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1 "Inprovenents In O Relating to Solders" 5 TH S

I NVENTION rel ates to solders and, in particular to

sol ders which are substantially |ead-free. Many
conventional solders contain | ead as a major

constituent thereof. Such solders often have

desirabl e physical properties, and the use of |ead- 10
contai ning solders is wi despread throughout severa

i ndustries, including those concerned with the
production of printed circuit boards. There are,

however, increasing demands for | ead-free sol ders due,
for exdmureyementsmii OoRedating taaBakleti®t ati ons, and it
seens likely that, within the 15 next few years, it

will be a legal requirenment in several countries for

sol der STHISSINVENTION retatedftacbldets and, MRParticugiro sélders which
cont ai Iittle or no lead. One type of alloy that has
béﬂﬁSHggenﬁﬁyée?%ﬂpﬁcenent for the conventiona

tin-lead solders are tin-copper alloys, and an all oy
consisting of 20 99.3%tin and 0. 7% copper has becone
rel at i WAaRy gpruentionals@lders eenrtainilnad ag@snejos sonsiiuentdhereof.
t r [ 0 ; ' ;

aoy Rers, S had Sesifatia Prisa OB Ry, ME HREe of lead
aldootginiagdsdldernsaist nddgspreachdhrouighowtop@earaklindustries, including
expibits a | ower strengt alower, fatique resistance
aviBes EsheBmet Bl B PR iasthraflify o HReds

conventional tin-lead alloy. 25 This is particularly
undesi rabl e, since many industri al chin and

proces s@@r%ﬁée,mvsur%ﬁee%ng\e?ma@fﬂgg%& Ip@&?g?e\,g}qlq?@ e, for

CX4Rd, A @nvirbhimbRRf coidetdtio®) Anb dedadnis Akeif Hht! WRRIn the
sol der replacenent should be capabl e of being
next few years, it will be a legal requirement in several countries for solders

used in the manufacture of many items to contain little or no lead.

One type of alloy that has been used as a replacement for the
conventional tin-lead solders are tin-copper alloys, and an alloy consisting of
99.3% tin and 0.7% copper has become relatively widely used in certain
industries. However, the properties of such a tin-copper alloy are less
desirable than those of the conventional tin-lead alloy, and in particular the
tin-copper alloy exhibits a lower strength, a lower fatigue resistance and a

higher eutectic temperature than the conventional tin-lead alloy.

This is particularly undesirable, since many industrial machines and
processes are configured to work effectively with the conventional tin-lead
alloy, and ideally a lead-free solder replacement should be capable of being
used with the same machines and processes without significant modification
thereof. Many manufacturers have, however, found that existing soldering

processes must now be significantly adapted to accommodate the use of
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used with the sane machi nes and processes w t hout
significant nodification 30 thereof. Mny

manuf act urers have, however, found that existing

sol dering processes nust now be significantly adapted
to accommodate the use of 2 ead-free sol ders, and
this adaptation of processes and materials is w del y
regarded as a poor use of resources, particularl

t Head{reRdeaiderar and this| adaptation plapiogessesuand gnatrl %S widely
| er%earfofe@ea§9|&%‘? %sb%f%&&ﬁc@s‘)rﬁdrﬁ&ﬂeﬂw ¥s el Qté{ngﬁrlfﬂ of articles

achievabl e usi ng conventi onal | eaded "sol ders
armabjifecturest usmg knowsdead-frae setdesh ist @ft@e@waldﬁrpbw\hed@v that

an, LB kind EafiGt el sofEcor di ngl v, one aspect

prese nven fon provides a 10 substantially
| ead-free solder conpr|5|ng fromaround 96.8%to
around ,, 99. 3% 1t rom ar round
copper ;1 B PPSK & W RreBeI0serioh {6 sarf 1§ PS4k S tmprove
Silbad-aB8e sOdeant ageously, the sol der further conprises
fromaround 0.005%to 15 around 0.01% phosphor ous.
Preferably, the solder conprises around 0.01 %

phos phof QdsyingIfFo Ny %Belc‘{ of hﬁiesgir@%ntf Llﬁ\?éiﬁlbn provides a
conpri ses from ar ound 005% to 0 around 01%

geubatantially Mendsfiee gidder) yompisingo| frm @Owpe | '8@§°/art@uw@und
0. é?alsmewgﬁgé%g océvﬁ%srar&g#do%o%tzggpﬁql g'ﬁa frERTROLRED.02%

from aroun 0 ‘around
to around 0.12% silicon.

Advantageously, the solder further comprises from around 0.005% to

around 0.01% phosphorous.
Preferably, the solder comprises around 0.01% phosphorous.

Conveniently, the solder further comprises from around 0.005% to

around 0.01% germanium.
Advantageously, the solder comprises around 0.01% germanium.

Conveniently, the solder comprises from around 0.7% to around 3.0%

copper.

Preferably, the solder comprises: around 0.7% copper; and around
0.02% silicon.

Advantageously, the solder comprises around 0.7% copper.
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Preferably, the solder conprises: around 0.7% copper;

and around 0.02%silicon. 30 Advantageously, the

sol der conprises around 0.7% copper. 3 Preferably the

sol der conprises around 2.0% copper. Conveniently,

t he sol der conprises around 3,0% copper. 5 Another

aspect of the present inventi%n provi des a net hod of

preparing a substantially | ead-free_sol der, conprising

the st prefgrahiythagoldphcomprasearound 2% ceRRersuch t hat :

the proportion of tin in the solder is from around

96.8% to around 99.3% the proportion of copper in the

sol der Cenvententlsy ihersslded comprisenarmund 330%wopaal t he

proportion of silicon in the solder is from 10 around

0.02% to around 0.12% Conveniently, the nethod

f ur t herAmshgr isseect hof Bteeppreéeritnmh/anlﬂmg ;frbmn‘es aaommethod of

0. 005%to ar % phos rous in. the sol

PR 3 SuRaRRtlG EAUTE SRHE ForneCtE HER ! riing t,

St&iﬁp@? ahd§llil6h BactRf¢NHe p@oﬁ&%rpbﬂﬁrphﬂﬂﬁ%ldé‘r i§ A®m around
m xture. Preferably, the nethod further

c&ép&%éesar@w 89.8pp; dhe Pmﬂ%”éﬂfh@f sanpRl InaiheuRides. i9 oy awund
arpyd) tooa?cﬂuﬁ’dg?[gg@:ﬂg# ng orfigh d&r W&dﬁ l1H$he 2Bider is from

Conveni en , rises t e step of

i rezburat] ﬁ@Z%tnmdun@DOﬂZ%/o ger mani umin the sol der

m xture. Preferably, the nethod conprises the step of

i ncluding around 0.01% 25 geraniumin the sol der

m Xt ur e&onveniently, the method further comprises the step of including from

around 0.005% to around 0.01% phosphorous in the solder mixture.

Advantageously, the method comprises the step of including around

0.01% phosphorous in the solder mixture.

Preferably, the method further comprises the step of including from

around 0.005% to around 0.01% germanium in the solder mixture.

Conveniently, the method comprises the step of including around

0.01% germanium in the solder mixture.

Preferably, the method comprises the step of including around 0.01%

geranium in the solder mixture.

Conveniently, the method comprises the step of including from around

0.7% to around 3.0% copper.

Advantageously, the method comprises the step of including around

0.7% copper and around 0.02% silicon in the solder mixture.



10

15

20

25

Conveniently, the nethod conprises the step of
including fromaround O0.7%to around 3. 0% copper. 30
Advant ageously, the nmethod conprises the step of

i ncluding around O0.7% copper and around 0.02% silicon
in the solder mxture. 4 Preferably, the nethod
conprises the step of |nclud|ﬁg around 0. 7% copper
Advant ageousl y, the method conprises the step of

i ncl udiffrgferabiyinthe meth@hsemppeas tl@oﬁe@rﬁfenﬁlug}mgta{eund 0.7%
nq&%ﬁgrconprlses the step of including around 3. 0%
cop 10 A further aspect of the present invention
provides a nethod of soldering, conprising the step

o ! BaTARRER, L R b 5es IS g, SR Boune

0.2686:t soppar.ound 3. 0% copper; and from around 0.02%to
around 12% silicon. 15 Preferably, the nethod
conprises using a solder having fromaround 0.005%to

ar ound @o%%e%hﬁae%&%d cEﬁibY@é‘é et dtdp of nﬁlmd@@und 3.0%

conpri ses using a sol havi ng around O.

preeppabr ous. 20 Advant ageously, t he met hod corrprl ses
using a solder having from around 0.005%to around
0.01% germani um Preferably, the method conpri ses

usi ng & Sfattter dspechngf atheupcksenDifgention provides a method of

soldering, comprising the step of using a substantially lead-free solder
comprising: from around 96.8% to around 99.3% tin; from around 0.2% to
around 3.0% copper; and from around 0.02% to around 0.12% silicon.

Preferably, the method comprises using a solder having from around
0.005% to around 0.01% phosphorous.

Conveniently, the method comprises using a solder having around

0.01% phosphorous.

Advantageously, the method comprises using a solder having from

around 0.005% to around 0.01% germanium.

Preferably, the method comprises using a solder having around 0.01%

germanium.

Conveniently, the method comprises using a solder having around

0.7% copper and around 0.02% silicon.
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25 germani um Conveniently, the nethod conprises using
a sol der having around 0.7% copper and around 0.02%
silicon. 5 1In order that the present invention may be
nore readily understood, enbodi nents thereof will now
be descri bed, by way of exan‘pée, with reference to
the acconpany figures, in which: 5 Figure 1 is a

conparative table of nechanical properties of various

al | oys;InFordar éhat the piesemd rinvestionenan REcAPe Feashly tynsgrstood,
Ol BOIRAAIHALST il RoWUBE. dodcfibB (YT uapl'BH ddmple, with
mechani cal properties of various alloy after belng

s ukferencmdtot the mccampamygfiguresessvhidhi:gure 4 is a graph
showi ng the tensile strength of various alloys after
bei ng subj ected to agei ng processes of varying

| engt hsgigdde Fiigw eompatuive thble ¥f sledhsticaingiopedies of various
various alloys after being subjected to ageing

prle¥¥ses of varying lengths; Figure 6 is a graph

showi ng strain values of various alloys after being

20 subjected to agei ng processes of varying | engt hs;

Fi gur e Figure Zisgr eliit efiparhanieeat erepestins efyvaspus aloysy
required to produce yield in various alloys after

bei ng subj ected to agei ng processes of varying
| engt hFig@® 3 is a chart showing mechanical properties of various alloys

after being subjected to an ageing process.

Figure 4 is a graph showing the tensile strength of various alloys after

being subjected to ageing processes of varying lengths;

Figure 5 shows the yield strength of various alloys after being

subjected to ageing processes of varying lengths;

Figure 6 is a graph showing strain values of various alloys after being

subjected to ageing processes of varying lengths;

Figure 7 is a graph showing the quantity of energy required to produce
yield in various alloys after being subjected to ageing processes of varying

lengths;

Figure 8 is a graph showing the quantity of energy required to break

various alloys after being subjected to ageing processes of varying lengths;

Figure 9 is a graph showing the toughnesses of various alloys after

being subjected to ageing processes of varying lengths;
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Figure 8 is a graph show ng the quantity of energy
required to break various alloys after being

subj ected to agei ng processes of varying | engths;

Figure 9 is a graph showi ng the toughnesses of various
all oys after 30 being subjected to agei ng processes of
varying lengths; 6 Figures 109 and 11 are tables

showi ng nechani cal properties of various alloys;

Figure g2 i di rentd WAy C |aRLer

of an a%ﬁ%iﬁe% goeén“lid;glgi %Eé ? %%é%raéysa% [ %gélHti on;qe pﬁ?%%rrgs of
13vasiovswlloyse wetting time of various alloys at various
tenperatures; and 10 Figure 14 shows the wetting

forces of various alloys at various tenperatures.

Wth regaure 13 isi a- difprantiak scaening | ¢adgrimeler diuseeifean alloy

ab&xgoq))ggge{p‘%?prglgﬁ in\fe‘ﬁHGH'; that the addition of a snall

percen con to the alloy 15 significantly
i nproves the properties and performance of the all oy.

I n partg, alypn | suhe : h 2 adgidiic 0 i
ar ound %.8%5%1?0 Séo‘?gfygr%y%\}g%%%f éfsi\{arr"@g% tQI(l)Jy'tshgt Oarious
alteowerdtllessandéngt hen the all oy, and al so confer,

anong others, inproved ductility and strain

properties on the alloy. 20 It is thought that these

desi r abffigurer dgeshows thegwvettiagi fuceruft variaus alleyse@é yvarious
o.ftF%igleha%ﬁré . which allows it to forma tethrahedal

SiTl e structure, resulting in a polynmeric chain
structure of a solid solution, thus given rise to an

L pr ov%itﬁtré&{ra t@ﬂﬁ-‘i:%ﬁbé’lg&lder alloys as discussed above, it has been
found that the addition of a small percentage of silicon to the alloy
significantly improves the properties and performance of the alloy. In
particular, it has been found that the addition of around 0.02% to 0.12% by
weight of silicon to the alloy will strengthen the alloy, and also confer, among
others, improved ductility and strain properties on the alloy.

It is thought that these desirable properties might arise due to the
valency of silicon, which allows it to form a tethrahedal silicide structure,
resulting in a polymeric chain structure of a solid solution, thus given rise to an

improved strain percentage.

Figure 1 is a table showing various mechanical properties of certain
solders, namely the conventional 63% tin/37% lead solder, a 99.3% tin/0.7%
copper solder, a known tin/copper/nickel solder and six further solders
comprising a base of tin, 0.7% copper and, respectively, 0.02% silicon, 0.04%
silicon, 0.06% silicon, 0.08% silicon, 0.10% silicon and 0.12% silicon.

It can be seen from figure 1 that the physical properties exhibited by
the tin/copper/silicon solders embodying the present invention are generally
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25 Figure 1 is a table show ng various nechanica
properties of certain solders, nanely the

conventional 63%tin/37% | ead solder, a 99.3%tin/0.7%
copper solder, a known tin/copper/nickel solder and

six further solders conprising a base of tin, 0.7%
copper and, respectively, 0.02% silicon, 0.04%

silicon, 0.06%silicon, 0.08%silicon, 0.10%silicon
arslp@rieR % #hdsiecdinplaged by thar0H8%stw. 7% eeppeygaelden and also

b 0SBt A8, AR, comenions

| NBa%H ttin(BY %alleacdysoidenl Irym'énysmlsesithe tind0. W&)sapphrﬁm%%adlcon
b{ﬁ?ﬁ he 99. 3% t.i n/O 7% co?per SO

$5t: ReRrasaiF o e (RaTestL PR REAghe 10, LE diteppisagto the

bycdnl€ntidiay 8344 ﬂﬁab7%6%%tsdrde”r7%b eafl sRliskfed ih@t s Ysolder
cases, the tin/0.7% copper/O. 02% sj | | con soI de

r gpAvsemta shieng| eansidate piaroQiraet i GHOR-BY t FRP ?)‘P%%’?tt ifQrs this

tocomgntﬁ)n‘"a%‘éflﬁﬁr“ onal 63%tin, 37% | ead solder, and it
envi saged that this solder nay be a strong

candi date flor direct, "drop-in" replacenent for this
convent on )

ol eot a0z R Sen oo edledRy BuapRER A e fhble of figure
an?hér? mapéntlculbarshengl h(}gwhbasé ljeartitpsavdry twiths theaquantity of
W e qua ded t
tisiiceb Rt e 2uldebtons, tnRpuperoraitel ase s ot agiRy embRgdying

PriRs dsenNIRBRTIGH- It lchn GRMsden thgEtRetmabritynst tﬁ@&e)bidpzért@‘s are
these properties are at their maxi mum when th

prad geeit mspirgmswhenctie priapetientaf ﬁ)‘@@bﬁth%M/G%ﬁp%a@@er base
| S5 8hGitto. B2 H2% 15

It will be seen from figures 1 and 2 that the addition of 0.02% to 0.12%
silicon to the tin/copper alloy leads to significant improvement in the tensile
strength of the alloy, resulting in values higher than the conventional
tin/copper alloy, and also that of the conventional tin/lead alloy. With this
increase in tensile strength, there is no significant drop in the strain
percentage of the tin/copper/silicon alloy, which proves to have excellent
ductility when compared with the conventional tin/lead alloy. The energy
needed to initiate a crack in the alloy is also significantly greater than that
required to initiate a crack in the conventional tin/lead alloy, and in the

conventional tin/copper alloy.

The properties of the tin/copper/silicon alloys described above can be
further strengthened or improved by the addition of a small quantity of
germanium or phosphorous thereto. In particular, the addition of around
0.005%to 0.01% of either of these elements leads to desirable results,

including increased strength and the provision of an antioxidant effect.
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It will be seen fromfigures 1 and 2 that the addition

of 0.02%to 0.12% silicon to the tin/copper alloy

| eads to significant inprovenent in the tensile

strength of the alloy, resulting in values higher than
the conventional tin/copper alloy, and al so that of

the conventional tin/lead all%y. Wth this 20 increase

in tensile strength, there is no significant drop in

t he st rairninggderfigera agihisofigurashows/acgppk of sdchesigal properties

al l.o whi ch praoves. have cel . i Li

c il aen RETRING At T B ahlsy. i, ESS are
e {Uﬂbﬂa}b_’ce&ﬁfd Qé#nbléra'tmbt ofaltas® ai)h for @skhourst Thisatdsb waissconducted
al so signifjcant reater nthat r ired t .

i rfPtfj'éPﬂg"eé E?‘%{cweiyﬁg‘m?ét'%sorﬂtf/eﬁ?i ard Y9 Iu':lé{ﬁg'ggl ﬁo@'} article
anfahdtaétifed 3§1n%‘¥lﬁ1é/.§ﬂk§)} @88 ko beubRRERT taasliddyhighhémperatures
properties of the tin/copper/silicon alloys descrl_g,ed )
alfov exteaded @eripds hdimeast rlgw@k kerseandhat ApralioyLopfaIRig a tin
aglst| 8.'7"/9‘2:0@&”6”2"/9%%&5 bid ¥ 0199 §fcFRBhiM, s well as an alloy
phosphor ous eteto. I'n particular, the addition of
arcootainiBg 20t ®a%e 000 % toppér, §a35ersilispntanss .04 e pbasphorous,

| eads.t o desirabl { L ael udi ' d :
P i aficise eoantirite dphdlf SHbREn) dRaF BB sopventiona
Turnhm'.ng, tIOp;ﬁérgJJ(DP/oSsilictdn'f slltlb)iy.gutkesl?ledmperzsogrwﬂjhapﬁreciate that
mechani ca opert t s '

R SRy A BUCIPerS1ofen ABRIaD e 10rBg e oIa ey LB dperma
a fh siatreep ith #e, &nd AhatIrobests SnarlthGtuterB tisingSolders as
conducted to discover how the properties of the allo

weslgsarikash rfeoviet thﬁilﬁiﬂgcQérfﬂa'ﬁfﬂﬂhfﬁptm’\oéﬂh(&@ilﬁg"\t"hema};‘tain

RSt HE R A O e i Y A e e

alloy containing a tin base, 0.7% copper, 0.02%

sili Corl‘-'igﬁ"unrg 4o srﬁ)o]vﬁ/& &%rtgﬁﬁieuéﬂen%?hsvﬁ \llar%%saarlllo% Laﬂé(r undergoing
an ageing process, in which the alloys were subjected to a temperature of
125° C for 24, 48 and 96 hours. It can be seen that alloys embodying the
present invention display superior tensile strength after ageing, when

compared to the conventional tin/lead alloy, as well as to the conventional

tin/copper alloy.

Figure 5 shows the yield strengths of various alloys after being
subjected to the above-described ageing process, and again it will be seen
that alloys embodying the present invention display superior yield strengths
after ageing when compared to the conventional tin/lead and tin/copper
alloys. Also, the alloys embodying the present invention containing small
amounts of germanium or phosphorous display an improved yield strength
after being subjected to significant ageing processes when compared to
solders embodying the present invention which do not contain germanium or

phosphorous.
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containing a tin base, 0.7% copper, 0.02%silicon and

0. 01% phosphorous, display a superior UTS (ultimte
tensile strength) than the conventional 10 tin/0.7%
copper/0.02% silicon alloy. A skilled person wll
appreciate that these alloys will therefore display

an increased resistance towar@s thermal fati gue or

creep with time, and that products manufactured using

sol der sFiggre desshawsedhabetrainc patcantdgeg @ér wanidusmaleys after

phosphor.ous, wi | | . mai nt ai 510 [ -
rinars T gl bOBhe deBE R BnSush heS Mg Hflegted to @
1;5t|eﬁip@wtf&|£e4015h2t?j95thb_624£m8 iand 98 heungt hdt cdn barseeusthat alloys
all oys, a r undergqi ng,. an,agein o) [ ich

* ooy B pacsann e (USKE SHpBGT tan fetodfdades when
f%onﬁ{}areé&oaﬂhé &snveaubsal tii/le8@nsdierse@ll Whé cdmparéd to the

enbodyi ng the present invention display superior

t eqpsvertiongl infgoppeifalley. agei ng, when 20 conpared to the
conventional tin/lead alloy, as well as to the
conventional tin/copper alloy. Figure 5 shows the

yi el d SligenegthandB stow thes eagrigiggsreatired, nespegfively, for various

bj d - [ j .
e
g;ﬁreﬂbed abevd.i ahcan Hghay bs Wweeni that wlleisdesibodyigy tbe present

agei ng. when conpared to,the conventi onal
CiIRANSRR TRALITE | SiPRSP ANt B SNESl ViaKL ALl fg break when
erdapshEréd tb NBe PESRRAtioNdIMRINER® okt ahai WBers Bapared to the
anounts of germani um or phosphorous displ a

i rRonuetiongl B/gorparaiteh. ImpaRiculsi #f@erﬁﬁv‘tﬂ%%% ageing at 125° C,
S L0 10, PRLIO0PIO SRS RgBpED TS il o an
c @8t Zd5njoyesrakireak, avhergamotheraanuestional tin/lead alloy requires 0.038
joules to yield and 5.647 joules to break. By contrast, the conventional
tin/copper alloy requires 0.018 joules to yield and 5.364 joules to break. A
skilled person will appreciate that this alloy embodying the present invention
will be significantly more stable over extended periods of time than the

conventional tin/lead and tin/copper alloys.

Figure 9 shows the toughnesses of various alloys after being subjected
to the ageing process described above, and once again it can be seen that
alloys embodying the present invention display superior toughnesses after
ageing when compared to the conventional tin/lead and tin/copper solders.

It has also been found that the addition of silicon to a tin/copper solder
alloy improves the mechanical properties of the alloy when the alloy is
subjected to high temperatures. Figure 10 shows the mechanical properties
of the conventional tin/lead alloy, the conventional tin/copper alloy and the
tin/0.7% copper/0.02% silicon alloy embodying the present invention when
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9 Figure 6 shows the strain percentages of various

al l oys after undergoing the agei ng process descri bed
above, i.e. being subjected to a tenperature of 125 C
for 24, 48 and 96 hours. It can be seen that all oys
enbodyi ng the present invention display superior
strain percentages when 5 conpared to the conventiona

tin/lead sol der, and when conpared to the
c caubiactéch tmteroparatioepef 237 Coy5° 6 gud 4257 CanWihilesthe W TS, YS

t

B T e R e

t dolifitnesg &f rad qﬁglmfe&sjls rbaucbngnaéerttbd nffgmee off thighatemperature,
e n. that_ alloys enbo

A0 R STBAAYPG P cBEsE G IR SRHYSbAGRg)eT feduction in

Yigdrdrngafcd Our‘iﬂeﬁalﬂwé@éefbonélﬂﬂﬁs’lr eCFdrO eké\ﬂp%onwtumlabf the

tin/lead sol de en conpare
ccﬁwaéﬂmti%lﬁbltm/deaﬁ/ etlmpéfopmyd afoung n7b%r/0t weﬁm dhe tepperature is

?&Qyée‘d #9981 Pge & th§5CC &hethb' 018 Jf"/t)h%OQlRﬁi éHerayﬁmg the

i con al oy requires . Jouestoyle
2oarewt Jlrwlnagn doonsrfaaknlymr@a‘é?» 046 \@hﬁw&\etall@naqs subjected to

tsl_tgéﬁg'j%%ur el t?ﬁ‘ﬁg’% &S 0.038 joules to yield and

_ rea By contrast, the conventiona
tin/copper alloy requires 0.018 Joules to yield and

5.3 | i .
app?gcfﬂu'é'ﬁaﬁéﬁ'gl“ 3%#}‘%{)9%! oty sﬁ% ?Stﬁg %ﬂtﬁééﬁs Y8, strain

| Ihépentage, thg.;ybeosyi@m ,f epedaly! Yo nbrieakskal! @oug\hﬂéss of the
ext ended periods of tine than the 20 conventi on
ﬂ”@ tin/0.7%

t |CﬁPV%'H@“§hH"/iqe¥i’/@l9Mpme eanveptionatitig(ropprer akryRng

t

| BHFRARSER, Sk ey yabidiy e grofh R ohcR S oo
i tcressrhangl speadst aret usedl inoy densilip destinggapparaisesrpan be seen
! Q%ﬂptthgnta%'les %Qty tﬁ‘éjpaqlro&lOémEBHSqné‘etﬁgeﬁré%femsrinvention displays

significantly more stable mechanical characteristics under the various cross-

head speeds when compared to the conventional alloys.

Referring to figure 12, this figure shows the different scanning
calorimeter curve of the tin/0.7% copper/0.02% silicon alloy embodying the
present invention, and it can be seen that the addition of silicon to this alloy
has little or no effect on the melting temperature thereof. This alloy
embodying the present invention therefore maintains the desirable wettability
properties of the 99.3% tin/0.7% copper alloy, such as the wetting time and

wetting force thereof.

Figures 13 and 14 show the wetting times and wetting forces at certain
temperatures of various alloys, and it can be seen that alloys embodying the
present invention display very similar wetting characteristics to the

conventional tin/copper alloy.
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25 agei ng when conpared to the conventional tin/lead
and tin/copper solders. It has al so been found that
the addition of silicon to a tin/copper solder alloy
i nproves the nmechani cal properties of the alloy when
the alloy is subjected to hi qh tenperatures. Figure
10 shows t he nechani cal propé'ties 30 of the
conventional tin/lead alloy, the conventiona

tin/ coppey eavisggedfhat fr aw of ghe osQldsspesmbodying the present
Si bvé’rﬂi’&nglésebfb@dm&% geli“??é%f &thptise f‘ﬂc‘/rﬁrgrb&’rﬁh W/E‘ tal 8round

subj ected to tenperatur 75 C and
W3.0% capperT Brefemably,ythe| soldsr oomprisps §tto|na|arpund O 7% to around

energy to yield, energy to break and
gjéﬁ ‘%ggof all of the alloys reduce under the

i nfl uence of high tenperature, the alloy enbodying

bort or iRasibatigRts ftdug peiedt IVERST Bapidsf o Heschiopd herein
U'éfﬁdoéccbhﬁn% ¢® thee PidseAtinventiuh, @edl @Mpmeﬂémdbws% to 0.9%,

around 71.2% when the tenperature is increased from
23Nere rzfef@zeb'mo @t conperiUT87oto 2.Reb, ANPISPrefasablyid{y’or Hropper;
pr t I u

D1 2y {0 QBB Bl PIEREILRS. O, Yordier TR pop o O iédtPmay
10>empund1g QZB/ofO Q08%.11, this figure shows a table of

the UTS, YS, strain percentage, energy to yield,

energy to break and toughness of the conventi onal

tin/l edadwdl beyapptré«aatednbyem skilhed réadercthppdre présmnt amention

the tin/0.7% I nbodyi t he ..
o bEatide® surstanElR L Req Ao St B IR sRhrbPeties
alyghenS@finpdied td @BAVErioha!S IdaddreP eIt éisUSIt isl énviigeldehat alloys
seen fromthe tabl e that the all oy enbodying t

t he
presXRaglyindn i8Rt irRsaseNts pnvepon  may  be used ~ as dlrect “drop-in”
replacements for conventional leaded solders, particularly for use in wave

soldering applications.

In the appended claims, the substantially lead-free solders claimed
may consist essentially of the listed components, in other words may
comprise these components, aside from unavoidable impurities. This need

not, however, necessarily be the case.

When used in this specification and claims, the terms "comprises” and
"comprising” and variations thereof mean that the specified features, steps or
integers are included. The terms are not to be interpreted to exclude the

presence of other features, steps or components.

The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or in
terms of a means for performing the disclosed function, or a method or



significantly nore stabl e nmechanical characteristics
under the various cross- head speeds when conpared to
the conventional alloys. 20 Referring to figure 12,
this figure shows the different scanning calorineter
curve of the tin/0.796copperqg 02% silicon all oy
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t Ivivegse Bomnsi the®of.% copper al | oy, such as the wetting
time and wetting force thereof. Figures 13 and 14
show the wetting tines and wetting forces at certain
tenperatures of various alloys, and it can be seen
that alloys enbodying the 30 present invention
di splay very simlar wetting characteristics to the
conventional tin/copper alloy. 11 It is envisaged
that for any of the sol ders enbodyi ng the present
i nvention described herein copper may conprise from
around 0.2%to around 3.0% copper. Preferably, the
sol der conprises fromaround 0.7%to around 3.0%
copper. 5 In enbodi nents of the present invention a
sol der, as described herein and according to the
present invention, may conprise around 0.5%to 0.9%
nore preferably 0.7% copper; 1.8%to 2.2% nore
preferably 2.0% copper; or 2.8%to 3.2% nore
preferably 3.0% copper. The proportion of silicon nay
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a skilled reader that the present invention provides
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2. A solder according to Claim 1, comprising 0.01% by weight

phosphorous.

3. A solder according to any preceding claim, comprising 0.01% by

weight germanium.

4. A solder according to any preceding claim, comprising:
0.7% by weight copper; and

0.02% by weight silicon.

5. A method of preparing a substantially lead-free solder, comprising the

step of mixing tin, copper and silicon such that:
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CLAIMS: 1. A substantially |ead-free solder,

consisting only of: 5 from96.8%to 99. 3% by wei ght
tin, fromO0.2%to 3.0% by wei ght copper; from 0.02%
to 0.12% by weight silicon: optionally fromO0.005%to
0.01 % by wei ght phosphorous; and optionally from
0.005%to 0.01 % by wei ght ge]; n| um 10 aside from
unavoi dabl e i npurities. ol der according to Claim
1, conprising 0.01% by WEI ght phosphorous. 15 3. A
sol der accordi ng to any preceding claim conpri Si ng

0.01% by weig mani um accordin _
any pre @cﬂf?@o%?%gﬁ{'” Ebthﬁrsic’éqeﬁgéf 9%)/5%;}0%' 1b9 We'ght,
copper; and 20 0.02% by wei ght sil . b
pr epar |tﬁ§ PioRQIEeN QﬁPPB‘PWn |t@aolﬂ%@ fmd%% f@d’nﬁ/q %Y W@'ght
the step of mxing tin, copper and silicon such that:
14and he proportion of tinin the solder is from 96.8%
to 99. 3% by weight; the proportion of copper in the
sol der the pnoportidn26f siticGn 08othg swdderhis; froen®.0R% He 0.12% by
proportion of silicon in the solder is fromO0.02%to
0.vsighty wei ght;
optionally the method further comprising mixing from 0.005% to 0.01%
by weight phosphorous in the solder mixture; and
optionally the method further comprising mixing from 0.005% to 0.01%
by weight germanium in the solder mixture,
such that the resulting solder consists only of these elements, aside

from unavoidable impurities.

6. A method according to Claim 5, comprising the step of including 0.01%

by weight phosphorous in the solder mixture.

7. A method according to Claim 5 or 6, comprising the step of including

0.01% by weight germanium in the solder mixture.

8. A method according to any one of Claims 5 to 7, comprising the step
of including 0.7% by weight copper and 0.02% by weight silicon in the solder

mixture.
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optionally the nmethod further conprising mxing from
0.005%to 0.01% by weight phosphorous in the sol der

m xture; and optionally the nmethod further conprising
m xing fromO0.005%to 0.01% 10 by wei ght germani umin
the solder m xture, such that the resulting sol der
consists only of these elenents, aside from

unavoi dable inpurities. 6. A nethod according to Caim
5, conprising the step of including 0.01% 15 by

wei ght phosphorous in the solder mxture. 7. A nethod
according to Claim5 or 6, conprising the step of .
i n&l udi Agnethod10fospgering. W@@i%m%ﬁﬁpnoi Heing A gupstantially
m xture. 20 8. A nethod according to any one of Cains
5 lpad-freesolgsricensigtinchenlyoép of incl udi ng 0. 7% by

wei ght copper and 0.02% by weight silicon in the

sol der frama6u8% to 95.3% by aveigittiiod of sol deri ng,
conprising the step of using a substantially

| ead- f rfemm 92Weo 3090 Dysteigitt copbgr;of : from 96. 8% to
99.3% by weight tin; 5 fromO0.2%to 3.0% by wei ght
copper ;frorh 1000R% 16 D626 b wkift Biicwei ght sili con,
optionally fromO0.005%to 0.01 % by wei ght
phosphafidfallyafiéin PE05R160l01% by Wiy Phdepiorlud antp by

wei ght germani um asi de from unavoi dabl e i npurities.
10 optionally from 0.005% to 0.01% by weight germanium

aside from unavoidable impurities.

10. A method according to Claim 9, which comprises using a solder having

0.01% by weight phosphorous.

11. A method according to Claim 9 or 10, which comprises using a solder

having 0.01% by weight germanium.

12. A method according to any one of Claims 9 to 11, which comprises

using a solder having 0.7% by weight copper and 0.02% by weight silicon.

13. A solder substantially as hereinbefore described, with reference to the

accompanying figures.



10. A nethod according to Caim9, which conprises
using a solder having 0.01 % by wei ght phosphorous.
11. A nmethod according to Aaim9 or 10, which
conprises using a solder 15 having 0.01 % by wei ght
germanium 12. A nethod according to any one of Cains
9 to 11, which conprises wusing a solder having 0.7%
by wei ght copper and 0.02% b ight silicon. 20 13. A
sol der substantially as herei nbefore described, with
reference to the acconpanying figures. 16 14. A

met hod substantially as herei nbefore described

ith
r e¥er erft dngthod tq@s%g%aﬁwqﬁ@mpef@m éigscnbed with Waference to

the accompanying figures.



