LEAD SOLDER- FREE ELECTRONI CS CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 001]
The present application clains the benefit of priority under 35 U S.C. 119
from U SvoRoomisgisanal Patent Application Serial No. 61P0®MS2008/054851t ] ed

" SOLDERFREE ELECTRONICS," filed on Septenber 15, 2008, which is hereby
incorporated by reference inits entirety for all purposes. STATEMENT
REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [ 002] The invention
was nmade with Governnent support, and the Governnent has certain rights in

the invention under ConthEétIEQQLDMEEMER@MIGSd by AFRL,
Wight-Patterson Air Force Base, OH 45433. BACKGROUND [ 003] Until recently,
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BACKGROUND

[003] Until recently, most electronic circuits were manufactured using lead-based
soldering material. However, in response to regulatory changes, lead (Pb) is being
phased out of electronic manufacturing. For example, under the Restriction of
Hazardous Substances (RoHS) directive, the European Union outlawed the use of Pb for
most electronics produced after June 2006. Military and medical products may remain
exempt for some time, but will eventually be subject to similar restrictions. Electronics
made using lead-based soldering material is reliable and a large investment has gone
into the manufacturing infrastructure that uses lead-based material for soldering
electronic components. The worldwide phasing out lead-based soldering material has
raised serious concerns regarding reliability of alternative methods and also raised
issues of additional capital investment required to phase out certain manufacturing

infrastructure.

[004] Lead-free solder replacements in practice today use eutectic alloys such as tin-
copper (SnCu), tin-silver (SnAg), and tin-copper-silver (SnAgCu), all generally referred
to as Sn-Ag-Cu (SAC) material. The use of SAC soldering materials suffer from several
drawbacks. For example, while lead-based soldering material has a eutectic at 183 °C,
SAC soldering materials have higher melting points with processing temperatures

around 260-300 °C. To withstand such high temperatures experienced during the



dr awbacks. For exanple, while | ead-based soldering material has a eutectic
at 183 0C, SAC soldering materials have higher nelting points with
processi ngotermpsoayur es around 260- 300 0C. To w t hst and Pemais20m09b4535

t enper at ures experienced during thesol dering process, other materials in an
el ectroni c product, such as a printed ci“rcuit board (PCB) or a conponent
packaging material is required to be nore robust and are therefore
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joint failure. The reliability issue is nost critical for m/litary and
space appl i dafi BrROTiARdRIe. ity ot Bless et iemppialresyhigher Gan AnEsan npor t ance.

[006] In one,@apRagh: _yr&eg%rﬁﬁé'ratﬁr%(ﬁp% S, hich B3R Ghoveh 8&1-RbAgL roni cs i's
needed. SUMVARY [ 00 I'n one exenplary aspect, a conposition may conprise

nmet al nanopd?retfptfnfé@e haV| ng a dianmeter of 20 nanoneters or |ess but greater
than zero. The netal nanoparticles may conprise a copper or alum num
nanocores. The conposition nmay have a fusion tenperature of |ess than about
220 C. [008][094 émdhﬁmoreexeéiﬁbilib/rqf elesipenits, predusistipodfaoiirel abing SACI ng a

nanomat eri al sold%rn(ljé 1§1§ eﬂ esqfferpage %1@(9*91‘0 1&&%&%?0\&9]’1 Fe@@lﬁh%gl %1313 9111&/ ent and

addi ng a precurso orm a so Ion e precursor a netal,
whi ch may belnabmullabinmcunt feibpp dihe réllabilityeibduo ds most critical for mlhtary and space

applications where long life and reliability is of utmost importance.

[006] In one aspect, a better technique for lead solder-free electronics is needed.

SUMMARY

[007] In one exemplary aspect, a composition may comprise metal nanoparticles
having a diameter of 20 nanometers or less but greater than zero. The metal
nanoparticles may comprise a copper or aluminum nanocores. The composition may

have a fusion temperature of less than about 220 °C.

[008] In another exemplary aspect, a method of fabricating a nanomaterial is disclosed.
The method may comprise preparing a solvent and adding a precursor to form a solution.
The precursor may comprise a metal, which may be aluminum or copper. The method
may further comprise adding a first surfactant to the solution, mixing in a reducing
agent, at a mixing rate, with the solution until symptoms of nanoparticle formation

occur in the solution, and adding a second surfactant to the solution to stop nanoparticle

formation and agglomeration after the symptoms of nanoparticle formation occur.



may further conprise adding a first surfactant to the solution, mxing in a
reduci ng agent, at a mxing rate, with the solution until synptons of
nanopar t iwbeofoxs3osri on occur in the solution, and addi ngCa/use@os4535
surfactant to the solution to stop nanﬁgarticle formati on and aggl onerati on
after the synptons of nanoparticle formation occur.[009] |In another

exenpl ary aspect, a nethod of soldering an el ectronic conponent to a
circuit board is disclosed. The nethod may conprise applying a sol dering
paste, whic L el ent and
Phe oi reuit oo ap e DINATERRE & e L el oo TR
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the circuit bog n_anot h X ary tion may
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have a di arrete of 2 nano ters .or, | ess bujﬁgreater t han zero. {011] In
anot her exencp?lo e fax 0L Jrie bsrveeh g ﬁ?‘?ﬁﬁn%f’nﬁli‘”?]f Y cuit may

conpri se apmostdig a net al nanonat eri al, which may conprise a surfactant, to
a surface. The nmethod may further conprise tracing, by a heat source, a
circuit line of the printed circuit on the surface. The tracing nmay cause

the surfact a010]0Mn hA®hdricRGRSlas aksedi, b cl)rhﬁ(%ntfoﬂ n@a&%@ﬁxﬁjﬁ&%ana_ﬁb@udl@t Weieh My
further conprise treating the surface with a solvent to cause the untraced

netal nanomeP@f ORPIISY 2 GRIFRT BPCOTE, @mz]nomhowluralﬁamﬁb@ﬂ WRSHII|PY aspect, a
conposi ti on ey &ATBAHSE TRORAR arﬁEleé%Hy”hM@d%{é?é?%ﬁé FReteARN tss R~ 50% of

the copper or alum num nanoparticles nmay have a dianeter of 20 nanoneters
or | ess but geaertsn zefan zero, and the renmining 70- 50% of the copper or
al um num nanoparticles nmay have a dianeter greater than 20 nanoneters.

[013] It is understood that other configurations of the subject technol ogy
wi | | becone [011] In another exemplary aspect, a method of manufacturing a printed circuit may

comprise applying a metal nanomaterial, which may comprise a surfactant, to a surface.
The method may further comprise tracing, by a heat source, a circuit line of the printed
circuit on the surface. The tracing may cause the surfactant on the traced circuit line to
evaporate. The method may further comprise treating the surface with a solvent to

cause the untraced metal nanomaterial to wash off.

[012] In yet another exemplary aspect, a composition may comprise copper or
aluminum nanoparticles. About 30-50% of the copper or aluminum nanoparticles may
have a diameter of 20 nanometers or less but greater than zero, and the remaining 70-
50% of the copper or aluminum nanoparticles may have a diameter greater than 20

nanometers.

[013] It is understood that other configurations of the subject technology will become
readily apparent to those skilled in the art from the following detailed description,
wherein various configurations of the subject technology are shown and described by
way of illustration. As will be realized, the subject technology is capable of other and

different configurations and its several details are capable of modification in various



readily apparent to those skilled in the art fromthe foll ow ng detail ed
description, wherein various configurations of the subject technology are
shown andwdesuvdisbssd by way of illustration. As will be Prealtiszed/jps4588

subj ect technology is capable of other gnd different configurations and its
several details are capable of nodification in variousother respects, all

w t hout departing fromthe scope of the subject technol ogy. Accordingly,

t he dr awi ngsothaidesgeatspll sdthoegiepariing Hem drescops abehersubjatdestinelsgy | | ustrative in

nature and ng co?d?n%l}ﬁ S’ .r%%ﬁggand@aﬁgd %ﬁ@gﬁye%lbgelggﬁg% W‘[’%}% ih014] FI G

1is a flowchart l'ustratFng an exanp an ope bricating
nanomat er i alnatirpamowopd@sidetivei t h certain configurations of the present

di sclosure. [015] FIG 2 is a conceptual illustration of a nanoparticle, in
accordance with certain configurations of the present disclosure. [016]

FIG 3A is a conceptual block diagramillustrating application of a

sol deri ng nanomat eri al tBRERF BESCRIPEFIGNIOIDTHE RRAPAINGS to a circuit

board, in accordance with certain configurations of the present disclosure.

[017] FIG 3[6}%]5 F@GPPE%%W&Jart%&ﬁF?% a%%&?xﬁﬁli? btﬁ?&;{e%ibﬂgffaﬁ?caﬁf?é dering

nanomat eri al FIG 3A, after app ation o eating, in accordance with
certai n confiagomattiianig agforddnec yitk setain aingguratguns of the P18int RisdosBC i s a
conceptual bl ock diagram of a soldering joint fornmed fromthe sol dering
nanomaterial in FIGS. 3A and 3B, in accordance with certain configurations
of the presdit5]diBG| Dswrcencep@ibillugttaGon df 4 mnapafticdeyic i@ptdandelwittoedainng an
exanpl e of a ence ns for soldering an el ectroni c conponent

sequ oper at.i
to a circui tCOBﬁgtPEﬁ‘O"FR?Q‘SSgeF?Pgﬁbsg“W?-h certain configurations of the
present disclosure. DETAILED DESCRI PTI ON [ 020] The detail ed description set

forth bel ow js i ed as a description of various. canfigurations of the
subj ect tec hhiﬂo&@ga ‘Si‘e'scoﬂ‘c')etp%i aﬁ‘fc’lg (o e llﬁ‘gg?t%é‘ﬁPll‘faﬁgn %??at(‘?g'i‘ﬁi guration
i n whi ch t henaatjtesdl té astdvd ah oYtrdiRycoathodnd 6l 4 drdit bddie, ia pRRRtAact with ~

certain configurations of the present disclosure.

[017] FIG. 3B is a conceptual block diagram illustrating the soldering nanomaterial in
FIG. 3A, after application of heating, in accordance with certain configurations of the

present disclosure.

[018] FIG. 3C is a conceptual block diagram of a soldering joint formed from the
soldering nanomaterial in FIGS. 3A and 3B, in accordance with certain configurations

of the present disclosure.

[019] FIG. 4 is a flow chart illustrating an example of a sequence of operations for
soldering an electronic component to a circuit board, in accordance with certain

configurations of the present disclosure.

DETAILED DESCRIPTION

[020] The detailed description set forth below is intended as a description of various
configurations of the subject technology and is not intended to represent the only
configurations in which the subject technology may be practiced. The appended

drawings are incorporated herein and constitute a part of the detailed description. The



drawi ngs are incorporated herein and constitute a part of the detailed
description. Thedetail ed description includes specific details for the

pur pose obopoomisddsmg a t hor ough under st andi ng of the sulpceaiS2a00b436s 0gy.
However, it will be apparent to those sgilled in the art that the subject
technol ogy may be practiced w thout these specific details. In sone

i nstances, well-known structures and conponents are shown in bl ock di agram
formin ordedetailed desotipticnisdudes mg:ctﬂweietadmﬁvepttespumosct d)faarswj&pg@thmwghnol ogy.
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11/ 798, 529, mnitelarﬂth@t tHﬂﬂENbUMWARSFmeE&icedsvimamhqse)smmﬁd dheileiln by
reference in_ its ntlret Unites. States Pate | i cat,ion Serial Nunber
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i ncorporated herein b ce i.n its ent| n _one aspect, the
desi red fusﬁiﬁ’ﬁlpf)’é%earr% 653%8(? F eﬁgcaéﬁlfﬂagft “iugl Xl‘lﬁré’% {ig‘iseﬁﬁangmﬁr operty of
certain nanostructured materials that their fusion terrperatures drop with
reduction in Eartlcle size. The term"fusion tenperature” may refer to the

t enper at ur e ETIw{mIRS States Paignt Anplination Seral Numbget /638,528 <atifled t he appear ance

of melting. RUENKAMNANOFARTICHBSN HIARRpIrhEd BfeilBY rétreR@tiMASEtRergNd 25
nanonmeter (nn). dianmeter exhibit a fusion te{g/perature of about 600-800 0OC, a

si gni fi cant Yuitss States Rarepowrliegitongieriak Nenbeg 1 2/1 2y (o piitledf CABBORANopar t i ¢l ed
rheni um S nNJ\Nb'T)UBECS)ﬂQPHE§iSS@SIN@REFMC?ORWE@ALNANGPARTMLES“at the
fusion tenperature of %ap nanoparti cl es nanomat eri a is

si gni fi cant [ 4NPMANUEA éﬁifa@ TR hﬁﬂTAIn?jAg@HﬁRHCLﬁﬁnlsnanopartl cle
copper (108 al so exhibit such a reduction in
fusion tenpgﬁgqt Oratéh %lgrgmgﬁg%h@r&%mr di anet er nanoparticl es have
| ower fusion terrperature For exanple, the fusi on terrperature of a copper
nanonat eri al a 'n R ter r.ange, could
have a fusi o[rq {]e\rfr{]) &a?%ﬁgcwgeg& re‘&c‘)l%f)ﬁrg ﬁ%%’ 6}8501 relrS é“étsevvevldtu ﬁn%%e
particle si zgopentytofiecrtai moﬂmcnmdgﬁatemditahaxomeﬁus1nmtmrmtaemsairopm'yh have a

]]: 32: 82 tenpe eguc%llgr? mopartlcli)e size. % Otelong: “fusmn tempera?ur:?lpmzrl]yn}e?ar'rtot %h(e: lte?np%}a ré a’ct he

which a soldering material liquefies, giving the appearance of melting. For example,
rhenium nanoparticles having between 5 and 25 nanometer (nm) diameter exhibit a
fusion temperature of about 600-800 0C, a significant reduction from 3180 OC, the
melting point of non-nanoparticled rhenium. Similarly, copper also exhibits a similar
property in that the fusion temperature of copper nanoparticles (or copper nanomaterial)
is significantly lower in comparison to the melting point of non-nanoparticle copper
(1083 °C). Aluminum nanomaterials also exhibit such a reduction in fusion temperature.
Generally speaking, lower diameter nanoparticles have lower fusion temperature. For
example, the fusion temperature of a copper nanomaterial, having a nanoparticle size in
the 2-5 nanometer range, could have a fusion temperature of approximately 200 °C,
whereas with the particle size in the 40-50 nm range, the copper nanomaterial may have
a fusion temperature of about 750 °C, and at 20-30 nm particle size, the fusion
temperature may be about 450 °C. Similarly, a nanoparticle mixture comprising

nanoparticles sized 20 nm or smaller may have a fusion temperature of less than about
220°C.



tenperature may be about 450 OC. Simlarly, a nanoparticle m xture
conprising nanoparticles sized 20 nmor snaller may have a fusion

t enper at we 20fo/d3ess t han about 220 0C. [023] It is advantragase@ossssse a

mat erial such as copper or alumnumto %roduce | ow fusion tenperature
nanomaterial for use as a sol dering agernt because of high conductivity of
copper or alum num Furthernore, it is possible to lay down these netals on
circuit boarl@23ladt is hilvantageae 40 ese aimptérid pacbfas bepipbr (gtalumim tyodBGW havi ng
very fine pi [ n n | y packed
circuitry. Tﬁjgpn te&ﬂ@{]‘ﬁﬁyni %& Hllt‘lgfg* s%agg‘ £ (ﬁﬁgﬁg%génrt gecgr%eloefﬂ?gglf copper

conpar ed t o dondudbsgeaf @pﬂerloeakdnmamedl?usbdmhem, ndp msaﬁlde tcalag doWathese 1 [ 024]

FIG 1lis a fl har t shvvln erati.ons rformed in jcating a
nanonmat eri al ™ Ogglécurltd? ?/\ﬁ'ﬂrh E& P Org’gﬁibf‘ %ﬁ‘ng?rf%ﬁé@?‘g bWénngreg'sent

di scl osure. ﬂim pitek, ttb&réb}ﬁbﬂfllaﬁng mmﬁaitsumtghﬁdapelp@hdk@&slraﬁleymrdbnb FIG 1 may
be perforned.,in ask. The f ma for ex l.e, ,as di scl osed
" Phe abovelt SrdHEd ot etrabaoriesp Pl ey B P Apg g fporst

descri ption Jdoglefivg mbicHalsespect to FIG 1, processes are general ly described
with reference to copper nanoparticle fabri cation. However, it is
under st ood that nanoparticles for other netals (e.g., alumnun) nay be
fabricated along the sane principles. The3] At operatl on 102, a solvent is
prepared. The_solvent acts as a npdiumin which the quhqnnupnt nanaparticl e
fabrication |MAR#ES pl ace by a reductOxgafisriyc eSS Spiderd5%dou |Péﬁ°'éﬁffﬁ%ﬁf|‘ $i ng

sui t abl e pr dotimsoTesiledgergea®@pa)Ded| | n221486 pr psent adrscl ospire. Sene exanpl es
of sol vent s |ak@ridl residtiGg@shm-dn)t he pboveEcnel ef encadoddsS. Pht erdoo@ppl 1 ¢ati on
11/ 798, 529. [[hE4Rd cobiuctli§ (V9N LOf, 33Bc300T [TOT € ceper pjecur 39rs ane added
to the sol vemt—toforma SOMOtT oM —A pPrecursorproviades—the—sotrvermt—wi t h
copper atons necessary to form copper nanoparticles. Exanples of copper

precursors I @Eéi]u CPB%%{OWC&I owlﬂéo%erertlzo)ns PerPo%geJ 1n(%%(brlcat1r( CUO) by

di ssol uti on aC| base W t am nes as described in
US pat. 3, 637an&ﬁa¢rlalgn acapiaace Wyldcmalrdc&)nﬁgiu(nﬁﬂ); 8) thepiehenatistlosuge. I ncer t ai n

galn I Iagijéat 1o ertéun%glri)f&)g%l;at%an eagp%}a%ons show1¥ 1an?IGrr?may %e per% r}renecli 1ende{J sqrtlgllg nof a

flask. The flask may be, for example, as disclosed in the above referenced U.S. Patent
Application 12/426,160. In the description below with respect to FIG. 1, processes are
generally described with reference to copper nanoparticle fabrication. However, it is
understood that nanoparticles for other metals (e.g., aluminum) may be fabricated along

the same principles.

[025] At operation 102, a solvent is prepared. The solvent acts as a medium in which
the subsequent nanoparticle fabrication takes place by a reduction process in a solution
comprising suitable precursors, as described in the present disclosure. Some examples

of solvents are disclosed in the above referenced U.S. Patent Application 11/798,529.

[026] At operation 104, one or more copper precursors are added to the solvent to
form a solution. A precursor provides the solvent with copper atoms necessary to form
copper nanoparticles. Examples of copper precursors include copper chloride (CuCly),
copper oxide (CuO) by dissolution in acid or base with the help of amines (e.g., as

described in US pat. 3,637,508), or copper hydroxide (Cu(OH),) with ammonia. In



copper precursor (salt) such as halide, nitrate, acetate, sulphate, formate
and oxide, etc. [027] In certain configurations, a copper precursor

requi res woynmg3v4s7avoi d oxi di zati on of nanoparti cl es bycmisgtoansssand
air-oxygen. In certain configurations, in situ drying may be perforned. For
exanpl e, hydrous copper chloride (Cud 2% 2 H O may be dried using
processes that may be represented by the follow ng chem cal equations (1)
and (2). CuGiegamzonPgrations, EigireOmspp@ticleOnay Be mad WHChOy<OaicB of a4ui@HBOH (1)
Cud 2 2 H20 # - 2.+ 2 3 + 4, Ck (2) [028]
One skil | ed “ioﬁg‘?‘“&’gég)rs%%?iﬁ|Shcr3f‘)ea§5‘61r‘ﬁ%§§“ta e aofe Sl Tortas? gl FHRCHCL2)
produces anhydrous CuC 2 and, as a side product, a desired anhydrous

sol vent net | ..thus el i.minating tine-consum n rvyin r.qcedures. [029
A oper at; onfthds ™ s Sp PRy S SR e AP aPr RS Ll ¢ 1 on
of the firstofswndpatickaby mystlie il dootyeoh. Ih betagi cafigiratimedpaiti dgings by
controlling the range and distrjhbution of dianefe i f th .
nanopartic ? daay erPeE%’fI?‘g]i' ﬂorceéﬁrflpllﬁlb}?yé?f QUS 18PPet ﬂ@orfqter(é‘t‘éfé E%SI?%&) Y %ﬁﬁvedoe
chosen fromw@ingaprécetses dbt RaIRItepresilitedds tﬁtﬁféil&\ﬁn% SMenfitts e@ladbms (1 pa@t hs.  For
copper nanomgterial formation, the am nes are chosen, in part, because the
am nes coor dhate wel | to copper, but at the sane tine can be renoved

easi |y upon noderate heating or vacuumto expose the nanoparticles enabling
themto fuse. [030] At operation 108, a reducing agent is mxed in with the

solution at a pr &Gl 2Ot HG(QCHg): A CaCh e HE thg bgHHPE may (hcl ude
P iy ; ; . B
one or nore of ¢|tf, 'ZWJ—QXCHﬁ%lfj(U@H3$3'\|§)Cu@ﬁ2P@Egﬁg@gj?ﬁé |$24 N%ﬁlﬁma Syj tabl e

catalyst. In certain configurations, Sodi um Bor may” be used
as a reducing agent. The chem cal reaction for formation of nanoparticles,
represented as nanoCu, when using copper chloride precursor and sodiumion
as the redud0?¥ agdemnskilledgn thhevirwill necbgnizq Bt titudlemical 2hgion-abvelag@uces nanoCu

(3)[031] I'n gats Rl saniloW kil t r i,scl r per oxide
(CQuO may be' ug ergﬁ as"&?’he pr eacures‘go}gqu%g iasd E%Teg eagl%i%ﬁotug%r%?er%%%ﬁ’ag(gi t?f&gr base and
citric acid,cliasgampitimeaohsinong drgoligpnochdurehydr i de used as the reduci ng
agent. The chem cal reaction when using
‘ [029] At operation 106, a first surfactant is added to the solution. The addition of the

first surfactant may help control the size of nanoparticles by controlling the range and

distribution of diameter sizes of the nanoparticles. In certain configurations, the first

surfactant may be chosen from a variety of organic amines having various chain lengths.

For copper nanomaterial formation, the amines are chosen, in part, because the amines

coordinate well to copper, but at the same time can be removed easily upon moderate

heating or vacuum to expose the nanoparticles enabling them to fuse.

[030] At operation 108, a reducing agent is mixed in with the solution at a pre-
determined mixing rate. The reducing agents may include one or more of lithium (Li),
sodium (Na) or potassium (K) with a suitable catalyst. In certain configurations, Sodium
Borohydride (NaBH4) may be used as a reducing agent. The chemical reaction for
formation of nanoparticles, represented as nanoCu, when using copper chloride
precursor and sodium ion as the reducing agent, is shown in Eq. (3)

CuCl; + 2Na* - 2 NaCl + nanoCu 3)



copper oxide may be represented by equations (4a) and (4b) below. CuO + 2
HO - 2 d + Cu2+ + H20 (4a) Cu2+ + ascorbic acid -> nanoCu +

dehydr oaswonrbiom3essrd + 2 H+ (4b) [032] In certain confi goaratcanss4sedpper
chloride (CuC 2) may be used as the precursor. \Wen using copper chloride
W th sodi um borohydri de as the reducing 8agent, t he correspondi ng reaction
maybe represented by equation (5) below. Cud 2 + 2 NaBH4 - nanoCu + 2 Nad
+ H2 + B2H6 [08]] [K)S@}airi mrflgurtat;i«brrs ocfdwfrir@}amtalisicmswrp, @ppartoxide (CudBnayfbeCuC 2* 2

H20 may be d| n._abou tefr. dr.of ur JHF) with
oout 0o B8 8 s SR e T el ndi TR s Wt BRI BR 58 Aot
19 M 2M sol cmrtsodmin tvegphybedeaddd ek the reﬁu@ﬁg1ﬁg’eﬁi TRélcheatical sactionGvhch @siper at ur e.
When col or of the Ive t turns reen water with 5-10%

di et hyl enet r{RPHe ( %eﬁ%es‘ﬁ%teégﬂ Wy @g Hé(‘&?gkg% with 5-10%

n-butyl am ne may beudipoesdChy BCi rduwigrfiogs a few m nutes. The nanopayti cles
are hydrophobi c and smay transf, intg the organic phase and may be
extracted and separtt é&s?qr@ﬁ?ﬁlﬁ? BSE-8d Lfg’%’%drf’ﬁc%rh@ﬁc‘é %28hi on.  Th&bhexane
may be evaporated to isolate the solid nanoparticles. In certain
configurations, |arger nanoparticles ma be se(gar ated by centrifugation.

[034] In cerl03t]n Ipseiainyepieratians. capppeh lopide Gt 2) Ay b @Sqds dheaequpsar-

precur sor angheh aglﬁg:c@ber%ﬁro%@wwwlﬁ&n%E%hp(ﬁldesdeﬁwaédue#ﬁg ab&@uEd Ng agent.
The resulting chem cal reaction nay be represented by equation (6) bel ow

Cu(NCs) 2 + cooriesronding eragdonibe repggsantedbyigaveen &) belepsni ¢ si de products (6)
[035] In certain configurations, the follow ng steps may be used to perform
the operations.[036] (1) Provide a 50 niL aqueous solution with a
concentration of approxi maCal 102 WaBHi DasamoCbit@ Nesild leonBalsni ng 4 @) ans PVP
(solution 1). [037] (2) Provide a 50 nL aqueous solution of 1 g Copper (I1)
acetate x 1H2O and 1 ml ammonia water (cone) and 7 ml n-butylamne and 4 ¢
PVP resul ti n§33in Iacttarecadigutiian, {bourgramsoNCeCle@nipiCex)y besdisatvedin 2) .

about 45 ml of glyme or tetrahydrofuran (THF) with about 10 m1 dihexylamine and
about 4 grams DDA. Sodium borohydride (about 19 ml 2M solution) may be added at a
controlled rate at room temperature. When color of the solvent turns to green, about 30
ml water with 5-10% diethylenetrimine (DETA) may be added and 30 ml hexane with
5-10% n-butylamine may be mixed by stirring for a few minutes. The nanoparticles are
hydrophobic and may transfer into the organic phase and may be extracted and
separated from the byproducts in such a fashion. The hexane may be evaporated to
isolate the solid nanoparticles. In certain configurations, larger nanoparticles may be

separated by centrifugation.

[034] In certain configurations, copper nitrate may be used as the precursor and citric
or ascorbic acid may be used as the reducing agent. The resulting chemical reaction may
be represented by equation (6) below.

Cu(NOg), + citric acid/ascorbic acid = nanoCu + organic side products (6)

[035] In certain configurations, the following steps may be used to perform the

operations.



[038] (3) Add solution 2 to solution 1, [039] (4) Stir and heat to +65 0OC
(about 30 min duration) [040] (5) Allow the mxture to cool back to

appr oxi mawel2giwosessrt enperature. [041] (6) Add, using a eomtuseédesissat e,
about 25 drops of sodi um borohydride (2M solution) until color of the

m xture starts to change. [042] (7) Extract nanoparticles by a process such
as centrifugation or extraction with hexane as outlined above. [043] Use of
reduci ng agdf?® t(htronde a S8 mleqnequy solytion with ¢ eongentrakan piappivaigritaludd > 2

vol ts) reduclion.patehtd (%Intalﬂﬁrk%@ N @9@%@“&2 of nanoparticles from

el ectropositive elenents. Acco df’yngfy, i'n one aspect, the reduci ng agent
conpri ses a [#3Tled?) Bipvidodptmlsaghenus selutiar ofd Coppeh@l) peetsend dl,0fanddpht hal ene
Wi th approxi . t] i ] At p 110, the
ol Ut on 1 o Trmgipdigys bl 3 SIS RRAL BREL Ehyrctiine i BED i

synpt ons maysolutioh (@€ -emamnga cofples) Eolutén 2he sol uti on and/ or anmpunt of gas
being rel ea (bubbl i ng).. dur.ing the process. For exanple, when using CuO
as tﬁe precﬁ"rﬁgsdrQ%o‘gé({sf?g)tlroglré&oaf@%thonglf copper nanomaterial, the color of the
sol ution ini[3Yl I(§) Stis abd hiext gr-ee11C (ABouedo aéiddurgiohhe reduci ng agent, as thfe
reaction pr ds.t col or. changes,tq dark green indicating formation o
nanopart i (F:)I E@E‘ﬁo??)d&g%"'%‘@@uf%ﬂ/ ﬁﬂ@a&tﬁﬁwpgw ro\ﬂﬁé?f“i’eﬁggrﬁanoparti cles
begi n to grqe4t]o (baadkusisf Z esntrofeC Rt htrgt Y5 dﬂo?s SRbdigmbofdRdnidayrat i ons, the
m xing rate oI the r_gdLiciLfg%hag.ent is held sufficiently low (e.g., 1.5
mililiter pséunﬁi’&r}ﬁ‘f‘ golan Riphe Rixfure fartyiaqiiefry agent is nixed in only while
t he synpt omgoef] MAORAELHaGbRrANsHB LR suthR dBSitIaforSdrZluaien RXRI i t ed.
When the synptons change (e.g., yellow color begins to turn to brown), the
m xi ng of r digs¥IcHg cuyest 208G be di scontinued.[045] In certain
configurations where NaBH4 is used as the reducing agent (e.g., equation
(5) above), during the formation of nanoparticles gas may be rel eased (H
and B HO) an84Haspef epdysing saentsithpg havgrirelatitehshigh free-riariop aregniside >f2or mat i on

process is %@t%rrl::éld}gon potential helps in formulation of nanoparticles from electropositive

elements. Accordingly, in one aspect, the reducing agent comprises a molecular sodium
solution formed in the presence of naphthalene with approximately 2.50 volts reduction

potential.

[044] At step 110, the solution is monitored for symptoms of formation of
nanoparticles. The symptoms may include change of color of the solution and/or
amount of gas being released (bubbling) during the process. For example, when using
CuO as the precursor for the formation of copper nanomaterial, the color of the solution
initially is blue-green. After adding the reducing agent, as the reaction proceeds the
color changes to dark green indicating formation of nanoparticles followed by yellow
and orange-brown, when the nanoparticles begin to grow to larger sizes. Accordingly, in
certain configurations, the mixing rate of the reducing agent is held sufficiently low
(e.g., 1.5 milliliter per minute) such that the reducing agent is mixed in only while the
symptoms of nanoparticle formation of the desired size are exhibited. When the
symptoms change (e.g., yellow color begins to turn to brown), the mixing of reducing

agent may be discontinued.



[046] At step 112, when the synptons of formation of nanoparticles change
(e.g., indicating that nanoparticles of a certain size have fornmed in the
sol uti on)woaomasaessd surfactant may be added to the sol urcomstaofaasss it at e
term nation of nanoparticle formation OE aggl onerati on. The second
surfactant may al so help add stability % the nanoparticles formed in the
solution by protecting the nanoparticles fromfurther exposure to reacting
chemi cal s an@4yr dwwaiISt@!ﬁiguliaﬁ@uSinwr%M@eri@usdtdbdﬁr@ﬂUCSlgagﬁnné@r&parti cles

nelp stop t NGy INGBRILLE] S A AL H A A LEBELLNR Wit phieTL 62l o T

the air whe arr en and hoand: chem cal
reacti ons arB:Hshaelsnayaisl aewbblcamh@tlen(m%dnmpmpalelfmmaem wacesexhi bi t

pyr ophoric behgrw r. [047] In certain configurations of the present

di scl osure, organrc am nes, phosphines, and sul phur containing organic
| i gands may be used as the second surfactant. The choice of a second

sur fact ant i nvVo trade-off between the boilin erature of a
sur f act ant ?@%@ ﬁ%@qé? yhen the Wﬁipff’r'inst rgﬁp?%%"tbrﬁlﬂ?paggql "8htapsul at ed
nanoparti cl egdicgingeltn Aenopattiales ¥E4 dertainge) handiofhal intietioRkial)i b bdeyndf si ze of
nanoparticl es._ For sol deri nq a surfactant that facilitates the fusion

process duri MHRLEI it Gt tp dhesqtiontorfad etedermdpaion PEMEOREBHCS 0i ni ng and

fusion may berfaRh AR ESMerdEHO itk BEbNd surficRittnASARHelp ANIsRBIJity AR to be
rel easabl e upon npderate heatin maybe used as the second surfact ants.

Amines are KHBMwRrticesdpmmgd in she spiufen by pretsekinabe pangpwtieley frmy figther such

conpounds arg %%rré‘dcﬁhé YhePN&id ABlFowWE:- @ablhz(a% andrébddor of ffeh HS) 3N-Al H )
Qt her am nes possib use as the second surfactant include n-butyl,

hexyl, octyl nan@mm,ﬁ&vlhe@rﬁtqwhe ﬂaﬁom@w freprionidizingrand réagtingrieigh cheiniralsamd
et hyl ene di atﬂ%]g'ﬁawhérp &&)%Jd% erB ﬁgfsﬁﬂss Oxﬁaﬁ&pgfdrlﬁam%ﬁﬁ H#3ns are

tributlyphosphine and trioctylp |ne as we as trioctyl phosphi neoxi de
may al so be undedirabls bswm@pswdﬂﬁampammbsganthlbu(mhlphMQ whavidrt h an am ne.
General | y speaki ng, a phosphine surfactants may exhibit a higher boiling
poi nt and may bond nore strongly with the nanoparticles and therefore

vol atilize |[64F dead’taﬁlyconﬁguratikdistofﬁn,praqexatiisclnarry, drgnmiocanﬁndsnﬂm;ﬂmwb, as
tetraoctyl a

romd etr al so be used
to control nangmgmfr cgp%mmgzoéganrl‘nc lf%% @y‘ifs‘ks qo%s tH%TCCBrhf{nstuf Sﬁt%’%g];h(?wt h by
covering t hechn&aobasdcbmd arfunitacy ifwhala teldeofitesiah ik Hoiling@Shperature

of a surfactant (the temperature at which the surfactant allows encapsulated
nanoparticles to become relatively free) and the predictability of size of nanoparticles.
For soldering, a surfactant that facilitates the fusion process during soldering by
releasing metal nanoparticle for joining and fusion may be desirables. Accordingly, in
one aspect, amines, known to be releasable upon moderate heating, maybe used as the
second surfactants. Amines are known to stabilize highly reactive alane (AlH3) and such
compounds are commercially available (e.g., (CH3);N-AlH;, (C,Hs);N-AlHz). Other
amines possible for use as the second surfactant include n-butyl, hexyl, octyl, dodecyl
amine, tripentyl amine, triethylenediamine and ethylene diamine. In certain
configurations, phosphines such as tributlyphosphine and trioctylphosphine as well as
trioctylphosphineoxide may also be used as second surfactants or in combination with
an amine. Generally speaking, a phosphine surfactants may exhibit a higher boiling
point and may bond more strongly with the nanoparticles and therefore volatilize less
readily. In addition, quaternary ionic amines such as tetraoctylammonium bromide and

tetracthylammonium bromide may also be used to control nanoparticle size in the early



and sl ow ng down aggloneration. In certain configurations, a m xture of
surfactants havi ng weaker and stronger bonding characteristics may be used
t o achi ewsoaotvalsausce bet ween the fusion tenperature of Prhe/useewlosisng
nanomat eri al and how qui ckly the pr ocesr of nanoparticle fornmation needs to
be stopped. [048] At step 114, the resu {i ng sol ution conpri sing
nanoparticle material may be changed to a formsuitable for storage or use
i n anot her ayfes efnartishe erPwth lyeenping the ranepsrticle spriaen twegli elsetrastasic farers)
nanomat eri al V, " . " ) "
approach, gi %llq%)ém?lﬁge&g@n%%lfotﬁg Bdftliaf"g\?v%?:lgdg’tpg&rrlgl u g%r%si?r ﬁ\%ﬁrg%g%gﬁ%

scal abi | i t y, haning wWeekargad sttangerfhonding clamactdristicsomyzbenaebio@vlieve. a Hatancer t ai n
configurati L . t i for onveni ent for
ise ae sol darbussh % QADIRLSLRL of B BubEhih A0 shBpdy WOERL RIS 2

i Il ustrates muespdiaapomevdparhitohacsistabd siopped.n accor dance with certain
aspects of the present disclosure. A nanoparticle 200 may conprise a core
202, a shell layer 204 (typically an anorphous shell |ayer) and a
surfactant do4t]i g spa6 14, Theresdtingy sdORiomaympésindaiasepativte Ratgdiladdyibee due to

t he hi gh pressur of up tq.,5.GPa present during the formation process. The
shel | [ayer %%eﬁz%a goémzf%a’%@ﬁé@mfgﬁo'i/ﬁ?érhanpﬂlgr %ipﬁiﬁ%“o NGEHe dhged nore
random y, caosepasineonfigurdtions, €l mndtaerid uRybe chiveR&l infoaiadSpddet. A& “wet
nanoparticle'. s, curvature. The arroreg_]?gg]?) arrangenent, in the shell |ayer 204

prevents t hehSRBHE FPsAchaing fhy ben W 9ggfmenpipeuripgangd facilegedehitityand

keeps them ifaybd ied 190 dymanda shoh #ﬁh?lb?(h}ll&r.% adrRisdmhghhdinsuesy little
energy may cause the atons in the shell layer 204 to nelt and flow. The

arrangenment BPOHEHA may be harmyléad in p 4gray coppeniqng for use asgplderingagieniad (bg-e f or
the reduced if,ugi i bEPRIARt Ure. In general, there may not be a sharp

boundary between the core 202 and the shell |ayer 204. [050] The process
described with reference to FIG 1 may al so be adapted for fabrication of

hanoparti cl 6[§?Ts§0fméﬁ fIGEERRAS e%@%ﬁln%#ﬁ%rtﬁﬁa e ReofBhed G defilhl On of

al um num nanonaterial, an alum ursor such as triethylalumnum (Al (C
Hs) ) and seaspgctsl of fhegmesentatijologtiievs sanmmpyrticle 208 edy benpise doleeXd, oihelki cal s are

know to layer 204 (typically an amorphous shell layer) and a surfactant coating 206. The core

202 may be dense and crystalline due to the high pressures of up to 5 GPa present
during the formation process. The shell layer 204 may be amorphous, in which the
atoms may be arranged more randomly, compared to the core 202, due to higher radius
of the nanoparticle’s curvature. The amorphous arrangement in the shell layer 204
prevents the atoms from assuming a stable bulk lattice arrangement and keeps them in a
thermodynamically unstable state such that very little energy may cause the atoms in the
shell layer 204 to melt and flow. The arrangement of atoms in the shell layer 204 is, in
part, responsible for the reduced fusion temperature. In general, there may not be a

sharp boundary between the core 202 and the shell layer 204.

[050] The process described with reference to FIG. 1 may also be adapted for
fabrication of nanoparticles for different metals such as aluminum. For fabrication of
aluminum nanomaterial, an aluminum precursor such as triethylaluminum (A1(C,Hs);)
and several alane derivatives may be used because these chemicals are know to
decompose at temperatures between 160 °C to 100 °C in the gas phase. Furthermore,

these precursors typically decompose into the metal and a volatile byproduct. This



deconpose at tenperatures between 160 OC to 100 OC in the gas phase.
Furthernore, these precursors typically deconpose into the netal
vol ati | e Wopnwmdiset87 Thi sbehavi or can be represented by equatsean/o0§4535 bel ow
for triethylalumnum (AIR3), heated to tween 100 OC and 160 OC. In
solution, however, the precursor is stabilized resulting in an observed
deconposi tion tenperature above about 250 0C. AIR3 + heat + surfactants -
nanoAl + 3 Pehationdarherepmsopsd nauationd i dlggdewy fof RietifydBurhinkm (A [Ruprheated
configuratiqg bQ&VeEJ‘Foo%eﬁﬁrlgso dt.sl%'s&%ﬁ&ﬁ okl AR R LGk ERsfR: e

for ‘exanple a I'Unh RUM hal 1 de precur sor by
activated sddiaunbseasd sbawpokifiorgumtiaome {®)e Moo °A. G 3 + 3Na* -> 3 Nad +
nanoAl (8) [052] Soldering material having a | ow fusion tenperature nay be
advant ageous in certain applications because | ow fusion tenperature
facilitates theAlRse heét + amfactasts “pamoadi-3R @it dnegrebylae Syidedgsn) | n (@ertain
configurations, copper and al um num nanomaterials may be mxed to obtain a
sol dering nanonmaterial having a | ower fusion tenperature conpared to a

copper - onl y [981]déi b bgtanbsunigh@liéRdf thd fastht distidkerel Almirtaddgparaidsems of the

produced by the reduction o np n-d

present discl osu

and a

xture of copper and al um num nanomateri als may be

e, .,a m |
made by f abrtied)é?c{uﬁi‘gd %tB‘g gduction fLRrexample amalummym halis PrerBsRLOR Astipted
sequentialI%mdﬁﬁpgﬁmowa%yngﬁ@gggngairst to form nanoparticles, followed

by thermal deconposition o

an alum num precursor. The copper

nanoparti cl es

may function as nucleation sites and alum num may deposit and coat the
surface of the copper nanopar iy16],83N@SH NG +indnicopper core 20Zgand an
al umi num shel | |ayer 204. The fusion tenperature of the m xture may be
| ayer 204. [054]

based on the ratio of copper/alum numatons in the shel

Accordi ngly, [Ogi] ?Bﬁieﬁﬁ%%rial%a@igg g ‘f(gvfi fulstifi ité?ﬁbe}a?lgp ﬁ{agtbg b

can be fabricated using copper um num-nanomateri a

SRR

JNg material
usi on

t enper at ur e sftainlapplzetiahs besgsmlawdnsoretenabrawenfatibtateatearse df owaosil | oyi ng
copper nano %hlgdgmﬁ%ﬁd %2&& m%{e%msmrpertﬁr? cénl?%ut%ggﬁénéopg%r a%:d 4O use din
the*~a *€le

relation to unt of copper used I n frranopat

ormatl1 on,

t he fusion

t enper at ur e mhomiteriaiemay bé mixed &narmain b woldering neh@sa¢rial baving a lower fusion

temperature compared to a copper-only soldering nanomaterial.

[053] In certain configurations of the present disclosure, a mixture of copper and

aluminum nanomaterials may be made by fabricating copper nanomaterial and

aluminum nanomaterial sequentially. Copper may be reduced first to form

nanoparticles, followed by thermal decomposition of an aluminum precursor. The

copper nanoparticles may function as nucleation sites and aluminum may deposit and

coat the surface of the copper nanoparticles resulting in a copper core 202 and an

aluminum shell layer 204. The fusion temperature of the mixture may be based on the

ratio of copper/aluminum atoms in the shell layer 204.

[054] Accordingly, in one aspect, a reduced fusion temperature soldering material can
be fabricated using copper and aluminum nanomaterials. The fusion temperature of the
soldering nanomaterial can be tailored via alloying copper nanoparticles with

aluminum. As the amount of aluminum used in relation to the amount of copper used in
nanoparticle formation, the fusion temperature of the resulting nanomixture is closer to

the fusion temperature of aluminum-only nanomaterial (approximately 130 °C).



the fusion tenperature of alum numonly nanomaterial (approximtely 130
00).[055] In certain configurations of the present disclosure, the copper
and al umwormmnensoearti cl es can be nade separately and tirem/useooemsdsast he
desired ratio to fabricate the final nappomaterial. In soldering

nanomat eri al created by m xi ng copper and al um num nanomaterials, the part
of the mxture with lower nelting point (copper or alum num depending on
size of nanoparticles) will mgrate first and function as glue bonding the

ot her ”a”OP%SSAC'I§§erfa99c%5ﬁ§{rancs%f toﬂhe??elsgﬁrdlsglgs é%c’&ﬁﬁeggg&é %g#n OI’WI 2

typically convert to a mat ri x osite havin I gi nal
nanomat er i alnapbrarticdessas by maderdpatatoly amththtmlrrei);@lrls tltehieswtiharo tndatoiEt grei al . I n

certain Confﬁnggliia%gfngfaﬁal fnkg 1 %ﬁ%% ateﬁ c?eaged%m?m%ng%pg%g%ﬁ aagt%}? gr L /(I) cles can

be advant ageously use es contal ni

nanoparti cl erslnaémattemdket}wq)aetmﬂthe nﬁ@tumninbvser melanggc)mta(nﬁbphher dhenmomj ng 70- 50%
can be much ] arger e for. e ron ze pa e

m cron, 10 n(ie ron§onf&e ’8?“88%“18?5 @B@Bgrf{n Fiand, Stboé’ratslglqeg)é’nﬁﬁé&’?unctl on
as a gI ue andherayndparmidlet togethat géer ddeting ltiesnahogathe wilkngicaldy I:dh@eradj acent
surfaces. In certain conflg%atl ons, m)unts | ess tgﬁn about 309 omay | ead

to increasi rigPSATRAIEY CORRASES haying SRFsse P’%%‘Ealﬁ‘ﬁ?fﬁ’?%‘a Bt AhErErRYed Weduced

nmechani cal ithin@geisttye oth@aholRaealga cthen aRdyeatl@sChé BRdnP6RLPFGaRd and
sel ecti on of chem cals facilitate control over rate of nanoparticle

formation (lyninuganapagticlss canky adnantagequshigusedfodnbricats nastasonEainieg 2boRy but i on

of the resuliyng, AAbERALIES Gl BS >0@nd <2omén&hae&§ng@$ arfd tﬁélfeirfaﬁﬁﬁgﬁolw%
honogeneous and i sotropi c nanomaterial having approxi mately sanme fusion

t enper at ur e 48 b¢ Mef leresnif sizeeln iR micrahsigeraries (e 4t danicirakiOng i t
possi bl e to isent he nnaegmtl%&ﬁlm%aﬁopqrmegs hﬁr %ﬁi@il&% e £l1 h§Hngo! der

used in the traditional soldéring equi pment ractitioners of the art
wi || appr ecitht lereenpartidesripgntier prblodhsastiacont sudpein eatinedonfiguratansanonat er i al

formation d %&ﬁ:ht@ &dds ARRY ST, %y%/ Pttg' ﬁl%f‘e%ﬁg%% E&r@\gs ﬁat%'uﬁ?lvﬁ% fegéa‘Ct ion

appar at us, ng It practical i clent econom ca abricate
sol deri ng néwoding end théretofe ladld@émeehhniqalsiin@griWerrperat ure. [058] In certain
configurations, depending on the desired fusion tenperature, copper

[056] Because the above described processes and selection of chemicals facilitate
control over rate of nanoparticle formation (e.g., by controlling the mixing rate) and
diameter distribution of the resulting nanoparticles (e.g., by choice of a surfactant),
homogeneous and isotropic nanomaterial having approximately same fusion
temperature as traditional lead solder can be fabricated, making it possible to use the
nanomaterial as a drop-in replacement of lead solder used in the traditional soldering

equipment.

[057] Practitioners of the art will appreciate that various processes of copper and
aluminum nanomaterial formation described above may be synthesized using a single
reaction apparatus, making it practically efficient and economical to fabricate soldering

nanomaterial of a desired fusion temperature.

[058] In certain configurations, depending on the desired fusion temperature, copper
nanoparticles can be coated with a thin layer of aluminum (Al) to further reduce the

fusion temperature of the resulting nanomaterial. Accordingly, in one aspect, a



nanoparticles can be coated with a thin |layer of alumnum (A) to further
reduce the fusion tenperature of the resulting nanomaterial. Accordingly,

i n one asweabivmmsnonat eri al conpri sing copper nanopart PCras2@oms4sds wi t h Al
may be fabricated to achieve a fusion tepperature approximately equal to
130 OC. [059] It will be appreciated by those skilled in the art that the
hi gh radius of curvature of the fabricated nanoparticles prevents the
surface | aydnameiaial compisingrcopperienonstticianpaed wih Abmpy/bg Rbriestestte requiri ng
very little ] L | O The atons may qui ckly
settle in a a?ﬁ%?%%ﬁg?ﬁ aehng/&g@gr%%lggfeg{%uélégg%ﬁhgenent formng a solid
bulk material. The nanoparticle core nay not take part in the formation of
the lattice a t | dbul. i al g Si er
nanocor es. ulF e ety Bt S ot e TR AR

exhi bi t s pr opéhd falericated ohnapsrticles peasesiths surgegldyereaand todetinng e t oughness. The
lattice arr enent i.s.retaipned to rel.ative.high tenperatures before grain
ar owt b set s TironRentienY EnBlaRg Rl eagndl Wil Hrer kSRR TR AN ¢ o e
due to the |fdwihgdhastoanageyenicklyseidfin AtheRsighinhieslyidld latisd y, i n one
aspect, the nanonat efi al pr oldcgcqg in a]gg_gr dance .with the Er esent .di scl osure
may be a dr dPepEemeapiorpngaspliGpulk materigh dheynangpaticle cqup may g e changes
and capital theigeahtioarf tieEyitibearnagefcht by @esdlRtbuihthid) dompsanedoypdri nes. 1 n
anot her aspect, a lead-free soldering nmaterjal having a fusion tenperature
around 200 OENPEESSISPranded ‘Psbw%bfb’gwrﬁ B R2RFPRGIHC RpeeReTt GXibisguorsiérs o C

fusion tenmpeat slifcreasbd Lidh8 aRY fr@AkretoudRR&QS 190 N6 RandBRRI is &tained to
Furthernore, the use of copper helps with formation of strong joints

enhanced fr debtivehighisgmaatics bafosogralnpsowid setpn, berapseibaismessss & may _
m i m ze CORdbIELEDY tlmakberoiid §XRENRIAN drRgentEhpITRI Ch because vi as, pins

and bondi ng materi can be all copper based. Furthernore, unlike SAC
mat eri al, copper nanomaterial does not exhibit whisker formation, thereby

ensures very g DT aerty BRY pheh: Akt Y e bR aheBTOTE “he 10 7
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assembly lines. In another aspect, a lead-free soldering material having a fusion

temperature around 200 °C facilitates low cost packaging compared to a 260-300 °C

fusion temperature exhibited by SAC — based soldering material. Furthermore, the use

of copper helps with formation of strong joints enhanced fracture toughness. Also, the

use of such nanomaterial may minimize coefficient of thermal expansion (CTE)

mismatch because vias, pins and bonding material can be all copper based. Furthermore,

unlike SAC material, copper nanomaterial does not exhibit whisker formation, thereby

improving circuit board life and reliability. The use of nanomaterial also ensures very

high uniformity of material, down to the nanoscale. Due to reduced fusion temperature,

very rapid fusion process (<1 min) enabling a fast assembly process may be possible. In

addition, copper-based nanomaterial offer the advantage of higher electrical and thermal

conductivity compared to SAC based materials. In one aspect, due to the use of copper

in conjunction with nanoparticle technology joints may be made to be relatively

insensitive to variations in composition, pad finishes, and process parameters,

facilitating reliable manufacturing under a large variety of conditions.



conductivity conpared to SAC based materials. In one aspect, due to the use
of copper in conjunction with nanoparticle technology joints nay be made to
be rel at iwelzgiomesnsi ti ve to variations in conposition, ppadstemiosises, and
process paraneters, facilitating reliabif manuf acturi ng under a | arge
variety of conditions.[061] The use of ganic surfactants, as described
before, creates nanomaterial having ganlc surfactant coating 206 on the
nanoparti cl e@@z]o@hervﬁq@fr@gqnwurfaﬁ@ﬁmaé ¢satibesbefoid, erepins nanayaistigldhaviog

sol vents. Tmrga@@wfa&@ﬁ%eﬁéh}qa'oh%ah%ﬁ P90 AN B ndiILElL e S!urrd es

and pastes for spray-on S|re appl i cation.
Sui t abl e sol spdublesingiaeh orgenie sblaierss. ThlSSidpfmqgamly llorAJhe famedasive of pohttene, as

wel | as addi ] be.used for a
vari ety of a%%ﬁ?%g%%%ﬁEaﬁfggéﬁkéfés&%ékéngE&éﬁggg%#ﬁld% ¥%K%%ﬂbxanple of
sol deri ng anSwfabletseluentcsuch apaiheot, isopm@amalﬂ)d) (aeetgne, toﬂuel?é;a); weHiang a
nanomat eri al _ i rdan with ertaln ura 0 the present

di scl osure. %Mhﬂef%ggas2“%6?8@¥F%gm3$8?%?58ﬂﬁ’ 4%@?V§ﬁﬁ%:€onponent i's
attached t o appbaaivss. by sol dering contact points (e.g., pi ns, bond pads) of

t he conponent to the board. [063] FIG 3A shows a nanomaterial |ayer 304
conpri sing nanoparticles 200 applied between an el ectroni c conponent

surface 302 [ascq FIbs 4] 3Bond 3ganlus8xeﬁ an ER@nplaplPRItih€Adet@RicRaMmporRnCOr €
202, an anndggg S shellpﬁg¥ 204 and a surfactant coating 206, as

previ ousl y ddgewi PHB} ingpanppateriel, 1n2ccoe/@ﬂnF%thhéerﬁah@a§gW¢qnés 200 in

FIG 3A are hiredent &@Y&u@pﬂr&%plﬂﬁkﬂhé’rlmraﬁb@HEEl%Etron'ld‘bogﬁ)Bﬁé}ﬁb the
nanonmat eri al | ayer 304 may nprise of nanoparticles 200 having a range of

di amet ers ( etigehedig b\%%bw%@?amgeomﬁw%tw &) pinsfhenchpaderafites qosiponesyer 304
i s then heatigghdiRatdhe fusion tenperature of the nanomaterial. The nanol ayer
304 may be heated using a |laser, a rapid thermal annealing (RTA) system or
other well known techniques . [064] FIG 3B is a conceptual block diagram

ilTustrati HQO@ﬁe%%NS}%%%%En&ﬁatﬂ' £t QQSOKQSmWE%e{r@%esl%% %94 In the

illustration, the surfactant vapora away ue to the
el evated t erb&é)l@n@n electeonpmnvgn@heurﬁqe B2 rahpdoa@Bdndipatl 308. The

nanoparticles 200 have a core 202, an amorphous shell layer 204 and a surfactant
coating 206, as previously discussed with respect to FIG. 2. While the nanoparticles 200
in FIG. 3A are shown to have approximately same diameter, in general, the
nanomaterial layer 304 may comprise of nanoparticles 200 having a range of diameters
(e.g., between 2 and 20 nanometers). The nanomaterial layer 304 is then heated to the
fusion temperature of the nanomaterial. The nanolayer 304 may be heated using a laser,

a rapid thermal annealing (RTA) system or other well known techniques .

[064] FIG. 3B is a conceptual block diagram illustrating exemplary effect of heating
the nanomaterial layer 304. In the illustration, the surfactant 206 has evaporated or
melted away due to the elevated temperature, exposing the shell layer 204 and
nanoparticle cores 202 in a transitional layer 306. Note that because the surfactant 206
has evaporated, the component surface 302 and the board bond pad 308 now may be

physically closer to each other in comparison the configuration in FIG. 3A.

[065] FIG. 3C shows exemplary configuration showing the component surface 302

soldered to the board bond pad 308. In the illustrated configuration, the soldering layer



nanoparticle cores 202 in a transitional |ayer 306. Note that because the
surfactant 206 has evaporated, the conponent surface 302 and the board bond
pad 308 rwo2omysbs7physically closer to each other in cecparse@onsishe
configuration in FIG 3A [065] FIG 3C ()shows exenpl ary configuration

showi ng the conponent surface 302 sol de}ed to the board bond pad 308. In
the illustrated configuration, the soldering |ayer312 conprises a

rel ativel y htdsgenbses aceatnebt hopogergps costugtivedpyee d1 blprmeddiydhsiof of the

anor phous sfghdi | RYSicH 1206 R ok 12 ARNARRIL G) 65 BALANE 1 RapxROSUr e o heat

and nanoparticle cores 200 enbe 1 i'n the conductive layer 314.
Because t he nahepdrtidlagasess209@mbpddsd maothin the paduétive dayar hWdnBepenssube gelduct i ve
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t he sol deri ngldesinpthmat esilalin Aayaleohdative did rélatialy siohgeldenigg jdine (i ncl udi ng
heat application tinme) is relati short (e.q., to 2 mnutes), since

t he nanopart]er&dt ﬁﬂ%‘éf”r&‘é? g&%’ﬂitgﬁo?ﬂaréﬁﬂngpf‘%}qgn part due to the

nanoparticles 200 having an extrenely small radius of curvature, forci Blg
the atons | o ed in that surface_shell into a thernodynam cally unstable
st at e. Theseﬁjf%s %Qlt’éff‘%} V*}nfaéﬁéf@’eﬁﬁﬂ?r&gy’aﬁ‘fmf}tﬁwl P’éﬁ%%ﬂ’éfttﬂ? Bilesul ting in
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| attice state [067] Hi gh performance sem conductor int egrat ed circuits
(1Cs) and compéHeiracrFitiient poncakirey 1apidly hbis iain Pit deriodhe RReREtidY| ces can
typical Iy widgdshangaf difelnbly SWISXRASH B Rrd) kIBRE ﬂ%@%femlgﬁééa;&%& gefore

degradati on such as dopant redi stribution occurs: ow fuslion

t enper at ur e HsfpRechelbinta Hiderppdyraieslyanstpblp siaalleage arstrdleditans ligyeBer t ai n
aspects 0f thHGIRLERAEmIlaGOSHithe/if MR AR WSEpRhoRNGR, panomaterial safe

by reduci ng ances of I nadvertent” overheating o ectroni c conmponents
during sol deth¢rmydyfagd®ily Flo® stabl¢ bully laftticgwtagchart of an exenpl ary process of
sol dering an el ectronic conponent to a circuit board. At operation 402,
sol dering paste conprising

[067] High performance semiconductor integrated circuits (ICs) and components

frequently have low thermal budgets. These devices can typically withstand fairly low
exposure to higher temperatures before degradation such as dopant redistribution
occurs. The low fusion temperature aspect of the nanomaterial fabricated according to
certain aspects of the present disclosure render the use of such nanomaterial safe by

reducing chances of inadvertent overheating of electronic components during soldering.

[068] FIG. 4 is a flow chart of an exemplary process of soldering an electronic
component to a circuit board. At operation 402, soldering paste comprising
nanomaterial is applied between an electronic component and a circuit board. The
nanomaterial may comprise nanoparticles 200 covered in shell layer 204 and
surrounded by a surfactant coating 206, as described with respect to FIGS. 3A-3C. At
operation 404, the soldering paste is heated until the surfactant evaporates, enabling the
nanoparticles 200 to fuse. The heating may be achieved by, for example, heating with a
conventional oven or a more advanced laser. As described with respect to FIGS. 3B and

3C, the nanoparticles 200 fuse into a layer 312 when the surfactant coating 206



nanomaterial is applied between an el ectronic conponent and a circuit
board. The nanomaterial may conprise nanoparticles 200 covered in shell

| ayer 204warndicgso4sounded by a surfactant coating 206, agcaaseombeds th
respect to FIGS. 3A- 3C. At operation 4 fl the sol dering paste is heated
until the surfactant evaporates, enabling the nanoparticles 200 to fuse.
The heating may be achi eved by, for exanple, heating with a conventi onal
oven or a noPaPURcHTE Bl avey allveng fxmationef afision ke 3 tAtoperri@i063B and

3. Lhe nanaRandiifs 63dAE phoR IRk @ bANEbm3Hs WORR if PEIBYEFGhANt cOat] ng

206evapor ates (or s) away all ow ng or mat 1 on usi on yer 312. At
operation 4d?61ngtfh’énqﬁ1é2§t"i’qﬁfg t@cﬂl@épmﬁgorpmet and thel diroviebard(egasbndigtire.  Thi s
results in quyse(pggﬁn b@i nt being formed between the el ectroni c conmponent
and the circ oar (e.9., conductive layer 314 in FIG 3C). [069] In one
aspect, the additional advantage of the nanomaterials of the present
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assembly of ¥FARTF §°l§°é éi‘?é%‘r?{)fab”‘iﬁ‘ltedl ysrgdhetapameterialy ofithe RN scret e

conmponents, dicldsti akd eed td 9106t clddi@ni¥ReMPBAME! to b PliRted BiFRAREMIINE Gspett, a
nanost r uct ur ed copper and copper / alum num all oy phases are robust because

they are relPAW{SHSIGUI Ry rErie & irqu boaid; GiFGuE S8MPefcRsAREIRIbSNL CHEYIS i ni shes

and process aﬁaaammwﬁmegﬁu@bcffmgﬁ@d&@&e@&nml%@%%q&eand i sotropic
nanostructured material with fairly well-known constitutive relations. In

certain configurations, it is possible to fabricate nanomaterial that is

highly compapifyl analeBhdbal ﬁﬂ)tt p%gérqgg (quﬁ%&?rhagxga tc%ﬁ)@} éﬁdr@o / s0ARRGS such

as solder pad sizing and pi't y have curren design tools and
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certain applications
and isotropic nanostructured material with fairly well-known constitutive relations. In

certain configurations, it is possible to fabricate nanomaterial that is highly compatible
with current soldering methods, only minor changes such as solder pad sizing and pitch

may have be made to current design tools and methods.

[071] Nanomaterial fabricated in accordance with the present disclosure can be
advantageously used in a variety of applications. In certain applications, the
nanomaterial generated in accordance with the present disclosure may be used in
manufacturing of printed circuits for solar cells. A typ’ical solar cell assembly comprises
electronics on a flexible substrate. Initially, a circuit may be prepared for printing on the
flexible substrate, either by directly rendering the circuit on the flexible substrate or by
preparing a photo mask for the circuit. Copper or aluminum nanomaterial fabricated
into a paste may then be applied to the flexible substrate and “etched” as needed. The
“etching” operation may be done as follows. First, a layer of the nanomaterial may be
deposited on a surface. Next, a desired conducting line of the printed circuit (circuit

lines) may be traced by a heat source such as a laser. The laser causes nanomaterial to



nanomat eri al generated in accordance with the present disclosure may be
used in manufacturing of printed circuits for solar cells. A typical solar
cel | assewbl2gi0030qsri ses el ectronics on a flexibl e subst Parais200i0sdisas |y, a
circuit may be prepared for printing on_the flexible substrate, either by
directly rendering the circuit on the ff®xi bl e substrate or by preparing a
photo mask for the circuit. Copper or alum num nanomaterial fabricated into
a paste may hdabup todisdpspin teiperatuteh thefeby rydpbratisgiths surftctantorothe tecch didd, as
needed. The y t e I Fir Iayer of

t he nanomat er?‘gﬁg Mﬂ% dbchIgééagél? e%%\cl)lﬁgaltgﬁl? Ea%%rec%éedqmm es?élgs conductl ng
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| aser, the radienbsigd haanaBicabivaht Wil comsheaikseléd Rioha®adli ng vvnth a suitable
sol vent. The washed off sol ution/ m xture/paste may then be collected and
re-used |ater to deposit a | ayer of copper nanomaterial on another board

because the @oi]veanteiin hppliesioad, %d’doﬁ?@'n‘dﬂ%df@f&@ﬂiﬁ& B¢ i@h to dBigRLirdukscertain
appl i cations, the copper nanomaterl a be used desi gn circults using
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nanomat er i al nAB%aRRaldhsHbeluledi b BitckibR '{lthﬁe*bbhﬂﬁ oa:ﬁésb vE Yhe! cQ ssol ve the

copper nanonmaterial to'create a &{eSt e of desired ness e past e nmay
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may facilitate iPrect “printing tsS on a suita printi
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t echnol ogy i &bk Hﬁ%% agemﬁ gﬁea)%%%h%a ea}%g;g %&u&%o‘é@) various aspects

descri bed bel ow. ‘es are p oVl for convenience. These
are provided as exarrpl es, and do not limt the subj ect t echnol ogy [074] In

one aspect, 0 n SUI abl e | ead-
sol deri ng ofﬁ7+ lect r ol %ecgtgﬁb Oé?%fs 1%@9{68’0 ?’faglé’ ¥ acc?8rpﬁjﬂ)‘¥grt° H%{hodlﬁg?ﬂeftél e
mat eri al , t hieseritedpalbtvi Nuenbered clauses are provided below for convenience. These are

provided as examples, and do not limit the subject technology.

[074] In one aspect, a low melting point composition suitable for lead-free soldering
of electronic components may comprise a copper nanoparticle material, the nanoparticle
material being dispersed with a solvent, the nanoparticle material having an average
particle size equal to or less than 5 nanometers (Cu), where the low melting point
composition is capable of forming a soldering joint. The solvent may be

tetrahydrofluran.

[075] In another aspect, a low melting point composition suitable for lead-free
soldering of electronic components may comprise a aluminum nanoparticle material, the
nanoparticle material being dispersed with a solvent, the nanoparticle material having an
average particle size equal to or less than 10 nanometers (Al), where the low melting

point composition is capable of forming a soldering joint.



material being dispersed wwth a solvent, the nanoparticle material having
an average particle size equal to or less than 5 nanoneters (Cu), where the
| ow nel t iwQ 2pmvasv4sconposition is capable of form ng a secaaszeig/opodnt. The
sol vent may be tetrahydrofluran. [075] anot her aspect, a low nelting

poi nt conposition suitable for |ead-free” soldering of electronic conponents
may conprise a alum num nanoparticle nmaterial, the nanoparticle materi al

bei ng di sper W@l wit yet ancflgragneet, thedew mehgaeint edrepasiior piagicompiiseng an aver age
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mel ting point conpositionis ca ormn ering joint.[076] In
yet anot her gisgeichan zehe ih the380Vd mgpquidem endcbeposining /-y coopymiigse al uni num
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and/ or organi c_.aci ds as C{EI ux, from acetic acid to hexadecanoic acid. [077]
Those of ski¥Ftg 39 ipdexgdecagigiagidappr eci ate that the various illustrative

bl ocks, nodul es, el enents, conponents, nethods, and operations descri bed
herein may be i nmpl enented as el ectronic hardware, conputer software, or

conbi nat i onsl8f] pidose ofiskill ia fherast wouldgrprasiatathatthovarioys Bustatine blegst ed as
el ectroni ¢ hapgMar 8emEATRHMBENAR! MUBER,; arfdlope ARG BEShREin m%% Be TO
illustrate this interchangeability of hardware and software, various
i 11 ustrativemplesedaied appigeiranis hasdvene sowputeivfvaenescompinationsf bethdFel gor i t hns
et her such FURGT TSnal f 0 as Bt TR ot ARt ORS¢ Yopends
upon t he parsoifiateapr copplinatians avothn d odibussirgta tide imgdrelangraabilitngfdseldvasmnthe
overal | syst s%@&val%ifurloﬁg illustrative blocks, modules, elements, components, methods, and

algorithms have been described above generally in terms of their functionality.

Whether such functionality is implemented as hardware or software depends upon the

particular application and design constraints imposed on the overall system. Skilled

artisans may implement the described functionality in varying ways for each particular

application. Various blocks may be arranged differently (e.g., arranged in a different

order, or partitioned in a different way) all without departing from the scope of the

subject technology. For example, the specific orders of blocks 102 and 104 in the

process illustrated in FIG. 1 may be rearranged, and some or all of the operations may

be partitioned in a different way.

[078] It is understood that the specific order or hierarchy of steps in the processes
disclosed is an illustration of exemplary approaches. Based upon design preferences, it
is understood that the specific order or hierarchy of steps in the processes may be
rearranged. Some of the steps may be performed simultaneously. The accompanying
method claims present elements of the various steps in a sample order, and are not

meant to be limited to the specific order or hierarchy presented.



artisans may inplenment the described functionality in varying ways for each
particul ar application. Various blocks may be arranged differently (e.qg.,
ar ranged wo 2aio0di3b48er ent order, or partitioned in a diffecents2eupy4sas |

wi t hout departing fromthe scope of the gubject t echnol ogy. For exanpl e,

t he specific orders of blocks 102 and 164 in the process illustrated in
FIG 1 may be rearranged, and sone or all of the operations nay be
partitioned in a different way. [078] It is understood that the specific
order of M CfoasCdheGhe RRRE P pRARES REGRLITLAEASALIIBY Bnd bt HOT T L1 ON
of exenpl ary approaches. Based u pﬁ design pre?er nces, 1t Is understood
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herei n. The ppetd. dilss,dbsdainptaramt pradediesheviatiied tsthe ¥speph siovwafhetdie bsubj ect
technol ogy, and the subject. technol.o i. of limted to these exanples.
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skilled in tfenaleinentifithd ditzuie iatok Mtgptédointag Sobeint B8 oner @ilks My be
applied to othe pects.. Thus, the claing are not intended to be |[imted
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consi st ent Weinh“dohRe” kFOGUAGR o InRirdTERroNIRE B the MASANIANEE., hR) AVIuGE gEENt in the
singular is pot .intended to nmean "one and only one" unless specifically so

stated, but FB{HREardgREReerde (@ 8s heninddy) apgaice vrical Hsadigasm ot her wi se, the

term"some” §8h&tmed, Gf H9Care liscdTbLonEnRRELIARy bl IRt TRIGH P&t 9- . hi's)

i nclude the fem nine and neuter gender (e.g., her and its) and vice versa.

Headi ngs and subheadings, if any, are used for convenience only and do not
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used, and blocKs in 1llustrations as drawn on top or bottom of another

bl ocks i n t hasgirayinsesl top er bottooefl agotber hievde irsthivalibc sure eficaitd henpderstoadasar bi trary

frame of ref SRAGS : ' I [ . frame of

reference. hﬁes ,l aota{ég}bg%{rr g%ggg%nlgfeg&g%? %tgénﬁq%trjnﬁ? g{cegowri#é%g' ggatggl%mélpwar dly,
frame of reference. Thus, a top surface and a bottom surface may extend upwardly,

downwardly, diagonally, or horizontally in a gravitational frame of reference.

[081] A phrase such as an “aspect” does not imply that such aspect is essential to the
subject technology or that such aspect applies to all configurations of the subject
technology. A disclosure relating to an aspect may apply to all configurations, or one or
more configurations. An aspect may provide one or more examples. A phrase such as
an aspect may refer to one or more aspects and vice versa. A phrase such as a
“configuration” does not imply that such configuration is essential to the subject
technology or that such configuration applies to all configurations of the subject
technology. A disclosure relating to a configuration may apply to all configurations, or
one or more configurations. A configuration may provide one or more examples. A

phrase such a configuration may refer to one or more configurations and vice versa.



downwardl y, diagonally, or horizontally in a gravitational frame of
reference. [081] A phrase such as an "aspect"” does not inply that such
aspect i swoxsani3d#Z7 to t he subject technol ogy or that sech/iss@eosssapplies
to all configurations of the subject teggnol ogy. A disclosure relating to
an aspect may apply to all configuratio or one or nore configurations.
An aspect maﬁ/ é)r ovi de one or nore exanples. phr ase such as an aspect may
refer to one 08¢ nbeavaad peemplagyids vied dierpirte meam“ssineses aggsdmple on
"configurati 8 » to the
subj ect tech%g?tglggﬁor&g%s éthﬁé @ %ggéhat ?éc})élbsg%%%lg& %&gfﬁ&g%%ﬂ ?lgt;ur ations
of the subj elegconsirisdes m@@rreAOU@Cb'@mt@Mtleoveeb&tn asgeCtsmrales}gmfl guration may
apply to all configurations, or one or nore configurations. A configuration
may provi de one or nore exarrpl es. A phrase such a configuration may ref er
to one or rmi083]c okt stglsrtlmallamhﬁmatmv:halmple/atbetss(ath[e@&ﬂa]enfﬁ Ioéthemmdousesqﬁntpl ary" is

used herein rvi as, an ustr aspect or
desi gn descrl (r][)% ﬁnhmu o tﬂg dlsélﬁ%tfaﬁt?%?%"%‘m Orrt%tﬁr X3 F?E?Od’v o8hst r ued
as preferr edofmrdlaai‘yaklllalgﬂrelast ae/@ipreddl @rcopspedthsredr byd@&k@ﬂéand[e@@ﬂ Al l
structural functi onal ui val.en t he el e e various
aspect s deSCWFeBgd{}PﬁfFSIEFé)H)(%% Wp{@eafaget gg’?ﬁ"%vef H’Qf ‘g q%?fSé\H CTSR Y at er come
to be known in@nldias ®c aédicutadi to@ieypublid tebariRsd dfevhathtr AR dBXBSESS k¥plicitly

i ncor porat ed herei reference and are intended to be encorrpassed by the
claims. Mor 5% ﬂ’tﬁt ?‘lﬁ"ﬁﬁ I§? elimyelegends gibg cpustpert widgle provisiongeldocat ed to

the public regar.dhessixaf pah@ighelinlssd et kit %%Hﬁr@sslysreét%ﬂldsﬁlgrtﬂe)bhfa%:' ted in
the claims. No claimelenent is to be construed under the provisions of 35

U S .C 112, ™5t Rrpefy Bdhasase olmmetbed ¢lnis, éleckmnt tssece%lde%&thyphre%ﬂ ted usi ng
the phrase " Q&’fﬁfrtheﬁ’ﬁore 't@tlfel‘éﬁteﬁﬁﬁﬁ tlQJtel"ih ﬂﬁélﬂ&d’ ‘(hla@é e thd Rk B s
reC|ted using the phrase ' step Furt her nor e, he extent t at the
term "i ncl ud@ the deggripsion opfhe elgins, F‘t@é tgrm lﬁumdﬁdﬂotbhencdt@mnn pmakeror t he
clalms suchsgﬂggr{blt@& ) lar to the
Cerm conpr i Saririo U it ROARHch s Monlghl UF Lok B ARGyl )

transiti onaltramttldnalwoad wlazilatmCLAI M5 WHAT IS CLAIMED IS: 1. A conposition,
conpri si ng:



metal nanoparticles, said netal nanoparticles having a dianmeter of 20
nanoneters or |less but greater than zero, said netal nanoparticles
conpri si yoaomappesr or al um num nanocores, sai d conposi ProSkawiosg3mn f usi on
tenperature of |ess than about 220 0C. 2. The conposition of claiml,
conprising: an organic surfactant coatiﬁ% said netal nanoparticles nmaking
the conposition soluble in a solvent. 3. Aprinted circuit conprising a
conductive line having the conmposition of claim1. 4. A nethod of
fabricating a nanomaterial, conprisigbtAPME&paring a sol vent; adding a
precursor to forma solution, the precursor conprising a netal, said netal
bei ng one of g%uni um .Qr co? er; adding a first surfactant to the sol ution;
mxing in a EJ%&%E@(D §t a mxing rate, with the solution until
synptons of nanoparticle formation occur in the solution; and adding a
second surfactant to the solution to stop nanoparticle formation and

aggl omeration af tler t KecouneptionoBPrisidgioparticle formation occur. 5. The
met hod of claim4, wherein the precursor conprises copper, and the

operation of prepadthii@ncbafiRledSiald REAMHahSRRICRE BRAR NBiaRe®PbMBNt CONPri sing
tetrahydrofluran. 6. The nethod of claim4, wherein the precursor conprises

copper, and RaREMEISESCAISSHPItEFeals Hiop g8, BidIRRlIgRORAKiflASICOWRIIURER ¢RFPENe or

mor e of copp&rahhﬁhm%an&eﬁp,%aid%ﬁﬁ;a&@on &QBE%rfus?&ﬁEﬁ SarfQRN&S k! phat e,
copper formate and ,copper oxide. 7. The nethod of claim4, wherein the

precur sor coﬂﬁﬂﬁ@@sccopper, and the operation of adding a first surfactant
conpri ses addi ng one or nore of trioctyl phosphi ne oxide, phosphine, a

sul fate and a sulf onatre c&npokhiRn®etBRd1,Qomlighdn 4, Wherein the precursor
conprises copper, and the

an organic surfactant coating said metal nanoparticles making the composition

soluble in a solvent.

3. A printed circuit comprising a conductive line having the composition of

claim 1.
4, A method of fabricating a nanomaterial, comprising:
preparing a solvent;

adding a precursor to form a solution, the precursor comprising a metal, said

metal being one of aluminum or copper;
adding a first surfactant to the solution;

mixing in a reducing agent, at a mixing rate, with the solution until symptoms of

nanoparticle formation occur in the solution; and

adding a second surfactant to the solution to stop nanoparticle formation and

agglomeration after the symptoms of nanoparticle formation occur.

5. The method of claim 4, wherein the precursor comprises copper, and the
operation of preparing a solvent comprises preparing a solvent comprising

tetrahydrofluran.



operation of mxing in a reducing agent conprises mxing in a reducing
agent until the solution changes color. 9. The nethod of claim4, wherein

t he m xi ngoratoen3bs3 a val ue | ess than or equal to 1.5 nPClriuseaoensssper

m nute. 10. The nethod of claim4, further conprising: drying the precursor
to avoi d oxidization due to exposure to isture and airoxygen. 11. A

nmet hod of sol dering an el ectronic conponent to a circuit board, conprising:
appl yi ng a sol der.ng ﬂésneﬂwdnﬁdhmiﬂgwaﬂmaW©m&mwsmabmméMm@qnmthﬁd&kectronic

conponent an t mat er i [is Iurallty of
nanoparti cl e%e}%§P§E%®m§ athgC%rsorc % Ses ﬁl%eoélf: PWEO?@ ZB H%a%dﬁﬁg%pa& e until
t he surf act amtratepdopper@eise, rtgppeheulplhamf abpﬁeyfmhatamnbmpérloaldes to fuse; and

al  owi ng the heated sol dering paste to cool down to forma soldering j oi nt

bet ween t he el ecty oni it rd. .12. The hod of
claim 11, mherelﬁfthe%g% ra88§g&8 4RQ§K%R&E§Kngg§§ gg?Fﬂ)eﬁang a |l aser.

13. A conposoperasion oﬁaﬂvlprg asiirstgsurfamm aompnslee sddmgmne ios mogg of tid@ppetosphamocor e,
an annrphousmgky shew ), ¢ I§ ganlc surfactant coating, said
nanoparticl e %aB 8 eﬁfﬁ#%?@? B fianoneters or |ess but greater than
zero. 14. A prlnted circuit conprising a conductive |ine having the
conposi tion of cl&i m I8¢ mtod Phelaipohpdsidin tha poburssraiompii®s cupper, enditht he

f . amni
phoaphino. - 18 h oF BN ARl Gy B S b PR e BRBE RN or rore

of triethanakmnmnehmgeemmn acid and hexadecanoic acid. 17. A nethod of
manuf acturing a printed circuit conprising:

9. The method of claim 4, wherein the mixing rate has a value less than or

equal to 1.5 milliliters per minute.
10.  The method of claim 4, further comprising:

drying the precursor to avoid oxidization due to exposure to moisture and air-

oxygen.

11. A method of soldering an electronic component to a circuit board,

comprising:

applying a soldering paste comprising a nanomaterial between the electronic
component and the circuit board, the nanomaterial comprising a plurality of

nanoparticles surrounded by a surfactant;

heating the soldering paste until the surfactant melts causing the plurality of

nanoparticles to fuse; and

allowing the heated soldering paste to cool down to form a soldering joint

between the electronic component to the circuit board.

12. The method of claim 11, wherein the operation of heating comprises

heating using a laser.

13. A composition, comprising:



applying a nmetal nanomaterial conprising a surfactant to a surface;
tracing, by a heat source, a circuit line of the printed circuit on the
surface, weaidivmes7ng causi ng the surfactant on the traeeu/us2oooms4s3si ne to
evaporate; and treating the surface with a solvent to cause the untraced
metal nanomaterial to wash off. 18. TheZfrethod of claim 17, further
conprising: collecting the washed off solvent for a later use. 19. A
conposi ti on conprasopagicddoppmprisng ateppemanvead) op andipbbissilumihen ehell aahout

30-50% of the c er. Qor. al um num. nanopar.ticles has a_ di ter of 20
nanometers of (frggs%‘gc uﬁ@“ﬁ‘?tézg?%nrg’ than 2 aﬂéc,lesgt}?&m? ﬁ'gl eﬁeéioﬁ?ﬁﬁan%‘?gﬁ%r of the
copper or allgssutipieaanithpardro.cl es has a di aneter greater than 20 nanoneters.
20. The conposition of claim19, further conprising one or nore of
triethanol am ne, ?‘f.et IACpr%l%adci%ﬂg cgnell)o(r?sclinegcaac%ga&ctigcc 1irclie' having the composition of

claim 13.

15. The composition of claim 13, wherein the organic surfactant coating

comprises at least one of an amine and a phosphine.

16.  The compdsition of claim 13, further comprising one or more of

triethanolamine, acetic acid and hexadecanoic acid.
17. A method of manufacturing a printed circuit comprising:
applying a metal nanomaterial comprising a surfactant to a surface;

tracing, by a heat source, a circuit line of the printed circuit on the surface, said

tracing causing the surfactant on the traced circuit line to evaporate; and

treating the surface with a solvent to cause the untraced metal nanomaterial to

wash off.
18.  The method of claim 17, further comprising:
collecting the washed off solvent for a later use.

19. A composition comprising copper or aluminum nanoparticles, wherein
about 30-50% of the copper or aluminum nanoparticles has a diameter of 20 nanometers
or less but greater than zero, and the remaining 70-50% of the copper or aluminum

nanoparticles has a diameter greater than 20 nanometers.

20.  The composition of claim 19, further comprising one or more of

triethanolamine, acetic acid and hexadecanoic acid.



