‘w &’&S ggr%‘é?’r%ﬁt ?1908%’[5? plfseescgﬁf'nat
the grai n bairflardeaperaturet SMARRS EMIET8AMPEESUS20R46827813fortamahz e

grai n boundary sli.di,ng, th% regom' nant node c()i] TVME damagﬁ, .duri nggt he hi gh
t enper at ur e | PR 2 PVvE chl ME b@arﬂ%‘gﬁr‘ ndhe 1PPECY SooGRTAFi e8STBLER an
approach i s reanpibdydayi,n s kalscarithpeokal thbagesefispohadl kegbilseg thathi gh

tenperature service enyironnments. a;glese reinforcenents can ninimze the TMF
damage and iifeRPERtAGL, tog EMS fa6F PP ?‘Ft’éﬂ’al‘&?sﬁppibf’%éo’flﬁe

di mensi onal gipaliyl i ty thhahick6eBE6€RAEE GRH1VENE18RE, M &5 ORRCt EQPHESL
applications, [0011] In mcroelectronic applications, as the current
densi ty i ncrdeRsdsn Hagrepsas okhef mighatber weén iemsc thejdeaen callet yodes ng

that result Safael Nof@iadir 1l tHEsdpLeChn | QMO £aBMELAToE SEYRS bangopput or
y have been successfully tackled by 1 ncorporation of copper atons in

t he joint. Similar issues in computer industry have been
successfully tackled by incorporation of copper atoms in the
grain boundaries of aluminum lines. However, there is no
known solution for the same problem in the case lead-free
solders. The sub-micron sized reinforcements that can
result from the proposed method of reinforcing the solders
can provide a solution to the electro migration problem.
[0012] U.8. Pat. No. 5,127,969 to- Sekhar teaches a
solder composition with a continuous phase and a disperse
phase. The disperse phase is a reinforcing material in
particulate or fibrous form comprising graphite, silicon
carbide, a metal oxide, an elemental metal, and/or a metal
alloy. The reinforcing material remains in particulate or
fibrous fo:fm as a disperse phase. While Sekhar teaches
particulate and fibrous reinforcements ranging frbm
submicron to sixty microns, it does not teach of nano-sized
particle reinforcements.
[0013] U.8. Pat. No. 5,928,404° and U.S. Pat. No.
6,360,939 to Paruchuri, et al. teach an electrical solder
paste having primary solder powder and an additive metal
powder component which does not me_lt during the soldering

process due to it having a melting point substantially



grai n boundaries of alum numlines. However, there is no known solution for
the sanme problemin the case |ead-free solders. The sub-m cron sized

rei nf or cemeY@ 2405416584 n result fromthe proposed method oPCT@S204P25011y t he
solders can provide a solution to the electro mgration problem [0012]

U S Pat. No. 5,127,969 to Sekhar teaches a solder conposition with a
continuous pHaeratden dipersldinshpodntThé Ghsperiwapiiapewdsra rei nf orcing
mat eri al in rtlcul or br o] c r €,1 Si

car bi de, 0%1 ]OXI dg)t %an P‘%éerreﬁ#al b 5?% ﬂ@ E?o%}e Z:Tltt aJr[ l:égc?ﬁes

rei nforci ng smali@m atompoaihions pdritchc Aree ecomposeﬂrmﬁs partmaéea difspar se

phase. Wi | e gekhar éa}i‘fcggé rons&tﬁ”' a%%c%ﬂﬁ Ene%?“s re'é‘fgéféwsg%ﬁt{gﬂg' nd

from subm cro 66S not cteadh of hano-si ze particle
r ei nf or cenentrs su[s@@h&]ldd Sf Ratsecind hef38,.40Theamedtall 8. aPat chbben ﬁualﬁo 939

to Paruchuri t each,.an ctrl al_solder, paste sol der
powder and ﬁa}dd&? b:]:;?1 dg‘&?!n to’rﬁ%n@ﬂf‘nﬁﬁl a{edog jﬂS? %‘B

t he sol deri m@gltahecessintEe 40 the fwl/ldsz,gs af oried rvme;mnme}sué)séaobmbihyd 5 WO
2005/ 016580 _PCTI U82004/ 025013, hi her t han th oi nt _of the i mary
cowger - [OOTIE (Fa8t ek, DaRbichenSTe) ey o, anpl el BfnBy ponds a Bhs
COWDOSitionier@t&Bcé@e sorpesedtht Rrd Crh@ﬁeﬁfalas AhastcHaEhml cegaigge Wi th a
second net al a salt solution or suspension of a second_netal. The

netals are gili’@s@ﬁr§&€ﬂest faee koPrthRYi VPERaR RRFPVAgPbRht §°&Fe higher than
the neltinggopaisfts ofy.ishe @koysybor ngd53g\,{_1ep7g heyo argi €2ybhaed. et They coat ed

particles are heated and nelting occurs. at t he

teaches a lead-free - solder alloy with respective
concentrations set such that the lead-free solder alloy has
a melting temperature lower than. a predetermined heat-
resistant temperature of a woyk to be soldered.
{00161 U.S. Pat. No. 5,866,044 to Saraf, et al. teaches

" an electrically conductive ©paste which includes a
thermoplastic polymer, a conductive metal powder and an
organic solvent system. The thermoplastic polymer is
selected from the group consisting of a poly(imide urea), a
poly (ether siloxane), a poly(styrene butadiene), a
poly(styrene isoprene), a poly(acrylonitrile butadiene), a
poly(ethylene vinyl acetate) and a polyurethane.
[0017] While the related art describes alternative ways
to address improving service performances of solders, there
is still a mneed for a superior solution' to this 1long
unsolved problem. Therefore, it is desirable to develop
composite solder compositions with sub-micron reinforcements
which have improved service performance. It is further
desirable that composite solder compositions be free of
lead. Environmental lead release is a drowing concern
considering the inherent toxicity .of lead and the rapidly

expanding utilization of electronic circuitry in all aspects



i nterfaces between the core materials and their coati ngs. The particles
fuse together into a porous netal foam [0015] U S. Pat. No. 6,521,176 to

Kitajim, avoadosoigseaches a |ead-free solder alloy wth respRRbiodB2s013
concentrations set such that the |l ead-free solder alloy has a nmelting

tenperature |l ower than., a predeterm ned heat- resistant tenperature of a

wrk o be sl isger {00261 &b e P Hondhi 0 AL G 1Rl sflouskeaches

an electrically ¢ ctive paste whic es a thernoplastic polymer, a
conducti ve ot alepdwderhiblrl anetaigangc pwbpentiegst efnclTheashemedpliagtic

pol ymer is ro, oluiqo" . y(l . a
pol y( et her %%ﬁ%§%%§€?éa_%%ééﬁ%ﬁ%%enéfbﬂ%gg%%%%fgkﬁﬁlgﬁhy%§¥§2§ﬁ§£%%éﬁﬂene),
a pol y(acr yparanetdes bofadl emd) soddeps| waetldy | addressyla atehat ensaided

pol yur et hane, 017]-Wile the rel ated art describes alternative ways to
address i np?%‘#’ﬁ ms(lefl" Vi l%evﬁsotrerra csé?sosgafl‘sol ders, there is still a need
for a superior solution to this long unsolved problem Therefore, it is

desirabl e to_devel ocg% conposite sol der conpositions with sub-mcron
rei nforce i &h HER TR service performance. It is further

desirabl e tpeg1gOMPOSIRE SphASEnEONPASHNGIsh beptbfeael | £adcoRpyisieanent al
| ead release I1s a grow ng concern considering the inherent toxicCity . of

| ead and t heomRas i ion expupbiagnat Al mesplomadrid, e@ndnivorgreift pyxids al |
Compos! i o WO coe Ehe aheaRt Y oPoTeac w T FArSl arah BPORE ore
such as nelai rurfaeperaf urehesopdetablei tyheraingueheéehpairbicland are
proceSSingdispersed in the metal matrix.
[0019] /The invention also provides a process of preparing
a composite composition comprising the step introducing
inorganic oxide particles with a chemically bound
organofunctional 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 invention further provides the previous
compositions and prbcesses, wherein the metal or alloy
thereof melts at a temperature of less than about 600°C. 1In
some embodiments of the previous compositions and processes,
the metal is an alloy of metals. In some embodiments of the
previous compositions and processes the metal is selected
from the group consisting of Magneéiunl (Mg), Zinc (Zn),
Cadmium (Cd), Aluminum (Al), Indium (In), Thallium (T1), Tin
(Sn), Lead (Pb), Bismuth (Bi), and mixtures thereof. In
some embodiments ' the previous compositions and processes,
the particles are selected from the group consisting of a
POSS, a POSL aﬁd mixtures thereof. Some embodiments of the
previous compositions and processes provide particles that
are a POSS-triol with the formula R;Si;O5(0OH)3; and the

structure:



paranmeters of |ead solders would address a | ong unsolved problemof toxic
wast e di sposal. SUMMARY OF THE | NVENTI ON [ 0018] The present invention
provi des a WE390§016880 conposition conprising a netal natriRCT/ESRH04/625013ani C
oxide particles with a chem cally bound organofunctional group on a
surface of the particle wherein the particles are dispersed in the netal
matri x. (0019] The invention also provides a, process of preparing a
conposite conposition conprising the s‘i\e_pf‘?lht roduci ng inorganic oxide
particles with a chemcally bound orgaﬁofun%hi onal group on a surface of
the particles into a nolten nmetal, t# groduyce a nmetal matrix with the

particles dispersed in the netal e Aten IThe invention further
provi des the previous conpositions *rd;ép.r@ esges,. Wherein the netal or
alloy thereof nelts at a tenperaturpgf I sd’thaﬁ about 600C. In sone

embodi ments of the previous conpositlons anll/processes, the netal is an
alloy of netals. In sonme enbodi nen of 1 he&\ previ ous conpositions and
processes the netal is selected omthe gr&up consisting of Magnesi um
(Mg), Zinc (Zn), Cadmum (Cd), Alum num (Al), Indium (In), Thallium(TIl),
Tin (Sn), loaall (AR tH sRgdhdfinct iamd1mgxbupes tThegenk. ebodimeRts of
enbodi nment s thehgrrevi ous conposi.tions ang rocesses, r%%gxﬁéirtjc es are
sel ected frdh& HEFQYHRNP cGREPSEERLCBF andpBESCesspes, TEAFERS t REF eof .

Sorme enbodi rBAiloHxdINePoBEeYr@gE, CHHIAY t i ANDLIRA P €8ES $RE-tlQWsdeare

particles that are a POSS-triol with the formula R7SI 70(0OH) 3 and the

structure: -bhenyl POSS-triol.
[0021]' The invention further provides a composite
composition 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 solder 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. 1In
other embodiments of the Eompositions, the soldér is an
alloy of metals. 1In 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 R;Si;05(OH):; and the structure:
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t he organofunctional group. In sone enbodi nents of the previous

conposi ti ongv%ﬁ‘ﬁ’sﬁ(éé‘gsses, the particles are cyclohexal PCBES20#625013rhi | e
in others the particles are phenyl POSS-triol. [0021] The invention further
provi des a conposite conposition conprising a netal solder;., and inorganic
oxide particles with a chemcally boq?d organofunctional group on a
surface of the particles dispersed in jge' | der. in sone enbodinents, the
solder is a paste which is nelted to fgrim tRg solder as a matrix with the
particles dispersed in the matri, Lﬁ’@thed’eqﬁpdinents, the solder is a
solid preform of the solder with ?ﬁf‘§qwaa‘ a matrix and the particles
di spersed in the matrix. [0022] The‘iﬁbmmﬂ--n“iunkher provi des enbodi nent s
of the conposition, the sol der neltE;ﬁt I {than about 250C. In other
enmbodi ments of the conpositions, thgrsalgderidfs an alloy of netals. In some
enbodi nents, the solder is |lead- fgee. In sqre enbodi nents, the particles
forma chemcal bond with the sofder. in sofke enbodi nents, the particle is
a POSS-triol with the fornula R7Si 7(0OH) 3 and the structure: -8 WD

2005/ 016580 aRAT/RISZO 04 5o fundtivnalOdraunt R Iz somre oenaedithemics i onal

group. In SR %@%%q.'cq%gt Are cyclohexal POSS-triol, while in others the
particles are phenyl POSS-triol. In some embodiments of the
composition, the metal is selected from the group consisting
of tin (Sn), silver (Ag), copper (Cu), bismuth (Bi), zinc
(Zn), indium (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
mixing the particle and metal solder to provide the paste.
[0024] 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 solder, 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



the particles are cycl ohexal POSS-triol, while in others the particles are
phenyl Pm%é&éuﬁ}omsw sone enbodi nents of the conposition, the netal is

sel ected fromthe group consisting of tin (Sn), silver (RgTUS2@p25011 Cu),

bi smuth (Bi), zinc (Zn), indium(In), gold (Au), nickel (N), antinony
(Sb), palladium(Pd), platinum (Pt), germanium (CGe), and m xtures  thereof.
In some entss on heomprbsingit A metalspsolder apd iingngaHa e®bdeli nent s

the netal ;F% Hit1ley i@ 6F i KemPOa Pl YMBERN ‘ofgaﬁuafm%tpﬂonéfgﬁ%g hén
invention further provides a process of preparation of a solder paste
conposi ti ot cowpricsi ©f tthe perdgcdesi dispeyepdginnbhganpidexi dehgarthe| es
with a chemng L.y shau 0 0 lsonal 0 r{a8c .t he
particles ?%%g%%lééggﬁ@%ﬁa?%%%é%§?8%§Igngﬂénggﬁgc g%?%a%?yﬁe%$§%£g t he
particle andoélal sGheer imyemtdwnde fudheast @roviidie?4] arheprowesd i arf

further prqy .met h of, Lin | Sj ps viding a
conposi t 6 PASHASENARE, St s BRIt e AP abPacr SR F B gae P EL
particl es Jdirithroducheg cahbyghniod axideofmedtiicdesl giohp en chemsiwdEle of

the particles_dispersed in the solder, and _applying said,solder ta join two
or more comyoREnF IR rﬁztlf&aaergﬁﬁ}‘i% saw%ﬁﬁﬁaﬁgl P? &f‘}'ée s%?lél%Jr&[ join
the two or toperedBPeONeHS. al Gl Theldayentnerhdrnilddicly - mikexgdeashain

apparatus conprising one or, nore_conponents, and a conposit -9
5005/ 01658 BPEICIS2 GRS (s S@o@&}bg’?‘?i gﬂr‘eoﬁppﬁﬁﬁg é%t“’aqelts‘&%\éfg‘eand

inorgani c uisie R ifdARs WHd prdmipnCalidnereamnd wigangdricdieala g oup on
a surface of the particles_dispersed in the solder, when the

dispersed into the metal matrix.

[0027] The invention further provides a process of
preparation of a shaped solder S corlnprising introducing
inorganic oxide particles with a chemically bound
organofunétional group on a surface of the particles into a
metal solder and a flux, mechanic‘ally mixing the particles
and wmetal solder, melting the. metal solder wherein the
particles are dispersed into the metal solder and casting
"into a desired shape, cooling the shape, and cleaning the
flux from the shape to provide the shaped solder.

[0028] The invention further provides embodiments of the
previous solder methods, processes, and apparatuses, wherein
the solder melts at less than about 250°C. In other
embodiments of the previoﬁs solder methods, processes, and
apparatuses, the solder is an alloy of metals. In some
embodiments, the solder is lead-free. In some embodiments,
the particles form a chemical bdnd with the solder. In some
embodiments, the particle is a POSS-triol with the formula
R;8i705 (OH) 3 and the structure:



conposi tion has been bonded to the conmponents by heating. [0026] The

i nvention fQ%éher rovides a process of preparation of a solder preform
conposition ﬁ?i}rs" ﬁ ﬁfb i ntroduci ng i norgani c oxi de parti cPEE/URRA0W026013
chem cally bound organofunctional group on a surface of the particles to
particles of a netal solder, nmechanically mxing the particle and netal
solder to forma paste, and nelting thg Q@§te to formthe preformwherein
the particles are dispersed into the matri x. [0027] The invention
further provides a process of preparagTon oform shaped sol der, conpri sing
introducing inorganic oxide partiwlgs \ﬂ&__é chgmical ly bound
organofunctional group on a surface P t:e a.%}cles into a netal solder

and a flux, nmechanically mxing the aFT#TW‘S““ metal solder, nelting the
nmet al solder wherein the particles me di sjegised 1 nto the netal sol der and
casting into a desired shape, cool is d¢re—ghape, and cleaning the flux

fromthe shape to provide the shaggﬁ sol der. \[0028] The i nvention further
provi des enbodi nrents of the previous sol der "nmet hods, processes, and
appar at uses, mhereln the solder nelts at .| ess than about 250C. In other

embodi ment s ¥®dtRelfr Eheo Pragnqlfunaitingd, iBessekh gRue &B‘F&ﬂéﬁ‘ﬁ%§ t he

sol der is an,fl {Qy Bfev%agssohaeifom@thsabod%ﬂaaégseéheaﬁal arSthaad, free.
In some enbodi ment s the particles forma chem cal bond with the solder. In

some enbodl?h#nﬁﬁrﬁiﬁiﬁﬁnaﬂQﬂQ¥¢¥Phﬁﬂai5§955rﬁrl@ﬂbhwhﬁéeféﬁn@FéerS the
R7SI 700( OH) 3,000 dss X Gty P 309%/ 038588nECLAHEA RALE258E3thE

of the previous solder methods, processes, and apparatuses,
the metal is selected from the group consisting of tin (Sn),
silver (Ag), copper (Cu), bismuth .(Bi), zinc (Zn);, indium
(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 tﬁe 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 gsolder with enhanced service
performance.

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

drawings.
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S 9-al -"P 01 and Ris the organo functional group. In sone enbodinents

of the preyj ?&Eégggf nmet hods, processes, and apparatuses, the particles
are cycl ohexa riol, while in others the particlesPaF&SH4A38013

POSS-triol. In some errbodl ments of the of the previous sol der nethods,
processes, and apparatuses, the nmetal is selected fromthe group consisting
of tin (SnBRIE§iDESCRaAgwxnb@WDEHE(DR}WINGSnuth (Bi), zinc (Zn), indium

(In), gold ni ckel t.i. mn Sb) al | adi um (Pd), num (Pt),
ger mani um ([@;&]and it ree tH‘gL (r%%r\éf:(r? s%rr% grrbo?ilgr]en fj Pi‘gé‘f%’fe mat ri x
I S Sn--Ag, sardaice fafrtdnesoldebog]omnnt withe cyellaherailr |PDS$-ta:mlt ectThe 96. 5
w% Sn - 3.5 w % A% CB% %0029 Therefore, it is an object of the
present |H9EnFFBHe? Nt Hyg Pﬁ TORFYEE®or ganof uncti onal i norganic oxi des
to achi eve [desBled | w.glur@f 2paﬁuuout@hEesl zc aog wﬂié@ercm oa ifrdcuarel ting
metal s as cast.li ng @g sol der s, as to enhaﬂ }?1 th service_perfgrmance.
i ohex

[0030] AnofHEE2S %fs?%@eﬁrégéﬂF WALBNEYS PEF@VFEQO& ¥ ree

sol der wi t bagnkapeegdentiVices m@@g&@éﬁgﬁge [ 0031] These and ot her objects
w || becone increasingly ag par ent reference to the follow ng description

and the driAfRAds. | Figy 209%19%5@9«3@@/%0@%@11% spriate GESERI PTI ON
OF THE DRAMLNGSr joint with cyclohexal POSS-triol. The bar represents

five micrometers.

[0035]) Figure 4 1illustrates a side fracture surface of a
solder joint with cyclohexal POSS-triocl. The bar represents
two micrometers.

[0036] Figure 5 illustrates a side fracture surface of a
solder joint with cyclohexal POSS-triol. The bar represents
two micrometers.

[0037] Figure 6 illustrates a high magnification view of
polished surface of a solder joint with cyclohexal POSS-
triol. Thelbar represents one micrometer.

[0038] 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 cyclohexél POSS-triol. The
SE image and BE image is at same area showing clear Ag;Sn
particles. The bars represent two micrometers.

[0040] Figure 9 illustrates a top view of a fracture
surface of a solder joint with phenyl POSS-triol. ‘The bar
represents ten micrometers.

[0041] Figure 10 illustrates a side view of a fracture
surface of a solder joint with phenyl POSS-triol. The bar

represents five micrometers.

-12-



[0032] Figure 1 illustrates a top view of a fracture surface of a sol der
joint with %églohexal POSS-triol. The bar represents five mcroneters.

[ 0033] Fi gur 2005(014789 r at es a top view of a fracture surfBCEUSR0OA/03OLTIEr
joint with cyclohexal POSS-triol. The bar represents ten mcroneters.

[0034] Figure 3 illustrates a side fracture surface of a solder joint with
cycl ohexal Pffseayiol .ritierdar: rigpnesanites & vade graoeuges sulrfaadk] ofi gure 4
illustrates a side fracture surface of a sql der &g%n wi th cycl ohexal
POSS-triol . Hard FidPr sdidh Ph rﬁ%ﬁﬁl@&s. i B%FIFFSBF SENER| B¥Pr at es
a side fractyiersmddaxee, of a solder joint with cycl ohexal POSS—tri ol . The

bar represents two mcroneters. [00373 Figure 6 illustrates a hig
magni fi cati oPABw of FispinesHed iddistaates aasoP@dishsrnt SWifﬁcﬁycPShe%al

PCSS- tri ol soﬁfzfelbaaoiﬁer%%ﬁ SpRERY crrds@ett%olLOOB@heFlw erzprégel%gat es
an SE image of poliShed surface of  a solder joint with cycl ohexal

POSS-triol . tRNtySEigRaRetans -BE |mage Is at sanme area showi ng cl ear Ag3Sn
particles. T rs re}\;pL ty 4 s(‘tl Rter Sn [ggSleg urgf8 bg%g% Lates a
a so

BE i mage of po |shed ace o er joint wth cy ohexal triol.
The SE wra@na‘iractaBEOfrrwgesobdar g tar‘e:atlshphﬁng'lclmskg@@i phevinges.

of & fract urdea Al BREbREThEL #a%‘n’?o* foidenhs gt it g P, T E"
represents tRO48]cr ondtiefifre [1A041]1 usitgarteslO a I IBEst riaicgse a of depolished a
fracture surface of a solder joint with phenyl POSS-triol showing
clear Agi;Sn particles. The bars represent two micrometers.
[0046] Figure 15'i11ustrates a polished surface of a
solder joint with phenyl POSS-triol. 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. ' '

[0049] Figure 18 illustrates a sketch of soldered
components.

[0050] Figure 19 illustrates microstructure of eutectic

Sn-Ag. The bar represents ten micrometers.

[0051] Figure 20 illustrates the  shear 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 an. SE image of a polished

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

«-13~



surface of a solder joint with phenyl POSS-triol. The bar represents five
m croneters. -12 WD 2005/ 016580 PCT/ US2004/ 025013 [0042] Figure 11

i |l ustrat eW@26056e658¢ act ure surface of a solder joint w paTmSzyh25013
POSS-triol. The bar represents two mcronmeters. [0043] Figure 12
illustrates a polished surface of a. solder joint with phenyl POSS-triol.
The bar repbasertpresentby fiver aieromnstef§044] Figure 13 illustrates an SE

i mge of pollshe? -surface of a flder oi nt ﬁgenyI:E{SS-tH(ﬂ edJ_ﬂowing
clear Ag3sn [98PPi ¢l esFigHESH A4 réi BskhRkes wa rﬁ’%r dmager o re 14
i Il ustrat es garBEcknege aofcyRaldheixed med-2e800)/sa-agl deldedi Hloiwtt. h pheny|
POSS-triol show n cl ear E93Sn articles. The bars represent two

ni cr onet er sP ar[GB%EfS??EEr Y8 PLFTRMGERES- o pol i shed surface of a sol der

joint with goesgy POSeigntel .oF hallmrst&aeragseat §olflls\r@dﬂ SUPFBEE! Sof [ @047]
Figure 16 illustrates the structure of pheny OSS-triol. [0048] Fi gure 17

i | [ ustrat esCYRéoBeXatt ur £OSS -bydiodd Sraha PO@Slltqeirol JobuD] FRur e high

i llustratespg ﬁKEiéQtP&nS()"@ﬁéegarCPQ@Pé@éﬁ@s 0 e 19 il lustrates
mcrostructurg of eutectic Sn-Ag. The bar represents ten m cromet ers.

[0051] Figud@03®lil| uBigares 2theildlesraseserpyt Hugictuge: esuréasn- /ARf ard

conmposi tes. ;h97] pbBULE 151 /sh-AE 'R {JAK Ui€ $ULT 3Rl i%ation.
The bar represents ten micrometers.
[0058] Figure 27 illustrates a fracture surface of a
phenyl POSS~triol/Sn-Ag solder joint at high magnification.
The bar represents two micrometers.
[0059] Figure 28 illustrates an' SE image of a polished
surface of a phenyl POSS-triol/Sn-Ag solder joint. The bar
represents five micrometers.
[0060] Figure 29 illustrates a BE image of a polished
gsurface of a phenyl POSS-triol/Sn-Ag solder joint. The bar
represents five micrometers.
[0061] 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,
bottom glass plate, solder paste, thermocouple wires, heated
aluminum fixture.
[0064] Figure 33 illustrates a solder joint between a
silicon chip and substrate.
[0065] Figure 34 illustrates a microchip connection with
the composite solder. .
[0066] Figures 35A to 35H are SEM images of initial
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cycl ohexal POSS-triol/Sn-Ag solder joint at |ow magnification. The bar

represents ten mcroneters. [0053] Figure 22 illustrates a fracture surface
of a cycl oNOEWSHER ¢ iol/Sn-Ag solder joint at high meREHY$HOUI28H3 The
bar represents two micronmeters. [0054] Figure 23 illustrates art. SE inmage

of a polished, surface of a cl ohexal P ~triol/Spn-Ag sol der..joint._ The
213 W 2005/ BA6E86E BESFRESO G CHBOIE ETSY o PRERHRLng ) SRR e

[ 0055] Fi gur go2d4tkl.lustrates a BE i mage of a polished surface of a

cycl ohexal POSS-triol/Sn-Ag solder join The bar represents five

m crometers. ??663%] Fi 5&9@9953f5| tas ?a%i%u%tﬁﬁ%%é?feﬁrq%%ls%fs,hefr lap
cycl ohexal PEgpabki 9§binn; Ag sol der joint at high magnification. The bar

represents one microneter., [0057] Figure 26 i]lustrates a fracture surface »
of a phenyl [POERIt i oFigHrag 3ol #8r § cg¥APht shewWiRdgrfiieasat pbengthe Har

represents t ) 5 ' e | tr : r ace
of a phenyl @g«%sﬁggrﬁryi@? Aéﬂgola} ellr:icjg%gf n?&g}t}b%}%% ﬁ‘%?%‘lﬁcg??gﬁf %'I%&Lar
represents t#eshedraherees. LEUPSORtEIegUWEt2 BStndigs tuahieeatar? . BB i nage of a

Fopresents 10208 cr onbrdies Chocby B arribisoipSfited) S’ gpbendlh of
pol i shed suehbeetdé HrpihenyanB@OS&tidus / Spmpes Biod deoldemt joihes bahear
epresents TLAEUIACEETEL 8y OB EL e, 3Y i uakcat os @ pol ) shed surface
[0070] Figure 39 is a graph showing shear strength of
eutectic Sn-Ag and various composite solder joints shear
tested at 150°C with strain rate at 0.01s™.
[0071] Figure 40 is a graph showing shear strength of
eutectic Sn-Ag and wvarious composite solder joints shear
tested at room temperature with strain rate at 0.001/s.
[0072] Figures 41A and 41B are graphs showing schematic
of shear deformation behavior 41A of eutectic Sn-Ag solder
joints, and 41B POSS containing composite solder joints.
[0073] Figures 42A and 42B are SEM images of shear failed
specimens: 42A eutectic Sn-Ag solder joint, 42B POSS

containing composite solder joint.

[0074] Figure 43 is a graph showing temperature-time
profile for TMF.

[0075] Figures 44A to 44D are SEM images of eutectic Sn-
Ag solder joint after TMF with 0, 250, 500, and 1000 cycles.
[0076] Figures 45A to 45D are SEM images of 2 wt. % POSS
containing solder joint after TMF with 0, 250, 500, and 1000
cycles.

[0077] Figures 46A to 46D are SEM images of 3 wt % POSS -
containing solder joint after TMF with 0, 250, 500, and 1000
cycles. .

[0078] Figures 47A to 47C are SEM images of eutectic Sn-
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The bar represents one mcroneter. [0062] Figure 31 illustrates the sinple
shear strength of eutectic Sn-Ag and conposites. [0063] Figure 32

i |l ustrat es%%é"“@’?b‘é?q nental set-up for solder joint fabrPCHUB04/0230Bper
strips, top glass plate, bottomglass plate, sol-der paste, thernocouple
wires, heated alumnumfixture. [0064] Figure 33 illustrates a sol der joint
between a sAYikasedBplden ielhs afder 0009 TMFgeveles. il l ustrates a

m crochip cogﬂpﬁ;ion,'t he, Lonpesi_te er ] Ei_qur 35 35H
are SEM i mages of]t inﬁﬁ%ré-ffvgpsgoﬁl 6’%%? 0 5&%%@@%00%?%3&?8‘%& éhggr'

m crost r uct wsEresigtiar bdusePOSSE tontSai-Aigngasd MmRNSS e (SykdohexenydtsripDP67]
Figure 36 is I 1o r.at f .a.S] S r lap solder joint. [0068]

Fi gure 37 iscogn-’ga{rle{lp% h%v%ér%r g'hoel}rtgs%%é%é:t ﬁ'ﬁgf eutectic Sn-Ag and vari ous
conposite sofas0] oi ntKighesy 49%stedad avonsdleeameer bt udetaills sfrgrainate
at O ds-1. [006 Fiqure 38 is,a graph show ng shear .strength o utectic
Sn- Ag and vzﬂ? Ié’on%ﬁé’iqlélgsoldd’eer it n egﬁeagorFsgt eﬁpgﬁlggc thﬁé@?ai n
rate at O Otenpedddufd. HgUIgrai%h bdundaigpBlilongnpethean swbeadilcent
eutectic Sn-Ag .and vari,ous conposite solder_joints, shear _tested_ at, 150C

with strain Faids Wil s-B0 (98793 keFur W i T T aphndREIP nglehbire

strength of Jef8RRIHIGISHAY BHlpredd s SPMMOSihtte SRt EeI11 61 phst SEB&lon

tested at rogmtenperature with strain rate at 0.001/s. _ _,
the grain boundary during grain boundary sliding, and 49C

sliding at grain boundary triple point showing location of
lattice deformation.  Note: The obstacle increases the
registance to sliding, thus plastic deformation.

[0081] Figure 50 is a graph >§thing creep at room
temperature for a Sn-Ag eutectic solder with and without

POSS.

DETAILED DESCRIPTION OF THE INVENTION

[0082] All patents, patent applications, government
publications, government regulations, and literature
references cited in this specification are hereby
incorporated herein by reference in their entirety. In case
of conflict, the present description, including definitions,
will control. Definitions for the following terms are
provided to promote a further understanding of the present
invention.

[0083] “Organo-functional inorganic oxide particles” are
particles preferably ranging from nanometer to sub-micron in
gize and afe preferably caged. The inorganic oxide can be
based upon a transition metal, lanthanide, or actinide metal
atom, or a metalloid selected from the group consisting of
boron, silicon, germanium, arsenic;_and tellurium. Organo-

functional inorganic oxide particléé include, but are not
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[0072] Figures 41A and 41B are graphs show ng schematic of shear
def ormati on behavi or 41A of eutectic Sn-Ag solder joints, and 41B PCSS

cont ai ni ng oWOR@sH1EssEol der joints. [0073] Figures 42A anflofdBd@hb2s0B
i mges of shear failed specinens: 42A eutectic Sn-Ag solder joint, 42B PCSS

contai ning conposite solder joint. [0074] Figure 43 is a graph show ng

t enper at ur e- 'gq rofile TNF. 07 Fi . 4D.arne, Lmages
of eutectic gh-l gCPsto dét }];Cgélsn‘t I\gfl?téesg’ 13%\]‘—3 ﬁ&%ﬁﬁg§u§‘?§15§6€)[ Qé‘ﬁ&%fgggl &s/cl es.
[0076] Fi gurédssdfbibdd UDIr 8 o HBlMnitmaypes 6f, 2B4wW696%¢BOBSyaGoetardi.ngasdl der
joint after i 0, 2 500,..and,1000 cygles. 07 Fi.gures 46A to
46D are SEM %‘:"\g%%'msg% §°vw519%/f)lrﬁﬂé%la cgﬁt aalcln'i ng 51 d@?kjgélc;%saflg%\fe TWEgé}t h O,
250, 500, anskild¥)Ocoxye) esithO8H 8braniit emoiatty t covdlent by SEdMihdngesthé
eutectic Sn-_-15 .2005/,016580 ,PCT/ US2004/ 025013 ,Ag based, sol der joints
Sfter 1000 TRREGyMRIER [ 8670 CPAGLABEAGLT < SEOMBRF LS o BPel: 5P ShEar
strength of mifeast i £s SindgpandeRObP ECletebaxErpir tihed| grogontansipgiagl der
joints after TN, 008@ Fi g(hlres 49A, to 49C arebschematic etails of grain
boundary sl i it} i s REPEREL QY FRFAECM IO HRAper AEGr 879382 gr ai n
boundary slighigpetneen tweiadiedcefut grad Nsn¥tkt h1Agmiekst actes, 49Byyyai ns
undergo lattice deformation due to presence of an_internetallic_particle on
the grain botid@atiatni nglieaya botvighe3teamdimg 2 lka@vigc CXFﬂQPﬁgyﬁYlgrai n
boundary trigphg Poizig ShRWdIHARA3T ig2Bupk. The organic moiety may
include, but are not 1limited by, hexyl, heptyl, octyl,
cyclohexal, wvinyl, allyl, hexenyl, heptenyl, octenyl, and
phenyl groups. )
[0084] The term “POSS” refers to polyhedral oligomeric
silsesquioxanes and derivatives thereof. POSS has the T-

caged branch point structure:

0O
K——LFT—O
© !
[0085] The general formula of POSS is [R S8i Ois5 ]ln .

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, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, and heteroaryl. One example ofl a POSS

with n = 6, and having a formula RgSigOs is the structure:
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| attice deformation. Note: The obstacle increases the resistrance to
sliding, thus plastic deformation. [0081] Figure 50 is a graph , show ng
creep at rooMO2005/pessat ure for a Sn-Ag eutectic solder wt '

POSS. DETAI LED DESCRI PTI ON.OF THE | NVENTI ON [ 0082] All patgﬁigguﬁgbgﬁﬁi
appl i cations, government publications, governnent regulations, and
literature references cited in this specification are hereby incorporated
herein by reference in their entirety. In case of conflict, the present
description, including definitions, w IR control. Definitions for the
following terns are provided to pronDtela further understanding of the
present invention. [0083] "Organ-functipQal inorganic oxide particles" are
particles preferably ranging from nano, ey to sub-mcron in size and are
preferably caged. The‘inorganic‘oxide/camcphs based upon a transition netal,
| ant hani de, or actini de netal aueﬁwshn"$ nesiaH©i d sel ected fromthe group
consisting of boron, silicon, gernah$Un§ ardenic,- and tellurium Organo-
functional inorganic oxide particled?i clhgef’but are not -16 WO

2005/ 016580 PCT/ US2004/ 025013 limt to, IPCSS, a POS1 and;
organofunctional silicates as descg; ) J: S. Pat ent Nos. 6,284,696 to
Koya, et al., and 6,465,387 to ﬂyﬁnavaia et ak. The particles have netal
oxi de cores, with an organic +#oiety covalently Bound to the core which is
resistant to deconposition. Each organic npiety is independently selected
fromthe group consisting of aliphatic, and aromati c hydrocarbon groups.

The organi C The term further includes, but is not limited to, triol
derivatives thereof. _
[0086] The term “POS” refers to polyhedral 61igomeric
silicates with the Q-cage structure’'and derivatives thereof,
having the formula [RMe,Si08iO;.5 la. One example of a POS !
where n=6 is the structure:
OSiMeaR
R_\rIegSiO\ //?51'.{\
l o s{’(} o
N 0/\'\ o Si!
R?..-‘Ic;m(')-—wm-\ 07 ! S 0SiMesR
: f

s
b /0
N

$i
RMes8i0 OSIM;R

e
where R is an organic moiety which is the same or different

at each occurrence and is independently selected from the
group consistihg of aliphatic, and aromatic hydrobarbon
groups. The organic moiety includes, but is 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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noi ety may
cycloalkeny
organi ¢ noi
cycl ohexal ,

I nclude, but is not limted to, alkyl, cycloalkyl, alkenyl,

| aIK&ngl cycl oal kynyl, aryl, and heteroaryl groups. The

BOOMY

%ncl ude, but are not linited by, hexylPCTA52084/0250181t |
vinyl, allyl, hexenyl, heptenyl, octenyl, and phenyl groups.

%

[ 0084] The tern1"PCSS" refers to polyhedral ollgonerlc si | sesqui oxanes and

derivati ves
K—SI-(7 0
IS an organ
I s i ndepend
aromati c hy
limted to,

[0887&of . PLSB-madting” Tiscdgbined anehaoing Bthekiing pagnt

[@Q@%hlﬂemgiﬁgﬁégget&%r68&@18& PGSS is [RS OL..s Jn, where R

i C noi et e sane or different at each occurrence,
e[mOBy]sel eBt émetad\mtlatte“ixgr mmpcroﬁsssa mgtefl alnqihveting, dndt

de
G5t 9 BUPS yoLhB SED ol Bkl ESCE Bk 050,

and

cycl oal kynyIA;Lumli;ahm a(ﬂ\d)hetmdmnyl (Ithe a)haftﬂb.amof('.fa)POSBmvm(Sh)n L.ead and

having a for
PCTIU82004/
further inc

(BBY 3 B S(pa¥, Shhil° st fRaAEP Ol i3 Bhepmore g -

h\ug}eSbebu;telle&tﬁdI fromt athd ogrbupolconsisting of tin (Sn),
silver (Ag), copper (Cu), bismuth (Bi), =zinc (2n), indium
(In), gold .(Au), nickel (Ni), antimony (S8b), palladium (Pd),
platinum (Pt), germanium (Ge), and mixtures thereof.

[0089] The term “lead-free”" refers to a composition
wherein the weight percentage of lead is 1less than 0.01
weight percent (0.01 wt. %}. ‘

[0090] A “composite solder” - is 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 is
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 reflow
properties. Electronic packaging, MEMS, and
automotive/aerospace/defense electronics are some of the

potential uses for the present invention. The related art
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derivatives thereof. [0086] The term"POS" refers to polyhedral oligoneric
silicates with the Q cage structure .and derivatives thereof, having the

fornul a [ RVBVABOSNESSE |,. One exanple of a POS where n=6p¢frubivgs/sishisct ur e:
CSiNkiR Mwe-SiOii/l - oill Uf, SIi R 4c2SiO >10 ~S "+0CSiMevli Si I,. 81
IitM SiO O OSi Me2, R where Ris an organic noiety which is the same or

different afefdCHr&XCWo1NRGS aRE irfotd NdapEAdeNntinbreRirtid Ask-ddroie t hanogr oup
consi sting of  aliphatic, and aromatic hydrocarbon groups. The organic
noi ety i ncl uBked RATELCIRDIreIRERRLNRES al kyl , cycloal kyl, al kenyl,

cycl oal kenyl (0@ ny! ,so Xyt 088 K\iing altHe ?&@_sgﬁi:er@ﬁﬁr}éhtigﬁe gxugPbe of a
POS is The termfurther includes, but is noft limted to, triol

deri vat i ves. acq@miG stoek/ bye 38y tHat Ussgoin2su1 $otpdodrgating. meEthrdg: is
defined as hgying, @ AELtiAg RRitHodd €85c10@d, 68Hrdemreens tCel fhitseq [ £888] A
"metal matrix" conprises a nmetal including, but not lTimted to, nagnesium
(M), Zi nc (wdng Gadralgdayiay) irom . umuwlee Fer, ndpraft¢ | ALghthhERMUNhEY ),
Tn(sn), Lepdh (G ot S dderstiy! M Hﬁ?ﬁe%gﬁgnﬁoRetEBﬁgh?ﬁ@ﬁﬁei,t
may be sel ected from=the group consisting of tin n);
but are not limited to, infrared reflow, convection reflow,
infrared convection combined, vapor phase soldering (VPS),
and flow soldering.
[0093] The simplest localized method of using the
composite solder is by means of a soldering iron by
providing composite solder and heating the solder with the '
iron to melt it. The solder Lg éhen applied to the
electronic component leads to make a connection. Another
method of using the composite solder is to use pulse heat
soldering. The composite solder is provided in advance and
pressure is applied from a heater chip. Convection reflow
is a method whereby 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
solder. Light beam soldering is accomplished by applying
light from a xenon lamp. ‘
[0094] .Generalized methods of soldering 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 is applied to melt the solder onto 1leads 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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silver (Ag) copper (Cu), bismuth (Bi), zinc (Zn), indium (In), gold.(Au),
nickel (N ), anti m)ng/ (Sb), palladium (Pd), platinum(Pt), germanium (Ge),
and mi xt ur eV HEFALE80 [ 0089] The term "l ead-free” refers tRCEHUSINPORILS on
wherein the wei ght percentage of lead is |l ess than 0.01 weight percent
(0..01 wt. 9% . [0090] A "conposite solder"” is a solder with intentionally
i ncor por at ed1usd nafpplciaimﬁlcm Thehigeisf eheanéEniiowtdt hey pfeseing | mokidn on

are organofun tJj onal gani c oxide particles pa tlcles are in the
finge Sor 0 Rlds T anke: S BIPEERERGE PREPRERST s Toodareanmt kst o
preferably |mqorlp@ratp@ﬂuwﬂmiﬁg ted t henth - sd reylon- diedesd | on:nedbubbe{émé&rrents

whi ch can bonc_jL W t.h sol rrgiirl X. Preferably, the particle size is
appr oxi mat eSPLEER PG Erﬁﬁﬁﬁrge RYfoneters. Recent devel opments in POSS

t echnol ogy Hawesgepenedhepsalney ﬁnagnbe ué6d HcdorfapdiCBdh ORsth Rrgr FAXRS
nano-technol ogy can produce suitable nmeans to frormte bondi ng bet ween such
rei nf or cemef¥®e8n Pk Hel Wet aP| LRCFBRFE x SOl derit t1tn, EHERe asyy |

nmeans by whicGhet, hma@nPFdLé!éQ{@&tEé’aﬁ,d Yhahel (e isplday) seias.t o Bghi eve
nanoneter to sub-mcron size reinforcements. Such a conposi te approach does

not alter #RExssloddreabnixed with gheefobdenymaysbenedthiers a aiemwater
properties. Ehgel Oy gjfapaﬁ}faa' Reht dYENMS1 A d ﬂ%@mzl.' ‘ég?&%raqsﬁ?&?lv%!

el ectronics are sone potential uses for th ent | nventi on. The
rel at ed art solebleD 0051096580 ROFiINSXEEEA0FHowKs b@tadoﬂ:h@er sodrdevatedo not

i ncl ude inoggani ¢/ OFYARLS NR9§- sLzedspartigle rr%ﬂrprqwntge either

polymerized or unpolymerized. The flux normally comprises a
base material such as a rosin, a -‘,small amount of an
activator, and optionally a thixotreopic agent in a solvent.
Examples of an activator for rosin include amine hydrohalide
salts, amine organic acid salts, and organic acids. Examples
of a thixotropic agent include hydrogenated castor oil.
Solvents usefui for non-water soluble fluxes include glycol
ethers, lower alcohols, and terpene.

[00961] It 4is important to <clean the solder after
soldering to remove solder flux, oils, waXxes, greases and
other organic residues formed during bonding and assembly of
electronic circuitry. Various cleaner formulations are
available depending upon the type .of £lux used, and may be
used to clean the composite solder composition following
soldering. Water soluble fluxes can be easily removed with

warm, soapy water. Rosin flux wmay 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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[ 0092] Sol dering using the present invention may be acconplished by parti al
heating or total heating nmethods. Partial heating nethods include, but are

not |inited"Q&050SPhg a soldering iron, pul se heater, | aBeFUSI04AIS0Heam

hot air, and jet flow soldering. Total heating nethods include, but are
not limted to, infrared reflow, convection refl ow, i nfrared convecti on
conbi ned, vagdor deecwilm| thesagcleRBing @etpbedkiconbddri ngurileng3feTail

si npl est | ocaq,{d Za‘?.% %%ﬁgl qfnc% ' %gaﬁ__gg b%?)ggggl,é 80l der is by neans of a

soldering iron by ~ providi ng composite s r-an eating the solder with
the iron tooosl7] it. Aflye cfoltder aforementappededolderizeg téebhhigques can
conponent | eads _to ke a_connect i on..ﬁAnot h%r. m_=£thod of usi.r%% th%oqc/é)rrposi te
solder is t eljs'ésﬁﬁl & h&L at?ol%??lﬁjg.r}ﬁ'hél Bﬁpos}ﬁ e “SOPSEM 55 ‘T‘)‘? Ted in
advance and sqldesedr aaiy:meLﬁﬁee(cjistvﬁmm hitiahere dli prorGoswtetiid Otwd efdady i S a
met hod wherehy th rovi ded, spl der, _paste is, heated. by, hat g flow from
a nozzle. Lader g’ﬁ?ﬁ@ri?‘@rt’r‘sCf%%c&?pl P§ﬁe03ﬁpedﬁﬁ‘%/i \rg’dtz;‘:"lnasgf‘ebe% CF el t
the provi deghatsakdar.. Limigukeasn sol destirrdss sa0cmeld shakehy Bppiithnc

light froma )i non | anp. toggfq CGeneral j zed met hods _of sol dering include
refl ow and SOLORE(AIDF 6t REURED RerF i GaM S0 el 13T SWertTdS 14 i fyi ng

the conposi tpqg%%dem Theusefhbewsma] hpdcischpsr onmedtiby PLonwirg e
conposite sol der paste upon a_circuit board prior to mounting of the
el ectroni c COMpOReRE. SPkdeTri Paldift i dd .t oCPRIECHING s dPFiBELE |EHRIYF t he

conponent . eatal S(s@P) 1 94 Uging bnférisdipangl Bl er@ria CARYEE | @ba)
heaters, or hot inert vapor atnospheres. Flow (wave) soldering is ‘perforned
by mounti ngswbstiatel dé&tr oppeered with molding compound 14. Circuits
may be assembled wusing wvarious electronic components
including, but not 1limited to; integrated «circuits,
transistors, resistors, capacitors, diodes, rectifiers,
microelectronic devices, and MEMS.
[0698] The synthesis of oligomeric silasesquioxanes is
generally carried out by hydrolytic condensation of
trifunctional RSiY; precursors, 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 silasesquioxane is the
compound RgSigOs. 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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conponent by adhesive or insertion into the board prior to -20 WD

2005/ 016580 _PCT/ US2004/ 025013 flux application. This is then followed by
forcing nol 200981558 onto the el ectronic conponent . The PGEEYSW04/92508nt i on
may be applied using either single-sided or doubl e-sided soldering process
flows. [0095] The sol der maybe used in conjunction with various types of
flux to increase solderability, such qf R (rosin) type, RMA
(mld-activated), and RA (activated) f ¥ he flux to be nixed with the
sol der may be either a non-water sol ie flg or a water-soluble flux. A
typical non-water soluble flux is&.Lp€ Kosig-b d flux, but other non-water
sol ubl e fluxes may be used. The rosi T b‘%ﬂg er polynerized or

unpol yneri zed. The flux nornmally conpr i 86¥ ¥ ~Bhasg material such as a rosin,
a smal | anount of an activator, and|.é&btionpl®y a thixotropic agent in a
solvent. Exanples of an activator ws+4 | ncl ude am ne hydrohalide -
salts, amne organic acid salts, d organié-acids. Exanples of a

t hi xotropi ¢ agent include hydrogenated castor oil. Solvents useful for

non-wat er so]l ubl e fluxes include glycol ., ethers, l.ower alcohols nd
t er pene. [oob’éi”ﬁt i s%%’f?’ﬁﬂfet gscl%gr’r’?h&ﬁ@él d’@?erﬁtgr lssoﬂﬁéé}glﬁﬁxﬂn
renove sol defcHdniiX, COinnEn . Wakes$9, grasses18ad podhem. ongaix€, r egtiduesnd or med

during bondi ng and assenbly Sf electronic circuitry. Various cleaner
formul ati on2®0% 82varPdP@2dependi ng upon the type of flux used, and may be

used to cleafpilgpg COMRASidiRe SELHULEWEAIPERANHPEs | Okh@W d¥npoeiitder sHhae Mt er
bo oreved e bropared By oding oSS to 'a “solder” matrin. | Twe < M
different POSS with different active. organic groups have
been incorporated in eutectic 96.5 Meiéht percent tin (Sn)7
3.5 weight percent silver (Ag). Figure 32 illustrates the
experimental set-up 10 for solder joint fabrication. Single
shear-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 assembly of copper strips 13, with top glass
plate 11 and bottom glass 14, were placed. The aluminum
fixture 16 was placed on a hot plate. Once the temperature,
measured .via thermocouple wires 15, of the region to be
joined reached about 30-50°C above the melting point of the
solder, the aluminum fixture 16 was be removed from the hot
plate and placed on an aluminum block to cool. One of the
joint surfaces was metallurgically polished to observe the
microstructural features after various treatments and tested
with a Scanning Electron Microscope (SEM). POSS size and

distribution was being examined from the side surface and
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chl ori nated hydrocarbon solvents such as 1,.1,1,- trichlorethane,

trichl oroethylene, trichlorononofl uoronethane, nethylene chloride,

trichl or ot rwPI20e¥036e88hane (CFCl13), tetrachl orodifl uoroet haga/usebédafedsedy and

ot her solvents. U S. Patent 6,569,252 to Sachdev, et al., and U S. Patent

5,234,506 to Wnston, et -21 WO 2005/016580 PCT/ 052004/ 025013 al. descri be

t hese cl eanifmgmcohpesi firansuire f antrfecedetaf| thad mechdmieahly ndorgmdat ed

by reference, EggQ?] Any of the aforenentioned sol dering techniques can be
|

used to cre&fe Féuitry using the conposite solder. Soldered |ayers are

shown in fidoae1l7 coMeebthihgalwotéenilag 14f whiigleardhedesldd ayadder

di spersed wi,thin the solder matrix 12., Fiqure 33 il lustrat .sol der.ed

ey ors 10 wipnoEs' BEAROMITH AEHOSHIRISE SOLOe ol M o et MR at o
11. Figured3stiribustdat pose ni€imbdidemaiiiEecihndn t@spvetih wheh cONpeshie

sol der balls 12, c¢onnecting a rinte% circuit board (PCB) 13 with a chip 11
in Ball Qi &eﬂFFE}V?Béi}emm&GﬁP&tlé’a 5, ANHFH wi LRedMYH A g PUERBEEN P14,
Circuits nmapeBe asstE| @4s USbNG ARHHIGYS EAECHO9YI ¢etaFpReRiehtsi R N,

but not limted to,,, integrated circuits transi stors, resistors,
capaci t or s, eBPBES. thecshersr strepgthoel SbepsnOicEdditys 15y REBIetERID O8]

The synthes\§a0f sRbLYATBE! fediibadCEqH| QXAES dil G Aty cartd @Rl by
hydrol ytic condensation of trifunctional RS Y3 precursors, where Ris a
hydr ocar bonber adnezeaged Ybtcs dnaigir ofjeabfeldeblupigiiBh asorpilépnge, to

oo e EELRAE L s BLSoher B, heclédly Miler impace
conditions. The fracture surfaces of these shear tested
specimens were used to identify the siz_e‘and distribution of
the POSS particulates. The polisped‘side surface of the
solder joints were examined with éEM for identifying the
deformation features and their implications.

[0102] The reinforcements were strongly bonded to the
metallic matrix. 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 POSS molecules.

They enhance the strength to some extent.

EXAMPLE 1
[0103] Solder Jjoints 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 1Inc., Product number NC63. (Multicore
solder is now a part of Henkel). Cyclohexal POSS-triol has
the chemical formula (CgHii)7 Si; Os (OH)3 ar’;d the structure:
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usual |y produces m xtures of conpletely and inconpletely condensed
ol igoneric silasesqui oxanes. One inportant, conpletely condensed,
ol i goneric WOzseHEswxane is the conpound R6SI 609. Conpop@f}gsﬁiw{)ﬁ?ﬁ
structure in which Ris cyclohexal can be reacted in the presence of basic
catalysts wth RS (Ow)3 to give functionalized, inconpletely condensed
si | asesqui oxanes of the stwyucture: -22 WD 2005/ 016580 PCTI US2004/ 025013 K-~
.dill C_i~x Ol <1 ...~ (‘gi___(')ﬁl p.. [0099] An exanple is R7SIi 7(0OH) 3
where R is cyclohexal (Chegl Co 1 1999, 2153-2154, Polym WMater. Sci.
Eng. 2000, 82, 301- 302)~.~§ OQQ)OJ_ Qﬂ‘le foll ow ng exanpl es, the conposite
sol ders were prepared_by dgil ng) Yo a B9 sikal POISL ol Tvvo di fferent
POSS with different ac?l'fve_-; >6rg noc. gre yps have been incorporated in
eutectic 96.5 . wei ght perft tin E%n)? 3.5 weight percent silver (Ag).
Figure 32 |Ilustrates the ntal set-up 10 for sol der joint
fabrication. Single sthear-l ap soI dé&y joi nt speci mens were prepared by
joining half-dog-bone shaped copper strips 13. The solder joints, nade
from sol der paste 12 between the copper strips 13, were .about 100 m t hi ck

and with ab¥BETe fh XERTRAPRBEJERE] Grrton MOARISE joints were nmade with
an al um num bmsw e 1§heuegmd\é/@ ?Blhhg geseMerycelreaPRAY ¥Hd Rurhcel th
top gl ass pI ate 11 _and bottom glass , were placed. The alum num fixture

16 was pl ac¥8renazafyzes AL NIORGIHOG ARItHM dNicrRIGREd viThe top
thermocoupl g3 W,r 8% 1o £ @thle 'RErMR 0P%01der joints with cyclohexal

POSS~-triol at five and ten micron scale are shown in Figures
1 and 2, respectively. Particles are mnoted. A side
fracture surface of solder joints with éyclohexal POSS~triol
at five microns is shown in Figufe 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
(Sn)~ 3.5 weight percent silver (Ag) supplied by Multicore
Solder Inc., Product number NC63. (MulticoreAsolder is now
a part of Henkel). Phenyl POSS-triol has the chemical
formula (Ce¢Hs), Si; Oy (OH); and the structure:
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j oi ned reached about 30-50C above the nelting point of the solder, the

al um num fixture 16 was be renoved fromthe hot plate and placed on an

al um num bl swk2dsomsgd . One of the joint surfaces was nmetgdtysfheadsh
polished to observe the mcrostructural features after various treatnents
and tested wth a Scanning Electron M croscope (SEM. PGSS size and

di stribution was being exam ned fromthe side surface and -23 WO

2005/ 016580 PCT/U82004/0250 fromthe fracture surfaces of the

mechani cal ly tested sanple 0101] Mechani cal testing of single shear-I|ap
sol der joints made wi th nanoc sol ders exhibited fine well-

di stributed PGSS reinforcemeno andfggfted wth a very sensitive

t her nonechani cal anal yzelh “ﬁme_@ﬁpai

ose o ts was to identify
t he POSS rei nforcenents ngh £ he shggwﬂgﬁig% ﬁ Shear ductility
is a paraneter that sho re ﬁd‘ﬁmr di mensi onal stabllity. It should
be increased to nake the sol §igr joilat conpliant to accompdate the inposed
strains, especially under ipPact nditions. The fracture surfaces of these
shear tested speci nens Wﬁ e used topfpdentify the size and distribution of
the PCSS particul ates. The polished side surface of the solder joins were
exam ned with SEM for identifying the deformation features and their
i nplications. [0102] The reinforcenments were strongly bonded to the
met al | i ¢ mawhexe Fheyegiredsantsagbé opleemyle modsty . distributed one hundred

A R et R R R g T S
were analyzed using scanning electron microscopy. Figure 9
shows a top view of a fracture surface of a solder joint
with phenyl POSS-triol at the ten mlcron gcale. A side view
of a fracture surface of a solder 301nt with phenyl POSS-
triol at five micron scale is shoﬁn in Figure 10, while
Figure 11 shows a side fracture surface of a solder joint
with phenyl P0OSS-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 i3 and Figure 14 show
both SE and BE images of polished surface of a solder joint
with phenyl POSS-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
[0107] 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 solder, product number R520A. 0.2765
grams of POSS-Cyclohexyltriol was added to 5.1674 grams of
solder, thereby creating 5.07 welght percent particles mixed

in eutectic Sn-3.5Ag. (see Table 1) The approximate
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They enhance the strength to sonme extent. EXAMPLE 1 [0103] Sol der joints
wer e constr“§3§ﬂ55ﬁ$$uising a cyclohexal POSS-triol incorporated in
eutectic 96.5 weig percent tin (Sn)- 3.5 wei ght per centPGI/US2004/025013
supplied by Milticore Solder Inc., Product number NC63. (Multicore solder
Is now a part of Henkel). Cycl ohexal POSS-triol has the chem cal formula
(C6HL1), Si VoI)Qn Cibeﬂcerm ehechst rpattuircrlatez4 mid@ed0@Bl euse8Tic Sn-

PCTI US2004/ H Cy ~Si-O-Si 'C-ii ol df y

(yrl ohexal EFr o? %’%%1@(&%%%:’ " \Cy where Cy represents the

cycl ohexal twi@sl. [0104] The sol der joints were fractured and the surfaces
wer e anal yzed J Th I ew Q

fracture surfa’lclj%igéfgi | et : j s ; 1 d ve ,and
ten mcron scal e ar e ghawid I’SrF-l:Q.LB’P@S (Kles%a& 2prbaa@ecgs\zehy Particles are
noted. A side fracturé surface of solder joints wth cyclohexal POSS-triol
at five mcrons is shown in Figure 3, while two mcron magnifications of

t he surfacewéqéhgﬂuggarﬂhIadyﬁagfkémy$1d%&gure 5. Shear bands are'noted in

Figure 3. A polished surface qfo13RdydeikesRieR)S W th cycbgggxal PCSS-triol at
the one mgie scale are shown in Figure G Figures 7 and 8

Phenyltriol 5.0639 gram 0.2745 gram
POSS '
rcyclohexyl triol 5.1674 gram 0.2765 gram

wt% of particulates mixed in eutectic Sn-3.5Ag
1. POSS-Phenyltriol (Tr-POSS): 5.14 %
2. POSS-Cyclohexyltriol (Cy-POSS): 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 magnificatien. The bar
represents two micrometers. 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 ijllustrates a BE image of a polished surface of
cyclohexal POSS-triol/Sn-Ag solder joints. The Dbar
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 shear
strength of eutectic Sn-Ag and the cyclohexal POSS-triol

composite. -
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show both scanning el ectron (SE) and back scattered electron (BE) inmages of
the sane ar of oI | shed surface of solder joints wth cycl ohexal
POSS-triol . 5037’ Hﬁ?“{ icles of Ag3Sn are noted. Figure 20PCT/US2004/625¢8 t he
sinpl e shear strength of eutectic Sn-Ag and the cycl ohexal POSS-tri ol
conposite. EXAMPLE 2 [0105] Sol der joints were constructed conprising a
phenyl POSS-triol incorporated in' el B¥MHIE 46.5 wei ght percent tin (Sn)-

3.5 wei ght t silv b l\/UIthore ol der. I nc uct
nunber NG53 TOIL | cofe ENa gLy SO R ARe e s 1 o
has the chemsdalg Kestmia éﬁBdﬁSt)i?c Sigh-09 3(61%\9;3 anlldehe. produdir exuntie MO
2005/ 016580 P /USZ 0 5013 Ph_SlL- r Ph, ~S | bO fl .- P

POSS4r i ol F‘ St8 % ggsﬁ?%? 85 ER%'PﬁPergght 17\%]3 AR #%ep@m%%w%%?e
phenyl noi e@tan{sC)lBﬁ] gbtdeel, dethpﬁebys dtfé&tiﬂi@CtSJI:Bd amhg}kte spa"zfcaa:rﬂﬁ

wer e anal yzed usi | ectron, m craosco ure 9 Vi ew

of a fractuP&L: §&Figﬁzg‘g?‘g§ng‘&ed‘é¢?‘%ﬁﬁﬁ ”W%'I‘Fpﬁ%eny‘ ?%Sgapfl?o&\j\gt tH1¥ t en

m cron scal gpphokiifigtdi eybl@he a gara@nt’ eogurdlas e pafrtd cella@ies | midéd Wit
phenyl POSS- trlol at five.mcron scale is shown in Figure 10, while Figure

11 shows a §M¥ECEigcurad- 3Bef 48281 Valuwe RBLFtt  with phenyl POSS-tri ol
at the two rfpghqy Sca#fgufégﬂge;ifustrates a fracture surface of phenyl

POSS—trioi/Sn-Ag solder joints at low magnification. The
bar represents ten micrometers. Figure 27 illustrates a
fracture surface of phenyl POSS-triol/Sn-Ag solder joints at
high magnification. The bar represents 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 micrometers. 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 Sn-Ag and the phenyl POSS-triol

composite.
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shows a polished surface of a solder joint with phenyl PCSS- triol at twenty
m cron scale. Figure 13 and Figure 14 show both SE and BE i nages of

pol i shed sowoaess/onéssa sol der joint wth phenyl POSS-triobcrfdseiiopiiiicles
of Ag3Sn are noted. Figure 20 illustrates the sinple shear strength of
eutectic Sn-Ag and the phenyl POSS-triol conposite. EXAMPLE 3 [0107] The
experlnents rg repeated using eutectic Sn-Ag from another sol der
supplier. r; product nunber R520A). Conposite sol ders were prepared
usi ng Kesterablwtzecti c Sn- 3.5Ag sol der, product nunmber R520A. 0.2765 grans
of POSS—Q/cIoh Ltriol was added to g, ra f der, ;| y
creating 5.07 &%%bht per cent partcheZkﬁgxégg |ﬁ§éﬁ128%%% Snfagggégg(see
Table 1). The appr oxi matPERsPESHIWED 05/ 0318580 PCTI US2(3H4/ 025013141 une
percent of the particul é’t’“&”ﬁdsigdt*?n eut®¥ic Sn- 338Ag is 20 YHriine

percent. [0108] 3 Tabl e %@?ﬁgl e sol dg *Frechani caf 1oy fabri cajgdwith
eutectic Sn-3. SAg (Kestghm+s y R5204) .., Vi ght u§§¢ in conpggide sol der.
Sol der (Kester) POSS POSS Phenyltrlol 5.0639 gram 0. 2745 gram PGCSS

cycl ohexyl tbie@ds-gowdhB 7 deng@-adit Q1245 gr amvz. ¥t % of paslicul at es pdoxad in
eutectic Sn-3.5Ag 1. PCSS-Phenyltriol, (Tr-POSS): 5.14 % 2.

PCSS- Cycl ohexydebaykaal ( Cy- POSS): 5.07 %

301 PM1275.0-=15wt% 86.13 2.39 81.02

302 PM1275.5-20wt% 71.08 2.76 71.08

303 PM1275.5-10wt%

304 PM1275.5-20wt% 79.94 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 P0OS8S molecules.

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

' Example 6 Cyclohexenyl-triol (3wt%)
Example 7 Ethyl-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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volt of particulates mxed in eutectic Sn-3.5Ag. Approximately 20 volt of

particul ates for each conposite solders [0109] Figure 21 illustrates a
fracture suMMQR858¥6580%yc| ohexal POSS-triol / Sn-Ag sol der j OPGR/ESID4/025013
magni fication. The bar represents ten mcroneters. Figure 22 illustrates a

fracture surface of cl ohexal POSS- triol/Sn-Ag solder joints at high
magni fi cati o I igdy Miqrgadgaittaineno nicroneters. Figure 23 illustrates an

SE image of[b Rl i shed syt %]f’l o{hgy(ﬂoggex&gn@{fﬁﬁﬁél Q: Ate SOLUSE,

jOI nts. The represents € m croneters. gure lustrates a BE
i mage of a amnersed shev¥ ac¥esy éyaeohexae P©§S- tRﬁIBZIJICQrﬁSAg @bﬁee;bqlmms

The bar repy [V f l;L st r at w
surface of cyc ohexXf B&gbgﬁgg}e tﬁ:& %yg%s%%égllrl#s oF E?ﬁ% magnl I cation.
The bar reppegdicdesne (Fesr Fiouges EBgute 35_H|1D¢lgw)r at es the sinple shear
strength of eutectic Sn-Ag and the cycl ohexal POSS-triol conposite. -27 WO
2005/ 016580 PCT/ US2004/ 025013 EXAMPLE 4 [0110] A PGCSS-Phenyltriol conposite
sol der was piTepasdtglesiSitpatediagr teateati B. Bn- (32%6g wsidthlezt raampdudte nunber
R520A. 0. 27?%0 r?)rrrls of POSS-Phenyltriol was added to 5.0639 grans of

sol der, the 3) edting 5.14 wei ght percent particles nmixed in eutectic
Sn- 3. 5Ag. (see Table 1). The approxi mate vol ume percent of the particul ates

mxed in eutectic Sn-3.5Ag is 20 vol une percent [0111] Figure 26
11 ust r at es [93R64ct ur 81881 £asSBeaF phapy|solder  joints were” fabricated

using standard methods previously described and as shown in

Figure 36.

[0117] Table 3 shows the shear st;enéth of various POSS
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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POSS-triol/Sn-Ag solder joints at
ure 27 illustrates a

m croneters. Fi

POSS-tri ol /‘EH-ZA%/%?ﬂaer joints at

two mcroneters.
surface of phenyl
m cromet ers.

| ow magni fication.
fracture surface of phenyl
hi gh magni fication. Th@T4S2pMREIENt S

The

bar

represents ten

[0112] Figure 28 illustrates an' SE i mage of a polished

POSS-triol/Sn-Ag sol der joints.
'Wre 29 illustrates a BE

The

bar

represents five
i mge of a polished surface of

phenyl POSS-triol/Sn-Ag solder jegehs. 3The bar, represents five mcroneters.
Figure 30 illustrates a poli ed surface of phenyl POSS-triol/Sn-Ag sol der
joints at high negnification. | Th&YB&F PEPP@SEnt § THRAT tFemet|. Figure 31
illustrates the slinple shear | strengtipzdd eutectic Sn-f@aand the phenyl
POSS-triol conpgsite. -28 WO 2005/016580 PCT/ U$2004/ 025013 [0113] Table 2
Bl end Tenperat ur ¢ Beiler BOC( pHp PABPefeibecti |[E* 1G&m4 enperature 1 PM
A+501455(1wt % 104.35 3.21 10¢4.35 2 PWA+801455(2wm %9 102.55 3.(¢7 102.95 3
PMVA+SOL1455( 5wt %9{ 101.21 3.21} 100.4 MM +MVB0805(1 wt %9 102.49 2.78 104. 31
5 FPM &+MBOBO5( 5wEagBled s 2. 57 102. BlwEhnt r ol - powder PMVA- Cont f{ol - powder
102.1 2.61 100.2124 copol ynmer 301.P . 0- 15w 9% 86. 13 2. 39 81.02 302
P111275. o 20at 6 A1, 08 2. Jo v 08 TAEEISKEEIE'S ok o6 58 5
triol
Example 6 3 wt%
Cyclohexenyl- 60 2
triol
Example 8 2 wt % Phenyl-
triol Ny 60 3
Example 9 3 wt % Phenyl- _
triol 61 4
Example 7 3 wt % Ethyl-
triol 60 2
Example 10 2wt % 64 3
Cyclohexyl-diol
Example 11 3wt % 62 4
Cyclohexyl-diol

[0119]

IIT.

[0120]

Figure 37 shows the results in graph form.

Shear test at 85°C with strain rate at 0.01s™?

Table 4 shows shear strength of various POSS

containing solder joints with a constant strain rate of

0.01s™?

at 85°C.
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304 PML275.5-20wmt % 79.94 2.5 82.34 EXAMPLE 5 (0114] The foll owm ng exanpl es
show t he shear strength of eutectic Sn-Ag Sol der Joints contai ning

di fferent Wp2005/81658Nnd. chenmi cal noieties of POSS nol ecul BGT/US20041p8se13 Of
POSS particles to produce conposite solder. Exanple 5 Cyal ohexenyl-tri ol
(2wt %9 Exanpl e 6 Cycl ohexenyl-triol (3w% Exanple 7 Ethyl-triol (3wm%
Exanple 8 Pierpdy- Triol (2wt % Exanple 9 Phenyl -triol (3w% Exanples |0
and 11 Cycl ohexyl-diol (2wt % and_ 3wt % where R is cycl ohexyl of

the' formula. PH -29 WO 2005/01 ®p&T1 US2004/ 025013° 1. Initia

M crostructurfe [OIIS] CGenefaltyped i POSS @eelal NI Slge£PPOBeAEIS0] der
joints show viery fine size pf particles distributed wuniformy in fsolder
matrix, irresjpective of typpes of POSS particles.|(See ﬁﬁ@&?es 35A ta 35H
below). |.T. [SPABLE AT | PRol PEES MehtdetidBr- M LN strpgn rate | at 0.01
s-1 [0116] Sijngl e-Shear | ap|solder joints were fapricated using sftandard
met hods previlously described and as s#®wn in Figure 36. [0117] Taple 3

Constant strq TR o O B TR T e e ~(Note: AT HOSS |
contai ning sqgl der joints used eutectixich- 35 2
Example 8 3-wt % Phenyl-triol . 34 4
Example 7 3.wt % Ethyl-triol 36 4
Example 10 2 wt % Cyclohexyl-
' diol 32 3
[0122] Figure 38 shows the results in graph form.

IV. Shear test at 150°C with strain rate at 0.01s™
[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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Ag sol der paste to produce single-shear |lap solder joints.) -30 WO
2005/016580“E$%®y 2004/ 025013 (0118] Table 3 Types of POSS Shear Strength

used (MPa) 1°%0 N0 PoSS, (eutectic 42 4 Sn-Ag) ExanpPEl/ES204(p2513

Cycl ohexenyl - 58 5 triol Exanple 6 3 wt % Cycl ohexenyl- 60 2 triol Exanple
8 2 wt % Phenyl triol 60 3 Exanple 9 3 w, % Phenyl triol 61 4 Exanple 7 3
w %Ethyl triol 60 2 Exanple 10 2 wt % 64 3 Cycl ohexyl-diol Exanple 11 3

W %62 4 (Q@pakahexyl-diol [0119] Figure 37 shows the results in graph
form 11l1. Shear test at 85C with strain rate at O Olsl [0120] Table 4
shows shear strength of various POSS Catei i ng solder joints with a

constant strairfrare of 0. UIST}pak 8§PP0SS used | Shear Strength
(MPa)
Prior Art No POSS (eutectic 22
Sn-Ag)
Example 6 3 wt¥ 28 4
| Cyclohexenyl-triol
Example 9 '3 wt % Phenyl-
triol 251
Example 8 ~3 wt % Ethyl-triol 26 2
Example 11 3 wt % Cyclohexyl-
diol 25 2
[0125] Figure 39 shows the results in graph form.

V. Shear test at RT (22°C) with strain rate at 0.001s™

[0126] Table 6 shows shear strength of various POSS

containing solder joints with a constant strain rate 0.001s”

' at room temperature.

[0127]

Table 6

Types of POSS used Shear Strength
(MPa)

Prior Art No POSS (eutectic Sn-

Ag) 42
Example 6 3 wt% Cyclohexenyl-

triol 51 2
Example 8 2 wt % Phenyl-triol 50 3
Example 7 3 wt % Ethyl-triol 52 1
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-31 WO 2005/ 016580 PCTI US2004/ 025013 [0121] Table 4 Types of POSS used
Shear Strength (MPa) Prior Art No POSS (eutectic Sn- 28 Ag) Exanple 5 2

wt % Cycl ohexemgdospnidsed 35 2 Exanple 8 3 wt % Phenyl -tri ol Péﬂnﬁo@%}]ﬁl e 73
W %Ethyl-triol 36 4 Exanple 10 2 wt % Cycl ohexyl diol 32 & 10 Fi gur e

38 shows the results in graph form V. Shear test at 150C with strain rate
at 0.01s-'" [0123] Table 5 shows shear strength of various POSS contai ning
solder joints with a constant strain rate of O ds-1 at 150C. -32 WO

2005/ 016580 RCm38]S20047iGAHKM 310 [ theblreshiltgpés giapbiSEoumed Shear .
Strength (MPa) Prior Art No POSS (eutectic 22 Sn-Ag) Exanple 6 3 wt % 28 4

Cycl ohexenyl -triol Exanple 9 3 wt % Phenyl
[0129] Irrespective 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 made 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 Sn:Ag and POSS Containing
Solder Joints upon Exposure to Thermo-mechanical Fatigue
(TMF) .

[0132] Solder joints are to be used in various thermal
environments. As a part of this evaluation, solder joints
were exposed to realistic thermal 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 standard 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 configuration
was as shown in Figure 36. The geometry of solder joint was

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

I. Surface Damage Accumulation
[0133] As 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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triol 25 1 Exanple 8 3 wt % Ethyl-triol 26 2 Exanple 11 3 wt % Cycl ohexyl

diol 25 2 | lgure 39 shows the results in graph form V. Shear test
at RT (220 ‘g\n&?@sm%sg#n rate at 0.001s-1 [0126] Table 6 sROR&SgGvemaLs013

strength of various POSS containing solder joints with a constant strain
rate 0.001s- 1 at roomtenperature. (0127] Table 6 Types of POSS used Shear
Strength (MBdB41Pri OICOKIPLOS&IG'GP(&SS egutiedmite SiPi@ingng FBQSH| past Beleso

byt gt Suchi iR %%53“5 %E%E%%%OZ%%%%O%%t%fo%EFBF. nfE o %0
shows the revgles ps gaaphef geen [o1F9gures etPRcEP SR cardied 65 ped 4610 t he
amounts of P[‘B‘i%slused £EQPS Qo{ﬁ%ﬁm{;ﬁgl%%e M @cﬂsso'e%%%d tqicnt

exhi bited an |rrprove shear reng over t'he unirernforced eutec |EgSn-Ag
sol der joi nts>lderdi f jeinht teepkibitse and bighiy rho«aaliﬂeL@O] Fualacs e

VTR0 00, G Lot B SRS AL IO EHAEHAC CHEAY 50 1 0

| ocal i zed the solder area as can be noted in Figure 47A. Surface
damage observed in eutectic Sn-Ag solder joints (Figures 47B
and 47C) is due to coefficient of thermal expansion (CTE)
mismatches between Cu substrate and solder. Because Sn
(tin) is highly anisotropic material (Body—ceﬁtered
tetragonal), anisotropy of tin also plays significant role
to produce surface damage in eutectic Sn-Ag solder joints.
[0136] However, surface damage ig_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 47A and 47B.

II. Residual Strength
(01371 ~ Initially, POSS increases the strength of the
solder joint (see Table 7 and Figure 48) \

[0138] Table 7 shows residual sheaf strength of POSS

(Cyclohexenyl-triol) containing solder joints after TMF.

(tested at RT with a constant strain rate of 0.01s™)
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deformation as illustrated in Figures 41A and 41B and shown in Figures 42A
and 42B. [0131] Conparison of Eutectic Sn-Ag and POSS Containing Sol der

Joi nt s uponWBQ29086880t 0 Ther no- nechani cal Fatigue (TM). HdEEDbosmRksier
joints are to be used in various thermal environnents. As a part of this
eval uation, solder joints were exposed to realistic thermal cycling
condition as shown in Figure 43. Surface damages at different exposure tine
were nonitored using SEM Upon exposure to 1000 thermal cycles, joints were
tested in stlQ4d81d shear condition to evaluate the residual strength. For

TMF testing, eutectic Sn-Ag sol der &gnteaaini ng two different wei ght
fractions -Cycl ohexenyl -POSS triol were used The joint configuratjon

was as shown in Figure 36Shese mﬁl}/ of sSR&RT j oi n{ SREST a dog- bohe
shaped singl egsBeaiypap |Solgepuriclic | iR nDIFRIE sAcemaihabiron | 0133]
As can be seen I'n F| gur s Z?4A to 44D 5| gni ficant rogress' of surfac

damages wete obyeleed in eSredd dMSP,)Ag sél Wb P@FHt W3t WttnEPE8&si ng
nunber - of TMF cycles. -34 WD 2005/ 016580 PCTI (904/ 02b Q?q% [0134] Cofrposi te
sol der joints containing POSS particles| exhibitéed nmuch [ess surface gdamage
even after 1000 TVF  cygles as €@n be s¢en in $Bgures AﬁlSA to ﬂSD and M6A to
46D. [013 After—a—mreoH-rm—1080—FM——te €3 \..I €S—¢ teetet-Sn r\g sot-der oints
exhibits a h| ghl2$q ocal ifzed surface deflormation near the intéfnetall]|c

conmpound (IMC) Tsgyer 1nj{ the sadder ared as cadsbe noted i n Fagure 47A

1Y%

Surface damage-observed in eutectic SniAg-selder—jobnt-s—{(Fgures—44B
1000 26 46 J43
[0140] The observed improved shear strength and service

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 size of nano-reinforcement remain
unchanged during the service life-time of solder joints.

They can be seen from Figures 4934, 49B and 49C.

III. Significant Finding after TMF

[0141] POSS increases the stréngth of the solder joint.
" TMF results in minimal uniform surface damage in POSS

containing solder joints, while significant localized damage

near solder/substrate interface occurs in joints made with

solder containing no POSS under similar conditions.

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

strength is minimal in joints made with POSS containing

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

properties of joints made with sglders that have no POSS

reinforcement (40 to 50%).
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and 47C) is due to. coefficient of thermal expansion (CTE) m smatches

bet ween Cu substrate and sol der. Because Sn (tin) is highly anisotropic

mat eri al ( BY@208¥416880ed tetragonal ), anisotropy of tin alBaI/§N2004£025013
significant role to produce surface damage in eutectic Sn-Ag sol der joints.
[0136] However, surface danage in conposite solder joints containing POSS
particles weltl4B8lch | ezxssitdharl cetpangtht aftdamayy acfugjoliatisormade ewiekti c
Sn- Ag sol der_jojnts and.the ef ormati on re,much mpre nogenequs .

Chr oughout - TS G it s S{eF S a e ATy R, CRRG,FBORS APEAA WiEh ||
Resi dual St reslgidrd @h3t] Haiid irad IBPOSSP@BInifberemsasst he strength of the
solder joint_ (see Table 7 and Figure 48) [0138]. Table 7 shows residual shear
strength of %e]- (Wcﬁ"&ﬁ@?é’nﬂ‘étﬁ%%n%%ﬂ%ﬁ'hi%%agbf% FOPHt SOUPPRFEaMF.
(tested at Fomiddy.a constant strain rate of O ds"1) -35 W 2005/016580 -

PCTI US2004/ 025013 [0139] Table 7 Shear strength Shear Shear_  # of TM of
eutectic striid® of sBOSfytreigILoxgRmead ssrary havmagcharst op Hosnisee obPass

(MPa) (MPa) (G Quciifhe® 1 2A5Qc3aeds ph e300 29 45 48 1000 26 46 43 [0140]

The observed 1 nproved shear strength and service performance are believed to
be rel ated t148d pi nnilhgyofaraeuniformly distributed through out the

solder joint without any noticeable - micron size

agglomeration.
[0147] POSS reinforcements present in the joint tend to
exist at Sn grain boundaries. Such a feature is extremely

important to prevent grain boundary sliding, a process that
contributes to thermomechanical fatigue (TMF) damage of
solder joints.

[0148] Presence of POSS stabilizes the microstructure:
Even after about 2000 hours at 150°C resulting from 1000 TMF
cycles no significant microstructural changes can be noted.

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. P

[0150] Addition of POSS decreases the wetting angle
between eutectic Sn-Ag solder and copper substrates.

[0151] Addition of 2 to 3 weight percent POSS increases
the shear strength of eutectic Sn-Ag solder by about 50%
without significantly affecting its ductility in room
temperature studies.

[0152] Addition of more than 3 weight percent POSS

decreases the wettability of solder on copper substrate.
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grain boundary sliding by the use of nano-particles. It is inportant to

poi nt out Q&@éw%ﬂﬁaﬁgno-particles used nust be inert such that the size of
nano-rei nf o mai n  unchanged during the service | PCEAS2004/0250130| der

joints. They can be seen from Figures 49A, 49B and 49C. 1I1. Significant
Finding after TMF [0141] PGSS increases the strength of the sol der joint.
TVF resul t sI®¥BH ni ndidditiasy ME W3 f vetolfanbeecent RESS tonedlarkEC s8nder

joints, whide skgubicantobogsbhiad damoeanaaer Spt derioliel raberkaher face

occurs in joints made with der contai ning no POSS under simlar
condi t i ons.r¢icemant afté[FlCI@@‘@mBF the | addihtonr ofF |Rp$%smg§¢asesrengt h

comared {00 R TT B Tase o paaty dbdibadt Ehe BeTar IO Gl &t ha

have no POSBudisanfonceosposise teob9s . suggem 2bes/ O1%H580 20 volume

PCT/ US2004/ 9 [Q014 sty eng r TME.of o] d th
PCSS cont ai %ﬁ%égbldg%sﬁg?ggﬁhgﬂ@%igﬁgf thgﬁg&%gse %%%e &#%hagggrgeggﬁnhat
have no FKIébIdBnathmeyembnsﬂdébﬁtﬁoﬁsnnary of findings with | ead- free POSS

he comer oA o deOpie Ee: PRI oy A oF c APt GAey RALI Bt S hr ough
y e rough
out the salsterextoraiiey tholl doydedt ite;eaﬁlea soTden. si Avenagfitarer 00ON.
l[ogaflfg!ar :DSSSS rei nfor ﬁnt Zb?év?%%?ﬁ élﬁrgféhg gt ée tilodwe)illSttlaﬁEessnaLgral n
the temperature extremes, POSS reinforcements do not
dislodge from the solder matrix. Such features indicate
very strong bond between POSS and solder.

'[0155] Although sSacC (Sn—4Ag—Oﬁ5Cu5 solder Jjoint 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] TMF 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 exhibit 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/substrate IMC interface under such conditions is
vital for the enhanced TMF performance.

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

[0159] Strong bonding of the POSS reinforcements to the
solder, its nano size, size stabili?y without any coarsening

or coalescence, and its existence at the grain boundaries
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I nportant to prevent grain boundary sliding, a process that contributes to
t hernonmechani cal fatigue (TMF) damage of solder joints. [0148] Presence of
PCSS st abi | iW@2005/¢6580 cr ost ruct ure:  Even after about 2000pOvmssooah2sbi0C
resulting from 1000 TMF cycles no significant m crostructural changes can
be noted. No grain growth can be noted in solders reinforced wwth PGCSS.
[0149] POSS pal theh eavane (X BEMeh% HAH ecupdeib s CeBdidHONEnhIAGY dO
not exhibit any coarsenlqg like 1ntermetallic (1M reinforcenments

i ntroduced IBenfpmianeeof RO medaforesds soldesojoabsti aa spmpassd to

decreases t tl ¢l n eutectic Sn-Ag sol der and copper
hﬁ@i%l]d it sggge\g%e

substrates. 2 to 3 weight percent POSS increases the
shear strengidi6f] eut dgans Srtddg $ntdepobytaboBOSS0%inkiot haarldgmyni ffeant |y

affecting it i I L sk t r di 2 |t of
nore than 3 akﬁéh%tgtﬁé)%s‘eﬁ# l&%%ghgdg’gggagégﬁgﬁéﬁ t§§a%f+?%§ %?ﬁ\g%% d%ér?é:%h
copper substlitaea] - 3ThHaD POSS/ (ddE80 neCT| S20adt 0 Fxoh8 thel58]edickditabn of

3 wei ght percent POSS taq eut hc Sn- .Ag sol der corresponds to about 15
vol une per cec%{ararc&erﬁlfrtégﬁer??atbﬁcFé’&gfaﬂg the addition of POSS increases
the wetting gl2d and TEidechy sleswsashe ehecseldel abohduytivitydics the
conposite sol der suggest. that_ 15 to 20 volune _ percent reinforcenents is

optimal for SHESELSy S KNHHAWS | (3 yWebnSyekebameht riohk sopeging

rei nforcenenicindise nano size particles that

[0163]
TABLE 8
Materials s Elgctrical
N Conductivity (pQ.cm)™
Eutectic Sn-Ag solder joint ~0.12 (nQ.cm) ™

POSS containing composite solder [{~0.11(puQ.cm)™

joint

Bulk Sn-Ag ~0.13 (pQ.cm) ™

Pure bulk Sn . ~0.09 (pQ.cm) ™

[0164] The presence of the POSS had little effect on the

electrical conductivity of the solder.

[0165] Figure 50 is 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 is clear that the POSS improves the creep resistance with
this solder which is at 0.8 of its melting point at room
temperature.

[0166] 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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are extrenmely well bonded to the solder. Even after 1000 thermal cycles
bet ween -15C and 150C with dwell tinmes at the tenperature extrenes, POSS
rei nf or cememo20wm16830 di sl odge fromthe sol der matrix. Sgeh/dsSalsebess
indicate very strong bond between POSS and sol der. [0155] Al t hough SAC
(Sn-4Ag-0.,5Cu) solder joint is stronger than eutectic Sn-Ag sol der joint
in the as-jgeRgfn CORilyUr ak-beBgni ke det£Id Y RSl Miebdisteit idiah t hawg
eutectic solder under TMF conditjons. [0156] TM, _perfornmance of POSS
reinforced BHPEELTENER. AHLtBENJeFhf oi $EORS fAIeXEReri or TheRafaref She

(Sn- 4Ag- 0. SEibsedt| GhveRitd®in | 95N ivAERE SHlly ShiC tHE €0a%inE! AittadHetp /]
Even after 1000 cycles of TM-, PGCSS reinforced solder joint does not

exhi bit si ghfFeéBant surface damage. M nimal danmage noticed under such
conditions is distributed nore uniformy on the solder joint surface. Lack
of extensive |ocalized damage in the solder near the solder/substrate | MC
i nterface under such conditions is vital for the enhanced TMF performance.
[0158] Unlike the reinforcenents present in in-situ conposite solders that
are weakly bonded to the solder, POSS reinforcenents are very strongly
bonded to the solder. [0159] Strong bondi ng of the POSS reinforcenents to
the solder, its nano size, size stability w thout any coarsening or )
coal escence, and its existence at the grain boundaries -38 WO 2005/016580
PCTI1 US2004/ 025013 are believed to be the main contributors to the enhanced
performance of PGCSS reinforced solder joints, as conpared to other
conposi te sol ders.
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[0160] Means to incorporate POSS into solder, for applications utilizing
wave sol dering, prefornms can be used. [0161] The POSS does not detract from
t he el ectri Q40 2005l0a658¢t eri stics of the solder. [0162] Tab

el ectrical conductivity of the eutectic Sn-Ag and PGCSS 3§C§@%9&%ﬁmhmf
cycl ohenyl -triol) containing joints. [0163] TABLE 8 Nhterlals El ectri cal
Conducti vi t we( p@ag™.-' Eutectic Sn-Ag solder joint -0.12(pQ cn) POSS
cont ai ni ng conposite solder -0.11(f2. cm joint Bulk Sn-Ag -0.13 (S2. cm
Pure bulk Sn -0.09(pS2.cnm- 1 1 [0164] The presence of the PCSS had little
effect on the electrical conductivity aof; the solder. (0165] Figure 50 is a
graph showi ng creep at room tenperature of solder with 3 w percent FOSS
(open cl eaved) conpalegompogitec toupsainjosotamprisimys (dashed di anond).

It is clear that the P S_i pprove cr resistance with this solder
which is at 0.8 of |tsg§e t?%&ggo%ﬁ%Q r%§§1 tenperature. [0166] Wiile the
present invention is dbscﬁnbegaheceonldaﬁpamtxﬂlgsnthh(nl¢hemi¢aﬂhw

nmbodi 1 1 ho 1 that th t $t . ited
oo Thobguhds dPHaRgrinaaianed: SRovh ohet iryr ReE i f dad B o e

-39 wherein the particles are dispersed in the metal matrix.

-2-
The composition of Claim 1 wherein the metal melts

at a temperature of less than about 600°C.

"3“ i\

The composition of Claim 1 wherein the metal is an

alloy of metals.

-4-

The composition of Claim 1, wherein the metal is
selected from the group consisting of Magnesium (Mg), Zinc
(Zn), Cadmium (Cd), Aluminum (Al), Indium (In), Thallium
(Tl), Tin (Sn), Lead (Pb), Bismuth (Bi),.and mixtures
thereof.

-5-
The composition of Claim 1, wherein the particles
are selected from the group congisting of a POSS, a POS, and

mixtures thereof.
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WD 20051016580 PCT/ US2004/ 025013 herein will recogni ze additional
thodifications and enbodinents within the scope thereof. Therefore, the
present i nvet 20051016880 i M ted only by the Cains attached i - WO
2005/ 016580 PCTI US2004/ 025013 WE CLAIM -1- A conposite c%@p@%@?‘?"gg‘g)“
conprising: (a) a netal matrix; and (b) inorganic oxide particles with a
chem cally bound organofunctional group on a surface of the particle
wherein the particles are dispersed in the nmetal matrix. -2 The conposition
of Caim1l wherein the metal nelts at “#tenperature of |ess than about

600C. -3- The conposi §h8Nc8hpEhat ibh YREF Ll fin 8Bt | Shépa@ 1 Qe Ll
netals. -4- The conposition of Caiml, wherein the netal is selected from

the group cémsi at PR§SoEriagnesthntheyformutre R/Sin®s (BRaniamed t&e), Al umi num
(A), Indiu%hghg%urgpalliun1 (Ti), Tin (Sn), Lead (Pb), Bisnuth (Bi), and
m Xt ures ereof. -5- The conposition of Caiml1, wherein the particles
are selected fromthe group consisting ofqﬁ PCSS, a POS, and m xtures
t her eof . .y
o ! ol
M e

and R is the organofunctional group.

_7_
The composition of Claim 6, wherein the particles

are cyclohexal POSS-triol.

-8-
The composition of Claim 6 wherein the particles are phenyl
POSS-triol.

_9_

A process of preparing a composite composition
comprising providing inorganic oxide particles with a
chemically bound organofunctional group on a surface of the
particles into a molten metal, to produce a metal matrix

with the particles dispersed in the metal matrix.
~10-

The process of Claim- 9, wherein the metal melts at

a temperature of less than about 600°C.

=42 -



-41 WD 2005/ 016580 PCTI US2004/ 025013

the particles are a POSS=triol with the fornula R7SI 709(0OH) 3 and the

-6 The conposition of Caimb5 wherein

structure: WOr@BsbhiAsh K'' Cc-S. Mt[ Nt~i- ~ai+. N f d~pz = is
t he organofunctional group. -7 The conposition of Caim g,d{(/\[ﬁg?oéfiagﬂtlﬁe
particles are cyclohexal POSS-triol. -8- The conposition of Claim6 wherein

the particles are phenyl POSS-triol. -941-A process of preparing a conposite
conposition conprising providing inorgani c oxide particles with a

chemi cal 'y bound or gafif UPERFRFRI OFr

a nol ten nejdloytOF RROGRICE, @ Metal matrix
matri’x. -10- The process of Caim9, wherein the netal nelts at

tenperature of |ess than about 60-0C -42 WO 2005/016580 PCT/ US2004/ 025013

t he net al

~-12-

The process of Claim 9, wherein the metal is
selected from the group consisting of Magnesium (Mg), Zinc
(Zn), Cadmium (Cd), Aluminum (Al), Indium (In), Thallium
(T1), Tin (Sn), Lead (Pb), Bismuth (Bi), and mixtures

thereof.

-13-~
The process of Claim 9, wherein the particles are
selected from the group consisting of a P0OSS, a POS, and

mixtures thereof.

-14-

The process of Claim 9, wherein the particles are

a POSS-triol with the formula R;Si;05 (OH)3; and the structure:

and R is the organofunctional group.
-15-

The process of Claim 9, wherein the particles are

cyclohexal POSS-triol.

=43 .
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-11 The process of daim9, wherein the netal is an alloy of netals. -12-
The process g%wﬁl Im9, wherein the netal is selected fromthe group
consisting o 8)52 B (My), Zinc (Zn), Cadmum (Cd), Al REGTUSR0¢AI25013

I ndi um (1 n), Thalllun1 (Ti), Tin (Sn); Lead (Pb), Bisnuth (Bi), and m xtures
t hereof. -13- The process of Cdaim9, wherein the particles are selected
fromthe group consisting of a PCSS, a PG~ and mixtures thereof. -14- The

process of CiraknpocwBer 8£NclAemPal t WELESi R tthe NN (Hré/\ﬂﬁﬂériﬂe fornmul a
R7Si 709(O) 3_and the structure: kN~ I1 8 --S i C1C_8r 51-- |- R OV
K and Ris tR&58r§ah8tunctional group. -15- The process of Claim 9, wher ei n
the particles are cyclohexal POSS-triol. -43 WO 2005/016580

PCT/ US2004/ 025013 -16 17

A composite composition comprising:
(a) a metal solder; and
(b) inorganic oxide particles with a chemically
bound organofunctional group on a surface of the particles

dispersed in the solder.

-18-
The composition of Claim 17 wherein the solder

melts at less than about 250°C.

k]
N

-19-
The composition of Claim 17 wherein the solder is

an alloy of metals.

-20-
The composition of Claim 17 wherein the solder is
a paste which is melted to form the solder as a matrix with

the particles dispersed in the matrix.

-21-
The composition of Claim 17 wherein the solder is
a solid preform of the solder with the solder as a matrix

and the particles dispersed in the matrix.
-22-

The composition of Claim 17 wherein the solder is

lead-free.

-44-



The process of Cdaim9, wherein the particles are phenyl POSS-triol. -17- A
conposite conposition conprising: (a) a netal solder; and (b) inorganic

oxi de parti W@20s0164586 chemi cally bound organof uncti onal PECDUR004108083ur f ace
of the particles dispersed in the solder. -18- The conposition of claim 17
wherein the solder nelts at |ess than about 250C. -19- The conposition of
Claim 17 wherein the solder is an alloysgf. netals. -20- The conposition of
Claim17 wherein the solder is a paste which is nelted to formthe_sol der
as a matrix with the B tqemesidiiogecfeflpim hé waerekn the paxEicles

conposi t i on flAiAkf BhenLida tAg S ehdekohdera solid preformof the sol der

with the solder as a matrix and the particles dispersed in the matrix. -22-"
The conposition of Caim17 wherein the solder is lead-free. -44 WO
2005/ 016580 PCT/ US2004/ 025013 -23 The cggposition of Caim 17 wherein the

particles forma chem cal bond with the sol der.
The composition of Claim 17 wherein the particle

is a POSS-triol with the formula R;Si;Os(OH)3: and the

structure:

o i o) §
s a0 f
““‘ﬁr——*c——?hqtuﬂ
A

and R is the organofunctional group.

-25-
The composition of Claim 17 wherein the particles

are cyclohexal POSS-triol.

-26-
The composition of Claim 17 wherein the particles

are phenyl POSS-triol.

-27-

The composition of Claim 17 wherein the metal is
selected from the group consisting of tin (Sn), silver (Ag),
copper (Cu), bismuth (Bi), zinc (Zn), indium (In), gold
(Au) , nickel (Ni), antimony (Sb), palladium (Pd), platinum

(Pt), germanium (Ge), and mixtures thereof.
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-24- The conposition of Claim17 wherein the particle is a POSS-triol with
the formula R7Si 79(0OH) 3 and the structure : Krj){0 Glike Kand Ris the
or ganof unct ivooa00sgues8p. -25- The conposition of C aim 17 woemwsboesHide13
particles are cyclohexal POSS-triol. -26- The conposition of Claim17
wherein the particles are phenyl POSS-triol. -27- The conposition of Caim
17 wherein the netal is selected fromthe group consisting of tin (Sn),
silver (Ag), copper (Cu), bisnmuth (Bi), _ gpc (Zn), indium(in), gold (Au),
nickel (Ni), antinony (Sb), palladium (Pd)j, platinum (Pt), germanium (Ge),
and m xtures thereof. THE ¥ENBOO5LDIH5ED EEIMISZDGAEFESG] X he 2&tHIe
conposition of  CLaim?27 wherein the netal matrix is Sn--Ag. -29- The
conposi tion BALEE) AP 2 nﬁﬁg?ein the metal matrix is a eutectic 96.5 wt % Sn
- 3.5 w %Ag. -30- A process of preparation of a solder paste

-29-
The composition of Claim 27 wherein the

metal matrix is a eutectic 96.5 wt% Sn - 3.5 wt % Ag.

}
-30-

A process of preparation of a solder paste
composition comprising:

(a) introducing inorganic ox?de particles with a
chemically bound organofunctional group on a surface of the
particles into a particulate metal solder; and

(b) mechanically mixing the particle and metal

solder to provide the paste.

-31-
The process of Claim 30 wherein the solder melts

gt less than about 250°C.

-32-~
The process of Claim 30 wherein the solder is an

alloy of metals. l

-33-
The process of Claim 30 wherein the solder is

lead-free.
-34-

The process of Claim 30 wherein the particles form

a chemical bond with the solder.

-46-~



conposition conprising: (a) introducing inorganic oxide particles with a
chem cal |l y bound organofunctional group on a surface of the particles into
a particul at wombsdi16s80l der; and (b) nmechanically mxing th iLcl d
nmetal solder to provide the paste. -31- The process of d g)i%h(\?/%@?@ﬁ'n t he
solder nmelts qt |less than about 250C. -32- The process of .Cl aim 30 wherein
the solder is an alloy of netals. -33- - The process of Caim 30 wherein
the solder is |lead-free. -34- The process of Caim30 wherein the particles
form a chenmical bond with the sol ders3546 WD 20051016580 PCTI US2004/ 025013

-35 Th f d ad i Det i P -t ith th
e process o air-]}géflgr&@éég'&f (‘fff‘aﬂﬁ‘erﬁd QJ}Fe%Sle?L?FCEI'% I étdgce@Na‘Q‘. e

formula R Si 70g(0OH) 3 a e structure: oLl it co
n a POSS-triol with the formula R;S8i.0¢{(OH)3; and the structure:
R _ ..
~ il
/'Sif
¢ Ol
. ft) ¢ /
TRt O Gin ;5’
!a"‘iﬁéﬂ_‘_ __l_____sl
n " é /lﬁun
S i
S 08
ﬁt/ A
R 1

and R is the organo functional group.

-36- |

The process of Claim 30 wherein the particles are

-cyclohexal POSS-triol.

-37-
The process of Claim 30 wherein the particles are

phenyl POSS-triol.

_38_

The process of Claim 30 wherein the metal is
selected from the group consisting of tin (Sn), silver (Ag),
copper (Cu), bismuth (Bi), zinc (Zn), indium (In), gold
(Au), nickel (Ni), antimony (Sb), palladium (Pd), platinum
(Pt), germanium (Ge), and mixtures thereof.

\
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and Ris the organo functional group. -36 The process of C aim 30 wherein
the particles are cyclohexal POSS-triol. -37- The process of Caim 30
wher ei n t havPapas5/d688 are phenyl POSS-triol. -38- The pr epeeas26fioedo3s m 30
wherein the nmetal is selected fromthe group consisting of tin (Sn), silver
(Ag), copper (Cu), bismuth (Bi), zinc (Zn), indium(in), gold (Au), nickel
(Ni), antinony (Sb), palladium (Pd), platinum (Pt), germanium (Ge), and

m xtures thereof. -47 WO 20051016580 PCHgLJS20041025013 -39 The process of
Claim 30 wherein the netal matrix is Sn--Ag. -40- The process of C aim 30
wherein the netal natThs procezgteltGlaigs 3 wikrsin thes mptal mgtrixd1- A
met hod of s¢oldering conprising the steps of: (a) providing a conposite
conposition conprising a netal solder with inorganic oxide particles with a
chem cal |l y bound organofunctional group on a surface of the particles

di spersed in the solder; and (b) appl yi_r)igb_sai d solder to join two or nore
conponents using a soldering neans which nelts the solder to join the two
or nore conponents. The process of Claim 30 wherein the

metal matrix is a eutectic 96.5 wt% Sn - 3.5 wt % Ag.

-41-
A method of soldering comprising the steps‘of:

(a) providing a composite composition comprising a
metal solder with-inorganic oxide particles with a
chemically bound organofunctional g:pup‘on a surface of the
particles dispersed in the solder; ahd

(b) applying said soldgr to join two or more
components using a soldering means which melts the solder to

join the two or more components.

-42-
The method of Claim 41 wherein the solder melts at
less than about 250°C.

-43-
The method of Claim 41 wherein the solder is an

alloy of metals.
-44-

The method of Claim 41 wherein the solder is lead-

free.

-48-



-42- The method of Caim41 wherein the solder nelts at |ess than about
250C. -43- The nmethod of Claim41 wherein the solder is an alloy of netals.
-44- The et mwaa2008/01ds¢9 m 41 wherein the solder is lead- free, -48 WO

2005/ 016580 PCTI US2004/ 025013 -45 The method of O ai m 41 wFeVUFH04/ps013
particles form a chem cal bond with the solder. -46- The nethod of C aim4l
wherein the particles are a POSS-triol with the formula R7Si 7G9(0OH) 3 and
the structure: I n cc Gl Nif C4t }a~Q Oand Ris the organo
functional group. -47- The method of C-4°m 41 wherein the particles are
cycl ohexal POSS-triol Thet@nethiy B Radiaf 4¢) aherdinWeREepArthe1Rar Ebehes are

phenyl POSS-triol. -49-
a chemical bond with the solder.

-46-
The method of Claim 41 wherein the particles are a

POSS-triol with the formula R;Si;0; (OH)3; and the structure:

and R is the organo functional group.

-47-
The method of Claim 41 wherein the particles are

cyclohexal POSS-triol.

-48-
The method of Claim 41 wherein the particles are

phenyl POSS-triol.

~49-~
The method of Claim 41 wherein the metal is
selected from the group congisting of tin (Sn), silver (Ag),
copper (Cu), bismuth (Bi), zinc- (Zn), indium (In), gold
(Au) , nickel (Ni), antimony (Sb), palladium (Pd), platinum

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

-49-



The nethod of C aim4l wherein the netal iis selected fromthe group
consisting of tin (Sn), silver (Ag), copper (Cu), bismuth (Bi), zinc (Zn),
i ndi um (1 n) waymlosfo166¢u) , ni ckel (Ni ), antinony (Sb), pall

plati num (Pt), germanium (Ge), and m xtures thereof. 49%%%@?%%@80
PCT/ US2004/ 025013 -50 The nethod of C aim 41 wherein the netal matrix is
Sn--Ag. -51- The nethod of Claim4l wherein the netal matrix is a eutectic
96.5 W% Sn - 3.5 w %Ag. -52- An electgpnic apparatus conprising: (a) one
or nore el ectronic conponents;, and (b) a conposite conposition, conprising
a nmetal solder and i nBhgamethodi dé @haim cdesvhwindim Wemeatx]l ymadouind is

or ganof uncti HQL ﬁroup on a surface of the particles dispersed in the

sol der, wherer'n % & conposition has been bonded to the electronic
conponents by heating. -53- The apparatus of C aim 52 wherein the sol der
melts at |ess than about 250C. -54r- Th pparatus of Caim52 wherein the
solder is an alloy of netals. -55- The d@pparatus of C aim52 wherein the
solder is |ead-free. The method of Claim 41 wherein the

[>)

metal matrix is a eutectic 96.5 wt% Sn - 3.5 wt % Ag.

-52-
An electronic apparatus comprising:
(a) one or more electronic components;- and
(b) a composite composition,comprising a metal
solder and inorganic oxide particleg wi£h a chemically bound
organofunctional group on a surface of the particles
dispersed in the solder, wherein the composition has been

bonded to the electronic components by heating.

4

-53-~
The apparatus of Claim 52 wherein the solder melts
at less than about 250°C.
-54- )
The apparatus of Claim 52 wherein the solder is an

alloy of wmetals.
-55-

The apparatus of Claim 52 wherein the solder is

lead-free.

-50-



-50 WD 2005/ 016580 PCTI US2004/ 025013 -56 The apparatus of C aim 52 wherein
the particles forma chemcal bond with the solder. -57- The apparatus of

Cl ai m 52 wh&¥Q250HS8harticles are a POSS-triol with the PEFEH}084/025013

R7SI 7Q(0OH) 3 and the structure: Sif an R ...,/ b c-sue Kall It and Ris
the organo functional group. -58- The apparatus of claim52 wherein the
particles are cyclohexal POSS-triol. -59- The apparatus of claimb52 wherein

the particles are phenyl POSS-triol. -6056¥he apparatus of C aim52 wherein
the metal is selected fromthe group_consisting of tin n), silver (Ag),
Copper (Qu) . bi st h AHO SERNEEEPE. Fhattnre Heretd) Ghe haFtitfeas
(N), antinomprSk) chealiledi bWEndPéichpeaki Bgddebl WO 2005/ 016580

PCT/ US2004/ 025013 (Pt), germanium (CGe), and m xtures thereof. -61- The
apparatus of Claim52 wherein the netal matrix

-57-~
The apparatus of Claim 52 wherein the particles
are a POSS-triol with the formula R;S8i,04(0OH); and the

structure:

and R is the organo functional group.

-58-
The apparatus of Claim 52 wherein the particles

are cyclohexal POSS-triol.

-59-
The apparatus of Claim 52 wherein the particles

are phenyl POSS-triol.

/

-60-

The apparatus of Claim 52 wherein the metal is
selected from the group consisting of tin (Sn), silver (Ag),
copper (Cu), bismuth (Bi), zinc (Zn{, indium (In), gold
(Au), nickel (Ni), antimony (Sb), palladium (Pd), platinum

-51-



IS Sn--Ag. -62- The apparatus of Claim52 wherein the netal

matrix i s a

eutectic 96.5 wt% Sn - 3.5 wt % Ag. -63- A process of preparation of a

sol der pref\¥PRPOSEUMIBsi ti on conprising: (a) introducing i RETJHAPME/03 e
particles with a chemcally bound organofuncti onal group on a surface of
the particl articles sol der: hani cal ly m xing the
particle and?ﬁﬁi alg E‘B?Ia’el?mtgé?g‘r d&’s’ftéJ e:ﬁﬂ: )r‘r’rrﬁl ting the paste to
formthe preformwherein the particles are dispersed into the netal matrix.
| ess t han about

-64- The process of Caith 63 wherein the solder nelts at
250C. -65- The process of C aim 63 wherei®fthe solder is an

metals. -66- The procepse ofpddAhimbd, fa%{' 5tzh%:h$é¥é1‘%{ the
WO 2005/ 016580 PCT/ US2004/ 013 -67 e process of Caim

al |

g

oy, of
Bk%§1x 52

erein the

particles fokehSEoh@nical bond with the sol der. -68- The process of Claim

63 wherein the particles are
-62-~
1 The apparatus of Claim 52 wherein the
metal matrix is a eutectic 96.5 wt% Sn - 3.5 wt

-63-

[+)

% Ag.

A process of preparation of a solder preform

composition comprising:

(a) introducing inorganic oxide particles with a

chemically bound organofunctional group on a surface of the

particles to particles of a metal solder;

(b) mechanically mixing the particle and metal

solder to form a paste; and

(c) melting the paste to form the preform wherein

the particles are dispersed into the metal matrix.

-64- '

at less than about 250°C.

-65-

The process of Claim 63 wherein the solder melts

’ The process of Claim 63 wherein the solder is an

alloy of metals.

-66-

The process of Claim 63 wherein the solder is

lead-free. : -

-52-



a POSS-triol wth the fornula R Si709(OH)3 and the structure. R, [ 2:i.
and R is the _grgano functional group. -69- The process of Claim 63 wherein
the particl e¥03f%/01¢8%| ohexal POSS-triol. -70- The pr ocessPOT/USPUHIROE
wherein the particles are phenyl POSS-triol. -71- The process of Claim63
wherein the netal is selected fromthe gggup consisting of tin (Sn), silver
(Ag), copper (Cu), bismuth (Bi), zinc (Zn), indium(in), gold (Au), nickel
(Ni), antinmony (Sb), pghﬁa@¢9@ﬁéﬁdpf §ﬂa@mn§ﬁ1wb€¥?lng ﬁananhi?t%§ form

m xtures there 0 1 CT/ U82004/ 025013 The process of
Cl ai m 63 wher e:&%}eﬁé%}rebgﬁdvn\gtlr%?xiﬁhg gé%gi?g - The process of Cl aim 63
wherein the netal matrix is a eutectic 96.5 mﬂ@bSn - 35w %Ag. -74- A
process of preparation of a shaped sol der gconprising: (a) introducing

i norgani c oxide particles with a chem caFPy bound or ganof uncti onal group on
a surface of the The process of Claim 63 wherein the particles are

a POSS-triol with the formula R,Si;05(0H)3 and the structure:

R’\s‘ ot
3]
0/ é ou
““"‘-sx——:'—c in...ﬂ
aﬁ“ﬂ*ﬂ '''''' lau
!’ !jp
R A — '
/ I

and R is the organo functional group.

69—
The process of Claim 63 wherein the particles are
cyclohexal POSS-triol. '

-70-
The process of Claim 63 wherein the particles are

phenyl POSS-triol.

-71-

The process of Claim 63 wherein the metal is
selected from the group consisting of tin (Sn), silver (ag),
copper (Cu), bismuth (Bi), zinc (Zn), indium (In), gold
(Au) , nickel (Ni), antimony (Sb), palladium (Pd), platinum

(Pt), germanium (Ge), and mixtures thereof.
-72~

-53-



particles into a netal solder and a,flux; (b) nechanically m xing the
particles and netal solder; (c) nelting the netal solder wherein the
particl es aveOadvospess8ed i nto the netal sol der and casting pCoS2408913 ed
shape; (d) cooling. the shape; and (e) cleaning the flux fromthe shape to
provi de the shaped solder. -75- The process of Caim 74 wherein the sol der
melts at |ess than abdie Process7ef ?ﬁélﬁr6%e§%e%¢1Q]5?%1WQtﬂheméFﬁl¥he
solder is anjglghoyagf. nmetals. -54 WO 20051016580 PCT/ US2004/ 025013 -77 The
process of Claim74 wherein the solder is |ead-free. . -78- The' process of
Claim74 wherein the particles form a chem cal bond with the solder. -79-
The process of Caim74 wherein the particles are a POSS-triol wth the

formula R7Si -7(0OH) 3 and the structure: géT' K~1 4} Si- c-iL Ki VR

The process of Claim 63 wherein the

0,

metal matrix is a eutectic 96.5 wt% Sn - 3.5 wt % Ag.

-74-

A process of preparation of a shaped solder>'
comprising:

(a) introducing inorganic oxide particles with a
chemically bound_organofunctional group on a surface of the
particles into a metal solder and a‘flu%;

(b) mechanically mixing the particles and metai

solder;

(c) melting the metal solder wherein the
particles are dispersed into the metal solder and casting
into a desired shape;

(d) cooling. the shape; and

(e) cleaning the flux from the shape to provide

the shaped solder.

-75-~
The process of Claim 74 wherein the solder melts

at less than about 250°C.
-76-

The process of Claim 74 wherein the solder is an

alloy of metals.

-54-



and Ris the organo functional group. -80- The process of Caim 74 wherein
the particles are cyclohexal POSS-triol. -81- The process of Claim74

wher ei n t heWP2005UPH8 are phenyl POSS-triol. -55 WO 2005/FR§T6U53004/025013

PCT/ US2004/ 025013 -82 The process of Caim74 wherein the nmetal is
selected fromthe group consisting of tin (Sn), silver (Ag), copper (Cu),
bi smuth (Bi), zinc (Zn), indium(In), gold (Au), nickel (N), antinony
(Sb), palladium (Pd), platinum (Pt), geftiznium (Ge), and m xtures thereof.

-83- The process of dajm %é?ﬁggérg{’%éiﬁ%m‘@!wwﬂ £ 'esCS%a%g& - 84- The

process of C aim 74. wber éi rix is aeutecti Hsn - 3.5
W % Ag. -5bead-free.

-78-~
The process of Claim 74 wherein the particles form

a chemical bond with the solder.

-79-
The process of Claim 74 wherein the particles are

a POSS-triol with the formula R;Si;0¢(0H)3 and the structure:

and R is the organo functional group.

~-80-
The process of Claim 74 wherein the particles are
cyclohexal POSS-triol.

.-81-

The process of Claim 74 wherein the particles are
phenyl POSS-triol.

-55~



WO 2005/016580 PCT/US2004/025013

-82-~
The process of Claim 74 wherein the metal is
selected from the group consisting of tin (Sn), silver (Ag),
copper (Cu), bismuth (Bi), zinc (Zn), indium (In), gold
(Au) , nickel (Ni), antimony (Sb), palladium (Pd), platinum

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

-83-
The process of Claim 74 wherein the metal matrix

~ is Sn--Ag.
-84-

The process of Claim 74 wherein the

metal matrix is a eutectic 96.5 wt$ Sn - 3.5 wt % Ag.

-56-





