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119257W0- ATB/ RCS/ va/ cg "I nprovenents In O Relating to
Sol ders" THIS I NVENTION rel ates to solders and, in

w@anobioewbar to sol ders which are substanti al | yPCT/GB2005/003338

| ead-free. Many conventional solders contain |ead as a
maj or constituent thereof. Such solders often have
desirabl e physical properties, and the use of

| eadcont ai ni ng sol ders i s w Hespread throughout

several industries, including those concerned with the
production of printed circuit boards. There are,
howeVeg257WO-RTB/RGSARDBEAs for | ead-free sol ders due,
for exanple, to environnmental considerations, and it
seens |likely that, within the next few years, it wll

ol delERTRYEREHS FLERBAIRURG P SRR, | fors o
contain little or no lead. One type of alloy that has
been_used as_a replacenent for the conventi onal

ti n- [TEHS INMENFON relatesntocsqigers and,dp partigidarate solders which
L St .93, 3% tin and 0. 7% copper has becone
af%?é??‘é@f@"ﬁv’ieégﬁ{/&used in certain industries. However,
the properties of such a tin-copper alloy are |ess
ble than those of the conventional tin-Iead

desi . . .
aIeISIOMa%%O’?VﬁnEQP@'i Qlders qamdain;ipad g Femaign eapstituent theyeof.
t i; Lst.a
Shehistie S99 ey TRl DRI RESKERDBGB, R of e
containiegdseltersy is Tidsspreapathrooghout! geverdé sindastries, including

' ' i al chines. and prqocesses are
o abRaled B3 Hora B G Bt ona
tin-lead alloy, and ideally a | ead-free sol der

repl acenent shoul d be capabl e of being
There are, however, increasing demands for lead-free solders due, for

example, to environmental considerations, and it seems likely that, within the
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
co_nventional tin-lead solders are tin-copper alloys, and an alloy consisting of
99;3_"A>'tin and 0.7% copper has become relatively widely used in certain
induétries. However, the properties of such a tin-copper alloy are less
desirable than those of the conventional tin-lead élloy, and in particular the
tin-coppef 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, fouhd 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 thereof. Many manufacturers
whamwe/p4deosvever, found that existing sol deri ng PEDGBI®ES03338

nmust now be significantly adapted to accommobdate the

use of |l ead-free solders, and this adaptation of

processes and materials is widely regarded as a poor

use of resources, particulardy as the standard of

| f k f
105 SRR S LU R s iy
regavdedtasoaglodrasstedf rexoleses, datrtrdl.ﬂar@nashhe@talﬁxﬁardhﬁ articles
nloresent i nvention to seek to Provr de an i

Fitiactugrd YsingdnowR leaduirgg spldess is a@%ré&pnadererrréy below that
aEhﬁagsBFe u&ﬁ%%h%htﬁfr%‘”é%\%%daso? tantially |ead-free
SO er, cCo

rising: from aroun 6.8%to around 99. 3%
tin, fromaround 0.2%to around 3 O%oopper; and from
around 0. 02% t F giound 0. 2%s g vant a ous "\4
the doisc} OPiget REM& BrRSEN é@’eP 'Bﬂw 9@88 OPreyEie, drp IMproved
I PHBE s8Idek% phosphorous. Preferably, the sol der
conprises around 0.01 % phosphorous. Conveniently, the
sol der further conprises fromaround 0.005%to around

0.01 % . iu Advant.ageou ,th onrco i ses
ar ouﬁ‘& g%{ﬁ@y %ﬁﬁ\eé%oﬁr\c; RE' Cerlt' §8nfh|gv 8'% rovr es a
sobs@ntians Iéa@Jfﬁe%F euliér 0 cobrgrigirgy: oot Ar&nd WEEY% to around
Preferably, the solder conprises: around 0. 7% copper;

9936 dino friem eraung 2% é@around 3.0% copper; and from around 0.02%
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%

coppet.

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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Advant ageously, the sol der conprises around 0.7%
copper. Preferably the sol der conprises around 2. 0%

wa@opei399onveni ently, the sol der conprises arpOmndB30088%3338

copper. Anot her aspect of the present invention
provides a nethod of preparing a substantially

| ead-free sol der, conprisi ng the step of mxing tin,
copper and silicon such that3 the proportion of tin in

or opbreapoling sAMleP cORPisES afoUld 2REEEBEREL. Juna 0 296

to around 3.0% and the proportion of silicon in the
solder is fromaround 0.02%to around 0. 12%

Conv &RrWRRIGNtY: e RIIPIIEPTPRHSAReRrONBAPY: 0 $RORARE. st ep of

i ncluding fromaround 0.005%to around 0.01 %
phosphorous in the sol der m xture. Advantageously, the
et hdchotlwrpraspest tdfe tise epresknt nioventiory provided & Ofiz%hod of

RRATES P LS acbEe, SIS GoaRSG IR SIRP PF g tin,
c@bﬁé‘r"é’n@ sfiearosuen Qﬁ?(“ﬂ?e Ercﬂib(ﬁ BRI A Qolﬁ@ﬁlssgét)rggéround

m xture. Conveni ent e ITEt COITprI ses t
96f8%rto|andum@ QSra%nmeOpnopomogmfrmppﬂmlm the Beldsolisdieom around

] f bl h d t st f
ok Breringf SEOE ot 5 PaRR RN & BHESSIncde SRR, from
a?élﬁh(ﬁOIOQ% ko arduiRl orgpipd conprises the step of

i ncluding fromaround 0. 7% to around 3. 0% copper.

Advant ageously, the nmethod conprises the step of

i ncl

¢ FOrU8n LM e melicEp R ERInetsRE We 5188 b i grom

ardunds0.905¢45 to adundi 0101w mwybh@rci?é 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.
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copper. Advant ageously, the nmethod conprises the step
of including around 2. 0% copper. Conveniently, the

woretohoegdnpri ses the step of including ar oundP@r/GB2005/003338

copper. A further aspect of the present invention
provi des a nethod of soldering, conprising the step of
using a substantially | ead-free sol der conprising:
fromaround 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 nmethod conprises

usi nPraferablife thdavethed fdopmpraseduihd StePOSirictudii® ehéund 0.7%
0. 01% phosphor ous. Conveniently, the method conprises

CABPAG a sol der havi ng around 0. 01% phosphor ous.
Advant ageously, the nethod conprises using a sol der
havi ng from around 0.005% to around 0.01 % ger mani um
Pr ef évdvahiageiduslynehé orethodpeorapdsess ity sters o declubiagi &@und
23% und 0.01 % germani um Conveniently, the nethod
PPES using a sol der having around 0. 7% copper and

around 0.02% silicon.In order that the present
i nvention may be nore readily understood, enbodi nents
t her &ginvenldntiypthebmetrexteormprise bthevetep aff irctadipharownd B.0%
reference to the acconpany figures, in which: Figure 1

Lconparative tabl e of nechani cal properties of
vari ous :

A further aspect of the present invention 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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alloys; Figure 2 is a chart of mechanical properties
of various alloys; Figure 3 is a chart show ng

wore@hasoeal properties of various alloys afterP®@BGB05/003338

subj ected to an agei ng process. Figure 4 is a graph
showi ng the tensile strength of various alloys after
bei ng subj ected to ageing progesses of varying

| engths; Fjgure 5 shows the yield strength of various

o e e e e o
val uesI of vari o(a% gﬁwoﬁgwab?eaeg‘é’%: sQY)j way edf taxample, with
dgtaragcototesaecombpanefiyires, ihaMgths; Figure 7 is a

graph showi ng the quantity of energy required to
produce yield in various alloys after being subjected

to agej PY OgeS T ' ngths: Figure 8 is a
graph s ov?/i nggtie qtﬁagr{?lﬁ\?%/)%@geﬁp‘%}?ﬂ?@l‘fﬁi PEQPerfesrafakarious
PY®us al l oys after being subjected to ageing

processes of varying lengths; Figure 9 is a graph
showi ng the toughnesses of various alloys after being

subj e€y tooj ' [yi | engt hs;
P o e 10 SasaU gAY oBRERAAES HopkRieS Aoy

properties of various alloys; Figure 12 is a
curve of an alloy

diffe j .scanni cal.ori net er
errbodglﬁryéé%ég&r gg%ﬁ%”%%ﬂtm%?hafm@u?@peﬂiﬁoﬁ\ﬁ/atibes alloys
aftert beigg tsubjectdd 1Rah ABBINY pra¥ss@t vari ous
t enperatures; and

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 14 shows the wetting forces of various alloys
at various tenperatures. Wth regard to tin-copper

waelodess993 | oys as di scussed above, it has beenPdDGBR005/003338

that the addition of a small percentage of silicon to
the alloy significantly inproves the properties and
performance of the alloy. In particular, it has been
found that the addition of afound 0.02%to 0.12% by

\gle: g)%g%]:ﬁasgbsigr?@ot?eér?em%%ys&\%ﬁ@ Strﬁ‘ﬁ-ﬁﬁ%&ggl biSperties of

v@uonslau@ys;and strain properties on the alloy. It is
t hought that these desirable properties mght arise
due to the valency of silicon, which allows it to form

a tetg Lﬂ'@qualss%' SHifisy ﬁflélug{:éﬁrﬁnglgagbi ifrle c[]r\fé of an alloy

polyne I C chalin struc ure o sol uti on,

egnbyadyimg He presant invpntiorgd strai n percentage. Fi gure 1
is a table show ng various nechani cal properties of
certain solders, nanely the conventi onal 63% tin/ 37%

| ead Ffr%ggr /13 ﬁ( ‘flﬁé' We@h %tﬁﬁép‘éf aél%y‘é”gv‘”\/anous

tin/co nic der SIX further sol
temppratsresgaadbase of tin, 0. 7% copper and,
respectively, 0.2%silicon, 0.4%silicon, 0.6%
silicon, 0.8%silicon, 0.10% silicon and 0.12%

si | i Eggure! 14C8AORS ﬂﬁ!ﬂﬁlvéthﬁg1 foresy %flvhhéﬁstélﬁ)ys at various
physi cal properties exhibited by the

teMpetEdui®s: / si | i con sol ders enbodyi ng the present
i nvention are general |l ysuperior to those displayed by
the 99.3%tin/0.7% copper solder, and al so approxi nmate

mor e WItI®$@¢a/rdtto thb@oﬂvefbl@@rdelr%ﬂoy% apldmcedsey abbe, it has been
conventional 63%tin/37% | ead solder. In many cases,

feund tthat cthevadsition: 1of. 82small perseniageieef rsijsiossdat the alloy
shgricin®y S RhpARBE OB OLHiES SRS PERBRANGS diotdd @lloy.  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, 0.2% silicon, 0.4%
silicon, 0.6% silicon, 0.8% silicon, 0.10% silicon and 0.12% silicon.

It can be seen from figure 1 that the physiéal properties exhibited by
the tin/copper/silicon solders embodying the present invention are generally
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conventional 63%tin, 37% ]l ead solder, and it is
envi saged that this solder may be a strong candi date

wo enoedioext , "drop-in" replacenment for this  PCT/GB2005/003338
conventional solder. Figure 2 is a graph show ng
sel ected quantities fromthe table of figure 1, and in
particul ar show ng how these quantities vary with the
quantlty of silicon that is Added to a tin/copper

STRGASE 165 BieaBr v 3he Mo, 5% VO Sl and also

a@p@@&maltea?mame chiselyh € ﬁh@Bpbeeme%dBpld?edpbP Ftﬁét(tdm/eﬂflonal
on in the tin/copper sold base i s about 02%

613t°° \RW 37%dead sRldero nlnfmguv €asesaine Yn/Prizp qolﬁ’@%(@(ﬂ&% &ilicon

s%fdeq ‘P%d’e%e nfd 1R&0 ¢ {d§e§9naé}5’rosdﬁ?at dnn/ Oﬂﬂéf ?+6ecﬁfes to the
ni f1can ement 1 n ten

cehvemtgmal cﬁ‘S% Rin, eﬂﬁ%yiead esolddri aadiib |ev @Inutsagbd ghat thibaolder

t h | 10y, and al so t
R A fo7 et R v i ePlase e e fon this

coRPEMichat sbRIeg! h, there is no significant drop in the
strain percentage of the tin/copper/silicon alloy,

vvh| ch proves to have excellent ductili ty when conpar ed

hecaiotis S R € Sl Shabindisadtefaudhiugs fiofhHechible of figure
15idd fi pariduardsiswing Rdidnhésaiquantitiéd Qﬁryl wnlhntrtel abentﬂy of

crack in the conventional tin/lead alloy,” and in the

sieandhat isnadded ip adjiyeeprrar sojdertpaseta fym nesolder embodying

the, PrER Sivemtighnafedh Bsee 5L R G fifftediioppriigs are
as it ndntid wheh toe preportion @f sﬂi@@a AR ahe tis/ddppeeisblder hase

particular, the addition of around
is about 0.02%.

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.



10

15

20

25

30

0.005% 0 0.01 % of either of these elenents leads to
desirable results, including increased strength and

WO bmos3993 si on of an anti oxi dant effect. Tur ni NnBCT/GB2005/003338

figure 3, this figure shows a graph of mechanica
properties of alloys after undergoi ng an agei ng

process, in which the alloys are subjected to a
tenperature of 125 C for 96 %hours. This test was
conducted to discover how the properties of the alloy
woul d change if an article manufactured using the

al | offunaingtto figire @btas tfigdre showsa graph dfenpetiadtivdlgsroperties

or. ext ended riods of tinme. It wll be seen that an
o Flsy S SHEE! IGRIIANG: BNo 0BT PIOGRSSHE; WIBD s alloys are
hiol 9 E [ <2
sBblechlc 8 leMpRIaflAgbMB L ich Seblrs T3S 18t ks conducted
t®. discovenobpwotiral progediesapf dheuakoy avoldSchamge nitan article

ARRRH S USRE, b AIRTras p BR SUBIHGER T sheB digh famperatures
fRPEXERbAYH pdritrls shase. alt! wMSbéNis'ebnttha; RinCAfoy teRlaMYing" tin

i ncreased resistance t owar ds t her nal atigue or cree
base h0.7i%reopaen G.0_% silicatuand Ordirfafgarmaniemuas neell as an alloy

cBfaUG T R o BT DA, 950 TR opnorous,
disprdiara GabeAbPNETS | @MtirANRS t@i@il@ngﬁénﬁﬂ‘?i 9@ ®e tdoMentional
re 4 shows the tensile strengths of various alloys

ﬁgf%otgi% GRS o R ilicagedlity- prdbcddied parsam will appreciate that
e Yol L FISERE obity ol BIPGAHY BBl giekdl termai

fatiguedy oigephwitiprtiesss rdnd thet piroductsiraphalaciirgérising solders as
tensile strength after ageing, when conpared to the =
desenhact | dpye t FONRIIRGD 20fTHRNEY @1 |PhaSPhereuse will maintain

SSSRNIEEOSEL) RO HB st byt B4E e ReiRth i o e,

Figure 4 shows the tensile strengths of various alloys after 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 vyield 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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subj ected to the above-descri bed agei ng process, and
again it wll be seen that alloys enbodying the

w@e@sosm993 nventi on di splay superior yield strepgt/82005/003338

after agei ng when conpared to the conventiona

tin/lead and tin/copper alloys. Al so, the alloys

enbodyi ng the present invention containing snal

anmounts of germani um or phosphorous display an

i nproved yield strength after being subjected to

significant ageing processes when conpared to sol ders

enbodygurg teheshuveselhe istraimt pereentigels ¢ NatioGONhRdYS after

er mani um or phosphorous. Fi gure 6 shows the strain

Uggﬁa%%d § ageing MrecrssafessTbesk abpventRr Beinggstbjected to a
. . o Qe . Ubi

BRI O TR0, SRR A B ous, LRGSR iR atoys

ecrodyings den présentainverytiore ciisptay sgpétier ptramepércentages when

iLnventiqn di splay superi.or strain percentages when
coBiFRl L5, Blet RaTNantpBal 1Besd iSBigert Ancs il comparashén the
cOAVERICRAI ﬁﬁ/CbP efaMmyentional tin/copper alloy. Figures

7 and 8 show Ee energi es required, respectively, for

various solders to yield and to break, after being

bj t [ rocess described above. ]t .
can SETRs doahdd S e NrBI6RE 1B5ETF iy aRechYbelor various
sbiteentd giieldesnd e egRt sitedbaing Silgecell RNEHO% 59‘,9 process
ield and to break when conpared to the conventi ona

di\éﬁwh%’aabew-deli capnagaindie seepdhatiatloys eebastyinghthepegsent

- tiad . i cul .96

hERIGRERLS SoEBler, aleilel' Gt Bl Fiedopdf b umax when

cainpayed ¢ouheesorfuedlionalitintedd spiddrd anddwh8n7édmpatdEto the
to break ,vywereas the conventional tin/|ead alloy o

copyantional tnigeppeiseldert b RArticulanraites Ihoyis againg et 125° C,

tHe &RK0.7%Y oBPEHBY2% LdfcdrPRMEP eglRls 0.05 joules to yield and
20.735 joules to break, whereas the conventional 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 th'at 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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tin/copper alloy requires 0.018 joules to yield and
5.364 joules to break. A skilled person wll

wappreeivai e that this all oy enbodyi ng t he preseeit/GB2005/003338

invention will be significantly nore stable over

ext ended periods of time than the conventional
tin/lead and tin/copper alloys. Figure 9 shows the

t oughnesses of various all oy after being subjected to

N Ly o U SE

(yuerdestrengtmhetrdraypemeafag@e térié@@mﬁésyﬂéldaférﬁ?érg?g@ Beeak and
npared to the conventional tin/lead

twgerW&ﬁr%ra"sQﬁ theralloys rediice undey trbréenflrﬂemajot hlgh temperature,
i il OBploddinig A cirledhn! IMdeRRAP WishBYLH 18I aduction in

i nproves th proper _

penferrahhog uederukthese edom«ntrhms}h tfézr:srpeiﬁcamﬂles .thei M? a0 the
h .the nmech nrcal roperties of the conventi ona

CONKF TN AViBad A1RY BRS Bt R (1.87% ARy the fespperadure is

indt€addd ffdnf %ﬁ%%rﬁﬁs@@@tﬁltlmgoﬂTgl bPYhé ?yérﬂgr?ag@g the
present invention whensubjecte nperatures o

pEsens MWm’ﬁrdn]cﬂaps:byWnIy ardune &8 84°/Yﬂ8her;utbé dlley issuypjbgted to

_ In percenta energy to yield, energy to break
‘@%5%8@%‘5?3 %tf"r' ‘of the alloys reduce under the

i nfluence of high tenperature, the alloy enbodying the
present invention displays a | esser reduction in _
per f AUARIRG do figse thdBis figureishiowssa table elkthepUdS, t¥, strain

PHRCEndagdn Snofall B iR ool o ¥ ekl i TRydadts” o the
céaverionauitintided BTG, ahetdorvahiional le%bﬁe‘ﬁgallb Qarly ﬁféel';lﬂlo 7%

i nvention drops by only around 53. 04% when the all
coRPEr((hP &% silicbp aky emhodvings the, Rresgsdr ivention Twhen rvgrious

c%sfﬁse%ﬁrég I§%é|éds bR s IH S 1S eBtin G RbBafdtus NGt YR be seen

from the table that the alloy embodying the present invention displays
significantly more stable mechanical characteristics under the various cross-

head speeds when compared to the conventional alloys.

Referring to figure 9, 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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percentage, energy to yield, energy to break and
t oughness of the conventional tin/lead alloy, the

wa@eovsemopdnal tin/ copper alloy and the tin/O0. 786€T/GB2005/003338

copper/0.02% silicon alloy enbodying the present

i nventi on when various cross-head speeds are used in a
tensile testing apparatus. It can be seen fromthe
table that the alloy enbodyildg the present invention
di spl ays significantly nore stable mechanica
characteristics under the various crosshead speeds

when lc@eavizdged (Hae foprvRNbf AR@! saidiérey embidely iy tHY présent
figure 9, this figure shows the different scanning

InvanYPN AasEFibed heeSIBicopRer fMay/ @NmEHsoispey 2pungdHR.8% tocaiound
S DR Ry 8 SOERL cbRLTRCD SOt g7 Baroune

seen that the a on o
3l0%tdopper. no effect on the nelting tenperature
thereof. This alloy enbodying the present invention

therefore maintains the desirable wettability

propgs bhﬂﬁndﬂﬁehf@oﬁtﬂeﬁ‘égéﬁ‘l’ iﬁ}/grg(ﬁ&{)?%rld@rl LagﬁjesﬁHBQd Tlgrein
the wetting tinme and tting force thereof. Figures
and@ctording o tthe presantrigvarntions nendcowmptise @rbond €s5%tto 0.9%,
certai tures of rio l1oys, and it _can be
il Pefbr B 7% toRBetyi 4G tord 20 duli breoreiy 3%, Coper
ofliB@car BeI%, whdre! srefevablyl 899 hés@sdre’ ThE! 5 th'otrP8¥ silicon
conventional tin/copper alloy.lt 1's envi sageg that or
mayybearausl 6.0R8eixs0838odyi ng t he present invention

descri bed herein copper may conprise from around 0.2%
to around 3.0% copper. Preferably, the sol der

conpiti wiisbé rapspraciatett by. 4 %Kil Arenid thabhe oe8Ent Invention

enbodi nents of the present invention a solder, as
pevides substartiallyjead-free alloys having significantly improved properties

when compared to conventional lead-free solders. - It is envisaged that alloys
embodying the present inventon may be used as direct “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



and according to the present invention, may conprise
around 0.5%to 0.9% nore preferably 0.7% copper;

WA 2@¥083992. 2% nore preferably 2.0% copper; oPCRGB%05003338
3.2% nore preferably 3.0% copper. The proportion of
silicon may be around 0.02%to 0.03% It will be
appreciated by a skilled reager that the present
i nvention provides substantially |ead-free alloys
Pregessy fern attainingativel dis¢laged tesiiltp as pppropsateh emay; eparadly, or

b PRI o S, 5 b ol Fe SR Bventon

disededdrras tieerieot.dr op-i n" repl acenents for conventi onal
| eaded sol ders, particularly for use in wave sol dering
applications. In the appended clains, the
substantially | ead-free solders clainmed nay consi st
essentially of the listed conmponents, in other words
may conpri se these conponents, aside from unavoi dabl e
impurities. This need not, however, necessarily be the
case. Wien used in this specification and clains, the
ternms "conprises" and "conprising" and variations

t hereof nean that the specified features, steps or
integers are included. The terns are not to be
interpreted to exclude the presence of other features,
steps or conmponents. The features disclosed in the
foregoi ng description, or the follow ng clains, or the
acconmpanyi ng drawi ngs, expressed in their specific
fornms or in terns of a neans for performng the

di scl osed function, or a nethod orprocess for
attaining the disclosed result, as appropriate, may,
separately, or in any conbination of such features, be
utilised for realising the invention in
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di verse forns thereof. CLAIMS: 1. A substantially

| ead-free solder, conprising: fromaround 96.8%to
w@e@dnasdd. 3% tin; fromaround 0.2%to around BCD@B2005/003338

copper; and from around 0.02% to around 0. 12% sili con.

2. A solder according to daim1l1, further conprising

fromaround 0.005%to aroun&i30 01% phosphorous. 3. A

sol der according to Caim 2, conprising around 0.01%
Cplggighor ous. 4. A sol der according to any preceding

claim further conprising fromaround 0.005%to around

0.01 % germanium 5. A solder according to Caim 4,

COMPhiS] A sol der
1'61000?‘ H?%gc}'ﬁ{aﬂ ;éjapér)ggééog% W%@gh‘prl sing from
ar ouﬁdnﬂamucsaewmohrauﬁa@ewpern 7. A sol der

acco to any preceding claim corrprl sing: around
0. 79 fe @t“”da[?]é%amfﬁé!“@ G COPPEEAND 8. A sol der

acc ofh ko A2 BRALAY oA B iicBATP! | ST ng ar ound

0. 7% copper er accord ing to any one of
clains 1 to 6, conprising around 2.0% copper. 10. A

sold r cordin of claing 1t
2 compiieli 2ttt do Biebbrrhet comPReigdtpriaround 0.005%
toP4AreRAHINI1 R @*&?ﬁ@%ﬂ@ ly | ead-free sol der, conprising
t he

3. A solder according to Claim 2, comprising around 0.01% phosphorous.

4, A solder according to any preceding claim, further comprising from
around 0.005% to around 0.01% germanium.

5. A solder according to Claim 4, comprising around 0.01% germanium.

6. A solder according to any preceding claim, comprising from around
0.7% to around 3.0% copper.

7. A solder according to any preceding claim, comprising:
around 0.7% copper; and
around 0.02% silicon.

8. A solder according to any preceding claim, comprising around 0.7%
copper.

9. A solder according to any one of claims 1 to 6, comprising around
2.0% copper.

10. A solder according to any one of claims 1 to 6, comprising around
3.0% copper. '
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step of mxing tin, copper and silicon such that: the
proportion of tin in the solder is fromaround 96. 8%

wo oooane9ndd 99. 3% the proportion of copper in PEEGB2005/003338
solder is fromaround 0.2%to around 3.0% and the
proportion of silicon i n the solder is from around
0.02%to around 0. 12% A nmet hod according to Caim
11, further conprising the éflep of including from
around 0.005%to around 0.01% phosphorous in the
sol der m xture. 13. A nethod according to Caim 12,
FonpAi mEH®A oleprepafinga substantiay leadbirae soldetysomprising the

SRR T DS bR R a8t 0 "1a” Tir cher
conptiesproporticn 6f fipircfhel sitdards Mo BRSORT 9689, fb Q%ﬂdt 0
%@%nd 0. 01% germaniumin the sol der m xture. .

od according to Claim 14, conprising the step of

| nCl il BropArRG: Codtler 1 9 ERALHE tdin HGUSE BB, to around

m xt ure- accor di ng o any one
30Petand 5, conprising the step of | ncl udi ng from around

0. 7%,t o around 3, 0% co nmet hod accordi ng t

any bleP @Poéf%ﬂ %S'qunﬁ‘tﬁe SO fVQITh@rCNﬁ‘é' GP8p @faround
oiype udi ng around 0. 7% copper and around 0.02% silicon
in the solder m xture.18. A nethod according to any
one of Clainms 11 to 17, conprising the step

12. A method according to Claim 11, further comprising the step of
including from around 0.005% to around 0.01% phosphorous in the solder
mixture.

13. A method according to Claim 12, comprising the step of including
around 0.01% phosphorous in the solder mixture.

14. A method according to any one of Claims 11 to 13, further comprising
the step of including from around 0.005% to around 0.01% germanium in the
solder mixture.

15. A method according to Claim 14, comprising the step of including
around 0.01% germanium in the solder mixture.

16. A method according to any one of claims 11 to 15, comprising the step
of including from around 0.7% to around 3.0% copper.

17. A method according to any one of Claims 11 to 16, comprising the step
of including around 0.7% copper and around 0.02% silicon in the solder

mixture.
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of including around 0.7% copper. 19. A nethod
according to any one of Clains 11 to 16, conprising

wo b@est®ps of i ncl udi ng around 2. 0% copper. 20.P&r/GBRIVSM03338

according to any one of Clains 11 to 16, conprising

the step of including around 3.0% copper. 2 1. A

met hod of sol dering, conprisifg the step of using a
substantially | ead-free solder conprising: from around

8. 8% troethiodwandotding e any oneradiGlaineihtl 10 1Z2%compedsiogrite step

3-.0% copper ; d_from around 0.02%to around 0.12%
Qf 'PF@SHPGD%'QP"%%(%%P%cor ding to Caim2 1, which
conprises using a solder having fromaround 0.005%to

around 0.01% phosphorous. 23. A method according to
®.ai nA 7ethediageording to 88y ongiai§laimsol tike 1Racomprisinguhel step

o REEPRLEBURE 0% b ™ onpr | <es. usi ng & a0l der

havi ng from around 0.005% to around 0.01% ger mani um
25. A net hod according to Caim24, which conprises
22 ngA anetbrdaccrEding & arvena of Baimsgytt il fusempesing the step

mhaggir@c%pﬂgr%?zooc cone of claims 2 1 to 25,

conprisrng p including fromaround 0.7%to
around 3. 0% copper. 27. A nmethod according to any one
ich conprises ufsi ng a sal der

Clainsg 2 1. to, 26, wh .
By i b TRGGH ! GOy BUPHRGOUPG STRP B W00 & SksGisdy
Iéaﬂﬁ?ébogolaéﬁﬁérﬂgﬂginbp any one of Clainms 2 1 to 27,
conprising the step

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.

22. A method according to Claim 21, which comprises using a solder
having from around 0.005% to around 0.01% phosphorous.

23. A method according to Claim 22, which comprises using a solder
having around 0.01% phosphorous.

24. A method according to any one of Claims 21 to 23, which comprises
using a solder having from around 0.005% to around 0.01% germanium.

25. A method according to Claim 24, which comprises using a solder -

having around 0.01% germanium.

26. A method according to any one of claims 21 to 25, comprising the step
of including from around 0.7% to around 3.0% copper.

27. A method according to any one of Claims 21 to 26, which comprises
using a solder having around 0.7% copper and around 0.02% silicon.
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of including around 0. 7% copper. 29. A nethod
according to any one of Clains 2 1 to 26, conprising

wo b@est®ps of i ncl udi ng around 2. 0% copper. 30.PAT/GBRIVSM03338

according to any one of Clainms 2 1 to 26, conprising
the step of including around 3.0% copper. 3 1. A

sol der substantially as herejpnbefore described, with
reference to the acconpanyi ng’figures. 32. A nethod
substantially as herei nbefore described, with :

reference to the acconpanying figures.
28. A method according to any one of Claims 21 to 27, comprising the step

of including around 0.7% copper.

29. A method according to any one of Claims 21 to 26, comprising the step

of including around 2.0% copper.

30. A method according to any one of Claims 21 to 26, comprising the step
of including around 3.0% copper.

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

accompanying figures.

32. A method substantially as hereinbefore desbribed, with reference to

the accompanying figures.



