WO 2013/ 017885PCT/ GB2012/ 051876 1 Sol der Conpositions The present invention
relates to a sol der conposition, in particular to a | ead-free sol der
conposi t iwo.20iBna7@sl der conposition is conprised of twoPaI/GR2IE/A(SMETPONENt S
to provide inproved characteristics tolthe solder. Lead-free solder alloys
are well known and provide non-toxic alternatives to the nost w dely used
solder alloy - eutectic 37%b-63%n alloy. Exanples of such |ead-free

al l oys include the binary eutectic 58%Bi-42%n all oy (see, for exanple, US
5,569,433 B) and the binary 40%Bi - 60%5n all oy (see, for exanple, US

6,574,411 A). Such alloys exhi bid|yar CB@o%ftio%C“ lity at high strain rates,

whi ch can be inproved by the a anounts of additives, such
as up to 1% by weight silver (see, for exanple, US 5,569,433 B). However,
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Accor di n&ﬁo\ﬁ%c{]ere c'é?oa desire for a solder conposition that will overcone,

or at |¢€ 'ina%ﬁ %}P@Sﬁr all of the problens associated with the
solders of the prior art or at |least a useful or optimzed alternative.

In order for such lead-free alloys to be used in soldering methods such as wave
and reflow soldering, the alloys must exhibit good wettability in relation to a variety
of substrate materials such as copper, nickel and nickel phosphorus (“electroless
nickel”). Such substrates may be coated to improve wetting, for example by using
tin alloys, silver, gold or organic coatings (OSP). Good wetting also enhances the
ability of the molten solder to flow into a capillary gap, and to climb up the walls of
a through-plated hole in a printed wiring board, to thereby achieve good hole filling.

Furthermore, solder compositions need to exhibit a good thermal fatigue life and
decreased high temperature creep. Improved ductility and thermal and electrical
conductivity are also desirable. These properties can be achieved by selecting a
specific solder alloy if one is known, or through the use of specific additives.
However, it would be advantageous if the properties of existing commonplace
solders could be adapted to provide these benefits without requiring alternative
solder alloys to be developed.

Accordingly, there is a desire for a solder composition that will overcome, or at
least mitigate, some or all of the problems associated with the solders of the prior
art or at least a useful or optimized alternative.



WO 2013/ 017885PCT/ (B2012/ 051876 2 According to a first aspect, the present

i nvention provides a solder conposition conprising a blend of a first
powder cowpansti7esnd a second powder conponent, wher ei nPCh&GH2 240518760 Wder
conponent is a first solder alloy and 2he second powder conponent is a
second solder alloy or a netal. The present disclosure will now be further
described. In the foll ow ng passages different aspects of the disclosure
are defined in nore detail. Each aspect so defined nay be conbined with any
ot her aspect or aspects unless clearly indicated to the contrary. In
particular, any feature indicated as being preferred or advantageous may be
conbined with any ot her feature or features indjcated as being preferred or
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cont act keiggd escfeubd@riegdvaniegeovser hi gh contact angles. The term "wave
sol dering"” used herein refers to the | arge-scale soldering process by which
el ectronjc conponents are soldered to a printed circujt board (PCB) to form

an el ect themaseldes@joy” ygsdbharginrergssperivaize metaalipygvith a melting
point in the range of from 90 — 400 degrees C.

The “Charpy impact test” referred to herein, also known as the Charpy v-notch test,
is a standardized high strain-rate test which determines the amount of energy
absorbed by a material during fracture. This absorbed energy is a measure of a
given material's toughness and acts as a tool to study temperature-dependent
brittle-ductile transition. Further details regarding this test can be found in Charpy
Impact Test: Factors and Variables, J. M. Holt, ASTM STP 1072, the contents of
which is hereby incorporated by reference.

The term “wettability” used herein refers to the degree to which solder spread on a
wettable surface. Wettability is determined by surface tension of the liquid solder
and its ability to react with the wettable surface. Wetting can also be described in
terms of the contact angle of the molten and subsequently frozen solder alloy on a
substrate, with lower contact angles being favoured over high contact angles.

The term “wave soldering” used herein refers to the large-scale soldering process
by which electronic components are soldered to a printed circuit board (PCB) to
form an electrical assembly.

The term “reflow soldering” used herein refers to the process where solder paste is
printed or dispensed, or a solder perform is placed on the surface of a printed



3 circuit board, conponents are placed in or near the deposited sol der, and
the assenbly is heated to a tenperature above the |iquidus of the sol der

al | oy. Theoterami17ssare earth el ement” used herei n ref ersPCO/GBRE/BENEIAT
selected fromSc, Y, La, Ce, Pr, Nd, Pm Sm Eu, GJd, Tb, Dy, Ho, Er, Tm Yb
and Lu. Al percentages herein are by weight unless expressly stated
otherwi se. Preferably at | east one of the powders is spherical, preferably
both. That is, at |east 90% of the particles have a length-to-width ratio
of less that 1.5. Preferably at |east 95% nore preferably at |east 98% of
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preferabl 1 to 50 microns. The diameter measurenent refers to the | ongest
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appreciated t hat t he conposition according to the present
Particle roundness influences paste viscosity and the tendency to shear. Spheres
offer less resistance to viscous flow compared with particles of irregular shape.
Accordingly, paste made from the same flux and spherical powder will have lower
viscosity than those of the same weight percent and patrticle size range but of
irregular shape. One possible advantage with pastes of the latter appearance is
that they are less likely to shear thin when screen/stencil printed at high speed and
constant squeegee motion. Interlocking of the powder reduces paste flow out.
Reduction of shear thinning is important because it will prevent slumping and
smearing which can result in solder bridging and solder balling.

Preferably the solder powder particles are from 1 to 100 microns in mean diameter.
More preferably the particles are from 1 to 75 microns in mean diameter, most
preferably 1 to 50 microns. The diameter measurement refers to the longest
diameter of the particle. Preferably the powder particles of both the first and
second components are substantially the same.

Preferably the solder composition consists of the blend of the first powder
component and the second powder component, together with unavoidable
impurities. It will be appreciated that the composition according to the present



WO 2013/ 017885PCT/ GB2012/ 051876 4 invention may contai n unavoi dabl e
inpurities, possibly as part of the first and/or second conponents,

al t hough,woreot3gna88s t hese are unlikely to exceed 1 w % @CTIGB20R00F8Ysi t i ON.
Preferably, the alloys contain unavoidable inpurities in an anount of not
nore than 0.5 wt % of the conposition, nore preferably not nore than 0.3 w %
of the conposition, still nore preferably not nore than 0.1 w % of the
conposition. Preferably the solder conposition is lead-free. This allows
the conposition to conply with regulatory requirenments. The inventors have

di scoverigGbitiimt mb? cbﬁta(?ﬁ’%lﬁb%laai)l% |ﬁfﬂﬂfrlﬂ§§rp6§§‘1"olﬁfa§%ﬂ Nah 8%l dHdl/or

t enperat ure, he mechani cal, el ectrical and thernal properties of a
refl omecﬁ%@ﬂa&omwwt%ataétneaeh igdp@brthgse 8iF HH'HY%Y iexegedbiiérd then
parti CU|(ﬁfmpdé‘it€R)n rwrefdrablsy thavaslloys Sonvsn e albidbbr impurities iPhntamowit ofor e

sol der al | o usef u arti ere the fjr and
second JtauereuPaB IS Wit Shg BREitiion Frdtf rafere @l ngl i o b

refl ow, aftihelcogpesitiop, stll enope pkefeshhe nat moee dfarabdwet% béthe cumpositiof. t he
|l ower nelting alloy but below the solidus of the other powder, the high
tenperature all oy powder particles dissolve quickly into the |iquid phase
of the IR¥Ri¢raklyengseidergomposiien isneadreen dhisraignestbesonpasitiasnivosi tion of

the sol dgympl§ vath @@b}g@@a@qumgmeﬁtg s makes the solidification process
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Pr ef er ablhe inrentoes hiang dizzioneeddihbt #iis pyssiblel to asigirte@r thd effeptivef melinlgy t he

mel ting thHp%ﬁtuP% feTn%*thBymé‘&hérﬁéaﬁtelég r‘Eal Jﬁc?tr%rgﬁatl ?ﬁ%ﬁ Qbfé%ﬁ&ﬁgd' :

mel ting poi'n teri 8{fcs are that
can be dsidemsing Bt@:ﬂdﬁﬁbswdemllmaworm’e@ldmwdms Pr ef erably the first
and second sol der alloys conprise at | east one conmon el enent. This
facilitates a quick dissolution of one alloy into the other at tenperatures

cl ose t dNdRrdGHR%: theIVEDkS heve Wisaeverrd tt'“laﬁé RsFUTe b twe 98 NRretItde]| | oys.
Pr ef er aldilpys epaiticl@lytusend. Bopartoulal,emisre the firdttand second solder alloys

have different melting points, during the first reflow, which goes up to a peak
temperature of above the liquidus of the lower melting alloy but below the solidus
of the other powder, the high temperature alloy powder particles dissolve quickly
into the liquid phase of the low temperature alloy.

As the mixing progresses, the composition of the solder is quickly changing. This
makes the solidification process highly nonlinear because the liquidus temperature
of the mixed composition is also continuously increasing until the alloys are
completely mixed.

Preferably the melting points differ by at least 5°C. More preferably the melting
points differ by at least 10C. The greater the dif ference in melting points, the more
pronounced the improved characteristics are that can be obtained from the known
solder compositions.

Preferably the first and second solder alloys comprise at least one common
element. This facilitates a quick dissolution of one alloy into the other at
temperatures close to or sometimes even below the melting point of one of the
alloys. Preferably the at least one common element is tin.



WO 2013/ 017885PCT/ GB2012/ 051876 5 For exanple a 20% of SAC305 powder m xed
with 80% of eutectic 42Sn58Bi results in increasing the |liquidus of the
final composntimmsso approxi mately 165 C from 138 C of wrhe/GB20mpasad76
42Sn58Bi. This is becaus e the additioh of Sn shifts the alloy conposition
away fromthe SnBi eutectic. In addition, small amounts of Ag and Cu com ng
in from 5AC305 change the mcrostructure of the alloys providing additional
i mprovenents in the final sol der properties. These forgoing process changes
occur during the first reflow Thus, the first reflow can be carried out at
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For example, a solder having a working temperature range of -55C to 125T and
a melting (liquidus) temperature of 183 (456K) is working at from 0.53T to
0.92T . Increasing the melting temperature to 195 reduc es this range to from
0.49 Tryp to 0.85 Tryp. Thus, the tensile strength, shear strength and modulus of
elasticity are improved.

In addition, the decrease in fraction of Bi content in the solder improves its ductility.
The presence of small amount of Ag and Cu improves ductility, thermal and
electrical conductivity and refines the solder microstructure, leading to enhanced
mechanical properties.

In a preferred embodiment, the first powder component forms about 80% by weight
of the solder composition and is 42Sn 58Bi, and wherein the second powder
composition forms about 20% by weight of the solder composition and is SAC305
(96.5% Sn, 0.5% Cu, 3% Ag). Preferably the solder composition consists of the
forgoing components. It will be appreciated that while this example represents a
preferred composition, the final composition may be selected from any alloys and
mixtures in suitable proportions.



6 In an alternative aspect, the present inventors have discovered that a
m xed powder of a netal and a solder alloy powder has surprising benefits.
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original form This results in a mxture of solder and netals particles
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same size as the first solder powder. That is, the second powder comprises
particles are from 0.02 to 100 microns in mean diameter. More preferably the
particles are from 0.02 to 75 microns. Still more preferably the particles are from
0.02 to 50 microns. In certain situations, particle size between 0.02 and 5 microns
are preferred. In one embodiment, the particles, in particular the metal particles,
are preferably from 1nm to 100 microns, more preferably from 10nm to 100
microns. The metal particles may be from 10 microns to 100 microns. Alternatively,



In the foregoi ng conpositions, the second powder conponent preferably has
particle sizes that are conparable with those of the first powder
conmponentwoOBhs017885 t he second powder conprises particl @esTaBo0frsm7a to 100
mcrons in mean dianeter. More preferably the particles are from1l to 75
mcrons in nean dianmeter, nost preferably 1 to 50 mcrons. Preferably the
particle sizes of the first and second powders are substantially the sane
since this facilitates easy handling and m xing. By simlar nelting
tenperatures it is preferably neant that the first and second sol der all oys
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of the first solder alloy is positive and the coefficient of thermal
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aspect of resent |nvent|on ere 1's provided a sol der conposi'tion
conpri siGRylgh BY%H%I oy g‘%r??@f's%“ﬁ%'t'%ﬁponent and a second powder
conponent, wherein the first powder corrponent is a first solder alloy and
the secqn onen is,se erials such as: carbides,
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second powders are substantially the same since this facilitates easy handling and

mixing.

By similar melting temperatures it is preferably meant that the first and second
solder alloys have a melting temperature within at most 25C. More preferably the
first and second solder alloys have a melting temperature within at most 10C and
most preferably within 1C.

Preferably the coefficient of thermal expansion of the first solder alloy is positive
and the coefficient of thermal expansion of the second solder alloy is negative.

In order to ensure that the powders are immiscible with each other, preferably at
least the second powder component has a non-reactive coating layer. This allows
for the use of known powders to achieve the advantageous benefits of the present
invention.



According to a further aspect of the present invention, there is provided a
sol der abl e paste conprising the sol der conposition as described herein.

That is, wheopaarsssconpri ses the powder blend of the pr@sEmB20IMSIET60N
together with a flux. Suitable fluxes &re well known in the art. The
conpositions of the present invention may then be processed into the form
of a bar, a stick, a solid or flux cored wire, a foil or strip, a pre-form
a pre-applied or free standing filmor sol der spheres for use in ball grid
array joints, or a pre-fornmed solder piece or a reflowed or solidified

sol der J@r‘ef@rab@%@%%’ld& c’o?np?bsﬁtiﬁﬁ M?ﬂheﬁ%@ﬁ%s@é alflRhEF SSRér s BN, there

I's provided a nethod of formng the soldef conposition as descri bed herein,

the net REELBHHONS F}?éerr'ﬁ'ﬁusHﬁh é‘sfqarf kiflepoHidesc BrigeR &R GATPPN RA8REBRE: powder
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rovided t use e c Q on as
Gesert bapearitS 47 bl Branhigr e i a i aYanEE wildng B AbPin SRS R clds G ng
met hod. descabdd hgreio. Ahatust preferablydtavirng aﬂcbmq;;rtayeretga digametéroon thenere i s
pr ovi dedmfgp@n o retfé‘r%bﬁpﬁmsd bb o5 188 "ﬁ &l bed herein or the sol derable
escr to I

paste as her el forma so ereé joint. In a further aspect,
t he present |nvent|on provi des a soldered joint conprising an alloy of the

first t orﬁééetébrﬁﬁmw hal/@ s@rﬂﬂgﬁd{l?beéﬁ PEGHd td AR FRSRIBY m.&mﬁucqnepr ovi des
t he use ofg,?n al i rst ects | a sol erlgg met hod.

Such sol4&f! ﬁﬁt'%?ﬁ%rd?ﬂPWcPﬁc?ecorﬂﬁﬁqugf‘&e’n@? ’B%%'Wl' QORI 5ol der i ng,
Sur f ace tormal fatginn tifeosfith€ SNBY canlbdemprgvedli e attach sol dering, thermal
i nterface sol dering, hand soldering, |aser and RF induction sol dering, and

rewor k sol dering. _ _ _ _
According to a further aspect of the present invention, there is provided a solder

composition comprising a blend of a first powder component and a second powder
component, wherein the first powder component is a first solder alloy and the
second powder component is selected from materials such as: carbides, nitrides,
oxides and carbon nanotubes, preferably selected from materials such as: Al,O3,
SiO,, TiO, NiO and carbon nanotubes. Preferably, the second powder component
is one or more of Al,O3, SiO,, TiO, NiO and carbon nanotubes. The components of
this aspect correspond to those in the foregoing aspects. For example, the first
powder component for use in this aspect may be the same as any first powder
component described herein.

According to a further aspect of the present invention, there is provided a
solderable paste comprising the solder composition as described herein. That is,
the paste comprises the powder blend of the present invention together with a flux.
Suitable fluxes are well known in the art.

The compositions of the present invention may then be processed into the form of
a bar, a stick, a solid or flux cored wire, a foil or strip, a pre-form, a pre-applied or
free standing film or solder spheres for use in ball grid array joints, or a pre-formed
solder piece or a reflowed or solidified solder joint.

According to a further aspect of the present invention, there is provided a method
of forming the solder composition as described herein, the method comprising
mixing a first powder component with a second powder component.



In a further aspect, the present invention provides a sol der conposition

conprising a blend of a first conponent and a second conponent,

wherein the

first componersioirsssa first sol der all o% and the second ®OEEBEIH051876a
f

second solder alloy or a netal. The pr

erabl e features of the above

descri bed aspects of the present invention are also preferable with regard
to this aspect of the present invention. The first and/or second conponent
may be in the formof a powder, paste, strip, foil, sphere, disc or a
preform Preferably the first conmponent is in the formof a paste. In a

further @édb‘?§|hg th *&efuﬂhéﬁﬁ%edtrb‘f% b%eﬂf 91‘(/bP|ﬁ§n 6thlé‘?é E%o@iﬁeﬁ@ﬁ@h@@ ofhe

above describ conposi tio rising

Pr ef er adh§ CPHEPQQ'tI%‘ta%@ﬁ%f?@ﬁ'thqr@'”aorp%@tsé'%?ﬁa?'@rpﬁsﬁ%a§é’@§ﬁﬂb%ﬁs%@zm isin
the forra eblderingwmisthodpaste, strip, foil, sphere, disc or a preform In a
further aspect the present invention provi des a nethod of form ng a sol der
joint conprising: (i) providing two or nore work pieces to be
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second re erature er than s rst

t enper atfafe;a %m@ere@lﬂpm13/017885pcw GBZOlZ/ 051876 10 (iv) heating
said first and second sol der conponents in the vicinity of the work pieces
to be jaqined, .  wherei ai d heat Ls carrjed out at, 6 or above.the first
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alloy of the first to fifth aspects.

So@\/s?lgﬁ‘beéjr Qinf,c@mprising an

In a further aspect, the present invention provides the use of an alloy of the first to

fifth aspects in a soldering method. Such soldering methods include, but are not
restricted to, wave soldering, Surface Mount Technology (SMT) soldering, die

attach soldering, thermal interface soldering, hand soldering, laser and RF
induction soldering, and rework soldering.

In a further aspect, the present invention provides a solder composition comprising

a blend of a first component and a second component, wherein the first component

is a first solder alloy and the second component is a second solder alloy or a metal.
The preferable features of the above described aspects of the present invention

are also preferable with regard to this aspect of the present invention. The first

and/or second component may be in the form of a powder, paste, strip, foil, sphere,

disc or a preform. Preferably the first component is in the form of a paste.

In a further aspect, the present invention provides a method of forming the above

described solder composition, the method comprising mixing. Preferably the first

component is a paste and/or the second component is in the form of a powder,

paste, strip, foil, sphere, disc or a preform.

In a further aspect the present invention provides a method of forming a solder joint

comprising:
(i) providing two or more work pieces to be joined;

(if) providing a first solder component having a first reflow temperature;

(iif) providing a second solder component having a second reflow
temperature that is higher than said first reflow temperature; and



The advantages in relation to the first to fifth aspects of the present

I nvention descri bed above are al so exhibited by the nethod of this aspect
of the prweent3/iimsénti on. The work pieces to be joined may/dreo1fuiszexanpl e,
a circuit board and a circuit conmponer. The nethod nmay be used, for
exanple, in the manufacture of printed circuit boards. The first sol der
conponent nmay be a first alloy conponent, and nmay be in the formof a
powder, paste, strip, foil, sphere, disc or a preform preferably a paste.
The second sol der conponent nmay be a second solder alloy or a netal, and

may be in the(i\f)‘?fe'é‘tiﬁ{; sBiPRYE8hd sBBSAE soRlEF tBmpbAthts iARACURINIG FGher a

preform Once the solder conponents have been m xed, they nay be heated at
a t enper¥PrRICERAISY D] RIS e 1§TRIN SRUH NeRRY It cRrEeEOUL BEOF pbQYE H1S Tirst
conponentflowieripargtue ahd bewathevsedesioelibrdenpieratdrd.s as fol |l ows: A net hod
of assenbly, conprising: appl ying sol der paste to a printed circuit
board to forma sol der paste deposit; pl acing a | ow tenperature preform
i n the sHieladvadages theedation; toghe diestSo fifihtaspepts ofttbd peésardiinvembiand at a

reflow ;@ﬁbé& ‘érb‘8\68faré B%osé%lrﬁnﬁfeeqo@a{rf‘e h%tt?doeéﬁtﬂisaa% tb?méeér%%h‘ﬁ? sol der

joint; a rocessi ng tenperature sol'der joint at a reflow
t enper atilY@tdat is | ower than the refl ow tenperature of the sol der paste.
The invention will now be described with reference to the foll ow ng

585 poulli VeBhpBRERto bR IAReATARBEDT BRI G By ARG THll der
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al one. bﬂjnzggj@mpggmne@mwg/ sispgindl, sphere, disc or a preform, preferably a

paste. The second solder component may be a second solder alloy or a metal, and

may be in the form of a powder, paste, strip, foil, sphere, disc or a preform. Once

the solder components have been mixed, they may be heated at a temperature

lower than the reflow temperature of the first solder component. An example of the

above described method is as follows:

A method of assembly, comprising:

applying solder paste to a printed circuit board to form a solder paste
deposit;

placing a low temperature preform in the solder paste deposit;

processing the printed circuit board at a reflow temperature of the solder
paste to create a low temperature solder joint; and

processing the low temperature solder joint at a reflow temperature that is
lower than the reflow temperature of the solder paste.

The invention will now be described with reference to the following non-limiting
examples.

A solder composition was prepared comprising a 42Sn 58Bi powder component in
an amount of about 80% by weight of the solder composition and about 20% by
weight of a SAC305 powder (96.5% Sn, 0.5% Cu, 3% Ag). On testing it was found
that the alloy had improved ductility, thermal fatigue and creep resistance
compared to the 42Sn 58Bi powder alone.



11 A sol der conposition was prepared conprising a 42Sn 58Bi powder
conponent in an anount of about 80% by wei ght of the sol der conposition and
about 20%byowailgsss of a Copper netal pomder On testi ngCriGBrar/fse’rad t hat
the alloy had inproved ductility, therldal fatigue resistance and el ectrical
conductivity conpared to the 42Sn 58Bi powder al one. A sol der conposition
was prepared conprising two bisnmuth-containing alloys. One of the alloys
sel ected expands during liquid-solid transition (-ye CTE) and the ot her
shrinks (+ve CTE). This conposition was found to give rise to a | owstress

sol der | QiBiger Eﬂﬁ]p%@ltﬂﬁrw&og@%'réd ea.%pw@rn@ P128A5BBi pdivaef béﬁfpoﬁeﬁﬂh' sed
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instrunment: 2920 DSC V2.6A). The first is a mxture of 20% SAC and 80%
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of 17.1% Sn58Bi and 82. 9% Sn0. 3Ag0. 7Cu0. 1Bi (SACX0307). The initial scan

showed a | ow tenperature peak corresponding to the nelting of SnBi all oy.
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The present application includes, by way of example, the following figures:

Figures 1A and 1B show differential scanning calorimetry (DSC) traces of the
melting of two solder compositions (samples sizes: 29.1000 mg and 29.3000 mg,
respectively; instrument: 2920 DSC V2.6A). The first is a mixture of 20% SAC and
80% Sn58Bi. The second is Sn45Bi. These traces are similar, although SAC has a
melting point of 217C. The SAC dissolves into the Sn58Bi well below the melting
temperature of SAC. At the same time, it has been found that the first mixture
shows significantly higher shear force in a ball shear test than Sn58Bi alone (949
vs 911). DSC traces were also obtained for a mixture of 17.1% Sn58Bi and 82.9%
Sn0.3Ag0.7Cu0.1Bi (SACX0307). The initial scan showed a low temperature peak
corresponding to the melting of SnBi alloy. However, this peak disappeared on
subsequent scans, indicating that all low temperature phase is converted into high
temperature phase by dissolving SACX0307 into liquid Sn58Bi.

Figures 2A and 2B show the improvement in the elastic modulus of SnBi on the

addition of nano or micro sized Ag particles. In the former, the particles are nano
sized, having an average particle size of from 20 nanometers to 1 micron. In the
latter, the AG particles are from 1 micron to 100 microns in size. As can be seen,



even a small anount (1% of AG particles has been found to have a
significant effect on the elastic nodulus. Addition of silver particles

i mproves wWbeonmsal17s8d el ectrical conductivities of the seCiaB20Rr&ssInce of
free silver particles in the Sn58Bi sdlder has surprisingly been found to
increase its thermal conductivity by nore than 50% Furthernore, the silver
addi tion changes the alloy mcrostructure. Even up to 5%Ag addition has
surprisingly been found to not result in long Ag3Sn crystals. In Figure 2A
el astic nodul us values are shown for the follow ng solders (fromleft to
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m crostrdiedpg i s markedly refined near the interface. Figure 4c shows a

m crograph of "an Sn58Bi alloy with copper particles. As can be seen, copper
particles are uniformy distributed in the SnBi alloy matrix. A CuSn I MC
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Figure 4c shows a micrograph of an Sn58Bi alloy with copper particles. As can be
seen, copper particles are uniformly distributed in the SnBi alloy matrix. A CuSn
IMC layer is seen at the surface of the particles but bulk of the particles is pure
copper.



Figure 8a denonstrates the shear strength values for the alloys (fromleft
to right): Sn58Bi (as cast), Sn58Bi (48 hours after casting), a mxture of
Sn58Bi + wowbfdatrssson sized Ag particles (48 hours aftePCTag20y)p]187a

m xture of Sn58Bi + 3 wt % micron sized3Ag particles (48 hours after
casting), a mxture of Sn58Bi + 1 wt% m cron sized Ag coated Cu particles
(48 hours after casting), a mxture of Sn58Bi + 3 W% m cron sized Ag
coated Cu particles (48 hours after casting) and a m xture of Sn58Bi + 5
wt % micron sized Ag coated Cu particles (48 hours after casting). The
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parti cl dsgue Ga,dhuard 6 iIBH&8BIthe cRangés imasiwerrtfercesicag pulifopar obglaed, and a
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Sn45Bi (average number of drops to failure: 167.2).

Figure 8a demonstrates the shear strength values for the alloys (from left to right):
Sn58Bi (as cast), Sn58Bi (48 hours after casting), a mixture of Sn58Bi + 1 wt%
micron sized Ag particles (48 hours after casting), a mixture of Sn58Bi + 3 wt%
micron sized Ag particles (48 hours after casting), a mixture of Sn58Bi + 1 wt%
micron sized Ag coated Cu particles (48 hours after casting), a mixture of Sn58Bi +
3 wt% micron sized Ag coated Cu particles (48 hours after casting) and a mixture
of Sn58Bi + 5 wt% micron sized Ag coated Cu particles (48 hours after casting).
The addition of Ag recovers the shear strength that is lost as a result of aging (an
increase of 14.6 % for 3 wt% Ag particles).

Figure 8b demonstrates the hardness values for the alloys (from left to right):
Sn58Bi, a mixture of Sn58Bi + 1 wt% micron sized Ag particles, a mixture of
Sn58Bi + 3 wt% micron sized Ag particles, a mixture of Sn58Bi + 5 wt% micron
sized Ag particles, a mixture of Sn58Bi + 1 wt% nanometer sized Ag particles, a
mixture of SN58Bi + 3 wt% nanometer sized Ag particles, and a mixture of Sn58Bi



WO 2013/ 017885PCT/ GB2012/ 051876 15 Clainms: 1. A solder conposition
conprising a blend of a first powder conponent and a second powder
conponentwowheyarssst he first powder conponent is a firsPCIaRter2/@is7ey and

t he second powder conponent is a secorld solder alloy or a metal. 2. The
sol der conposition according to claim1, wherein the sol der conposition
consists of the blend of the first powder conponent and the second powder
conponent, together w th unavoidable inpurities. 3. The sol der conposition
according to claim1 or claim2, wherein the solder conposition is

| ead-Trees wtd, ngﬁ&néﬁér%“r‘ieocﬂ ?ﬁ&é@ﬁr@%%@glrﬂ'ﬁr‘é{as@s iR D5 of Kithitle

claims, wherein the first angi second, sol der alloys conprise at |east one
cormmon A4iag of 3 M/oTrmcrg@,rsg@p %%Ggeﬁ on according to claim4, wherein
the at | east one comon el enent is t| n 6. The sol der corrp05|t|on

S0 der  ateLOESRYE CiAmEd KR sy s SO ASIRAEOS sbing s 3B o
accor di dignited ©, AEM 8sserhlgy epmotolkeltaielcell taphing and sthirfdireg, demiaondecist 5° C.
backend process, and Die attachment. Final form factor is application dependent
but the solder can be made into any form, including, but not limited to, paste,
perform, film, and wire, and can be combined with cleanable or no-clean flux
chemistry.

When introducing elements of the present disclosure or the preferred

embodiments(s) thereof, the articles "a ", "the" and "said" are intended to
mean that there are one or more of the elements. The terms "comprising”,
"including” and "having" are intended to be inclusive and mean that there may be

additional elements other than the listed elements.

The foregoing detailed description has been provided by way of explanation and
illustration, and is not intended to limit the scope of the appended claims. Many
variations in the presently preferred embodiments illustrated herein will be
apparent to one of ordinary skill in the art, and remain within the scope of the
appended claims and their equivalents.



8. The sol der conposition according to any of the preceding clains, wherein
the first powder conponent fornms about 80% by wei ght of the sol der

conposi t iwo 2arsh1788542Sn 58Bi, and wherein the second poRAEGR01BEE761 On
forns about 20% by wei ght of the sol dd® conposition and is SAC305 (96.5%
Sn, 0.5%Cu, 3% Ag). 9. The solder conposition according to any of clains
1to 3, wherein the netal is an el enent selected fromCu, Ag, A, Au, C,
In, Sb, Sc, Y, Zn, Ce, Co, Ge, M, N and Ti or rare earth elements. WO
2013/ 017885PCT/ GB2012/ 051876 16 10. The sol der composition according to
claim9,cmiypsei n the netal particles are: (i) fromlInmto 100 microns; or
(i) fromIonmto 100 mcrons; or (iii) from 100 mcrons to 1000 m crons.
11. The sol der conposition according to any of clainms 1 to 3, wherein the

first and secwsdideskdeiposltiobyriyaiging amblérd ohz fitdt p@wiosmeengioneas aptie ar e
imm scible. 12. The sol der tcorpn%osithi n t?ccordi noggto cltai mf:Ll[, q\1\\§‘(j1erei n the
mel ti ng TEPEPRNASL SOBPARELMHIETL g TURERGWAL Sy ARPONFNLIS & TEsqlisTh 10"
13. The alydgad thergeosnd ipowdefr cohgiomebilisor se¢aichsdlder allmyr @i anmdial. coef fi ci ent
of thermal expansion of the first solder alloy is positive and wherein the

coefficient of thermal expansion of the second solder alloy is negative.
14. The %ol dethe:spligesrempasiton asgosingtoa¢latn 11 wherein theseldsr n t he second

powder CIMSBIEN Bassists 8P thé BRI ofehé Firdtipdvder¥:8Mmponent and the second
powder component, together with unavoidable impurities.

3. The solder composition according to claim 1 or claim 2, wherein the solder
composition is lead-free.

4. The solder composition according any of the preceding claims, wherein the
first and second solder alloys comprise at least one common element.

5. The solder composition according to claim 4, wherein the at least one
common element is tin.

6. The solder composition according to any of the preceding claims, wherein
the first and second solder alloys have different melting points

7. The solder composition according to claim 6, wherein the melting points
differ by at least 5TC.

8. The solder composition according to any of the preceding claims, wherein

the first powder component forms about 80% by weight of the solder composition
and is 42Sn 58Bi, and wherein the second powder composition forms about 20%
by weight of the solder composition and is SAC305 (96.5% Sn, 0.5% Cu, 3% Ag).

9. The solder composition according to any of claims 1 to 3, wherein the metal
is an element selected from Cu, Ag, Al, Au, Cr, In, Sb, Sc, Y, Zn, Ce, Co, Ge, Mn,
Ni and Ti or rare earth elements.



15. The sol der conposition according to any of the preceding clains,

further conprising a further powder conponent selected froma carbide, a
nitride, WO 2013/0desssr car bon nanot ubes, preferably sel ecPet/dB20r/051£763,

Si02, TiO N O and carbon nanotubes. 1£6. A solder conposition conprising a
bl end of a first powder conponent and a second powder conponent, wherein
the first powder conponent is a first solder alloy and the second powder
conponent is selected froma carbide, a nitride, an oxide or carbon

nanot ubes, preferably selected from Al 203, Si02, TiOQ N O and carbon

nanot ubefy 1'I7he doiaet Q&hﬁgélﬁoﬁ%\%&&dlﬁq {d &Iﬁim 9, Whkldin tRe hRithr pHiMbse, a

preformor a sphere conprisin osition of an of claiml to
16. 18.2r% {hetrawdigp te EBWHGVQ% 0% §if) cf@m 68 1PQmigenaner @ Tamilhe 1 to
16, the mrrdradtoctdQD hdrogsm xi ng a first powder conponent with a second
powder conponent. WO 2013/017885PCT/ (B2012/051876 17 19. The net hod of
claim 18 wherein the first powder conponent is in the formof a paste and
t he secaohd po'Dm;esoldenmrnpositibB acnotdireg fooamy of clainps éftoBywharanthgfirsd sl eeve,

of o i e et B e st BRI ERRFATRESpd B AR TGS "0 =T

sol dering nethod. 21. The use of the conposition according to any of
claims 1420 IfhosoltiBecsRbositioRlacormPtraamh di N@hbreik i Meking 0 form a

sol der edte*nperatures of the first and second solder alloys are with 10C.

13.  The solder composition of claim 11 or claim 12, wherein the coefficient of
thermal expansion of the first solder alloy is positive and wherein the coefficient of
thermal expansion of the second solder alloy is negative.

14.  The solder composition of any of claims 11 to 13, wherein the second
powder component has a non-reactive coating layer.

15.  The solder composition according to any of the preceding claims, further
comprising a further powder component selected from a carbide, a nitride, an oxide
or carbon nanotubes, preferably selected from Al,O3, SiO», TiO, NiO and carbon
nanotubes.

16. A solder composition comprising a blend of a first powder component and a
second powder component, wherein the first powder component is a first solder
alloy and the second powder component is selected from a carbide, a nitride, an
oxide or carbon nanotubes, preferably selected from Al,O3, SiO,, TiO, NiO and
carbon nanotubes.

17. A solderable paste, a film, a strip, a foil, a wire, a preform or a sphere
comprising the solder composition of any of claim 1 to 16.

18. A method of forming the solder composition of any of claims 1 to 16, the
method comprising mixing a first powder component with a second powder
component.



22. A soldered joint conprising the conposition of any of clains 1 to 16.
23. A solder conposition conprising a blend of a first conponent and a
second cowpanstyssaherein the first conponent is a firstPtcCIaBter2/@hdzey and

t he second conponent is a second soldd alloy or a nmetal. 24. A nethod of
form ng the solder conposition of claim23, the nethod conprising m xing
the first conponent in the formof a paste wth the second powder conponent
in the formof a powder, paste, strips, foils, spheres, discs or a preform
25. A nmethod of forming a solder joint conprising: (i) providing two

or more 4erk THERREIIPLoPAaIn?HB&fherkin theRIrVpSder Grhpdridnt $9Iride FERARPNENT

having a first refl ow tenperature; . (111) providing a second sol der
conponerft PREGI Y HesecoRd Roxdeswompanenatsuhdhe iim pEa RrefREP. BISEIP-Sai d fi r st
refl ow tsiepey, alisosesplagres or a wire(iv) heating said first and second sol der
conponents in the vicinity of the work pieces to be joined, wherein said
heating is carried out at or above the first reflow tenperature and bel ow
t he secdit r eFheuse efhfher carapaesition according to any of claims 1 to 16 or the

solderable paste according to claim 17 in a soldering method.

21.  The use of the composition according to any of claims 1 to 16 or the
solderable paste according to claim 17 to form a soldered joint.

22. A soldered joint comprising the composition of any of claims 1 to 16.

23. A solder composition comprising a blend of a first component and a second
component, wherein the first component is a first solder alloy and the second
component is a second solder alloy or a metal.

24. A method of forming the solder composition of claim 23, the method
comprising mixing the first component in the form of a paste with the second
powder component in the form of a powder, paste, strips, foils, spheres, discs or a
preform.

25. A method of forming a solder joint comprising:

(i) providing two or more work pieces to be joined;

(if) providing a first solder component having a first reflow temperature;

(iif) providing a second solder component having a second reflow
temperature that is higher than said first reflow temperature; and

(iv) heating said first and second solder components in the vicinity of the
work pieces to be joined, wherein said heating is carried out at or above the first
reflow temperature and below the second reflow temperature.



