
119257WO-ATB/RCS/va/cg "Improvements In Or Relating to
Solders" THIS INVENTION relates to solders and, in
particular to solders which are substantially
lead-free. Many conventional solders contain lead as a
major constituent thereof. Such solders often have
desirable physical properties, and the use of
leadcontaining solders is widespread throughout
several industries, including those concerned with the
production of printed circuit boards. 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 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 oflead-free solders, and this adaptation of
processes and materials is widely regarded as a poor
use of resources, particularly as the standard of
articles manufactured using known lead-free solders is
often considerably below that achievable using
conventional leaded solders. It is an object of the
present invention to seek to provide an improved
lead-free solder. Accordingly, one aspect of the
present invention provides 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. 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.Preferably the solder comprises around 2.0%
copper. Conveniently, the solder comprises around 3.0%
copper. Another aspect of the present invention
provides a method of preparing a substantially
lead-free solder, comprising the step of mixing tin,
copper and silicon such that: the proportion of tin in
the solder is from around 96.8% to around 99.3%; the
proportion of copper in the solder is from around 0.2%
to around 3.0%; and the proportion of silicon in the
solder is from around 0.02% to around 0.12%.
Conveniently, 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.Preferably, the method comprises
the step of including around 0.7% 



copper. Advantageously, the method comprises the step
of including around 2.0% copper. Conveniently, the
method comprises the step of including around 3.0%
copper. 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.In order that the present
invention may be more readily understood, embodiments
thereof will now be described, by way of example, with
reference to the accompany figures, in which: Figure 1
is a comparative table of mechanical properties of
various 



alloys; Figure 2 is a chart of mechanical properties
of various alloys; Figure 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;
Figures 10 and 11 are tables showing mechanical
properties of various alloys; Figure 12 is a
differential scanning calorimeter curve of an alloy
embodying the present invention; Figure 13 shows the
wetting time of various alloys at various
temperatures; and 



Figure 14 shows the wetting forces of various alloys
at various temperatures. With regard to tin-copper
solder 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 suicide 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
physical properties exhibited by the
tin/copper/silicon solders embodying the present
invention are generallysuperior to those displayed by
the 99.3% tin/0.7% copper solder, and also approximate
more closely to the properties displayed by the
conventional 63% tin/37% lead solder. In many cases,
the tin/0.7% copper/0.02% silicon solder represents
the closest approximation to the properties to the 



conventional 63% tin, 37% lead solder, and it is
envisaged that this solder may be a strong candidate
for direct, "drop-in" replacement for this
conventional solder. Figure 2 is a graph showing
selected quantities from the table of figure 1, and in
particular showing how these quantities vary with the
quantity of silicon that is added to a tin/copper
solder base to form a solder embodying the present
invention. It can be seen that the majority of these
properties are at their maximum when the proportion of
silicon in the tin/copper solder base 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.Turning to
figure 3, this figure shows a graph of mechanical
properties of alloys after undergoing an ageing
process, in which the alloys are subjected to a
temperature of 125 C for 96 hours. This test was
conducted to discover how the properties of the alloy
would change if an article manufactured using the
alloy was to be subjected to such high temperatures
for extended periods of time. It will be seen that an
alloy containing a tin base, 0.7% copper, 0.02%
silicon and 0.01% germanium, as well as an alloy
containing a tin base, 0.7% copper, 0.02% silicon and
0.01% phosphorous, display a superior UTS (ultimate
tensile strength) than the conventional tin/0.7%
copper/0.02% silicon alloy. A skilled person will
appreciate that these alloys will therefore display an
increased resistance towards thermal fatigue or creep
with time, and that products manufactured using
solders as described above containing germanium or
phosphorous will maintain desirable physical and
mechanical properties over extended periods of time.
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
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.Figure 6 shows the strain
percentages of various alloys after undergoing the
ageing process described above, i.e. being 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 strain percentages when
compared to the conventional tin/lead solder, and when
compared to the conventional tin/copper alloy. Figures
7 and 8 show the energies required, respectively, for
various solders to yield and to break, after being
subjected to the ageing process described above. It
can again be seen that alloys embodying the present
invention require greater quantities of energy to
yield and to break when compared to the conventional
tin/lead solder, and when compared to the conventional
tin/copper solder. In particular, after 96 hours
ageing at 125 C, the tin/0.7% copper/0.02% silicon
alloy requires 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 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 whensubjected to temperatures of 23
C, 75 C and 125 C. While the UTS, YS (yield strength)
strain percentages, energy to yield, energy to break
and toughness of all of the alloys reduce under the
influence of high temperature, the alloy embodying the
present invention displays a lesser reduction in
performance under these conditions. For example, the
UTS of the conventional tin/lead alloy drops by around
7 1.2% when the temperature is increased from 23 C to
125 C, but the UTS of the alloy embodying the present
invention drops by only around 53.04% when the alloy
is subjected to the same rise in temperature. Turning
to figure 11, this figure shows a table of the UTS,
YS, strain 



percentage, energy to yield, energy to break and
toughness 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 various cross-head speeds are used in a
tensile testing apparatus. It can be seen from the
table that the alloy embodying the present invention
displays significantly more stable mechanical
characteristics under the various crosshead 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.It is envisaged that for
any of the solders embodying the present invention
described herein copper may comprise from around 0.2%
to around 3.0% copper. Preferably, the solder
comprises from around 0.7% to around 3.0% copper. In
embodiments of the present invention a solder, as
described herein 



and according to the present invention, may comprise
around 0.5% to 0.9%, more preferably 0.7%, copper;
1.8% to 2.2%, more preferably 2.0%, copper; or 2.8% to
3.2%, more preferably 3.0%, copper. The proportion of
silicon may be around 0.02% to 0.03%. It will be
appreciated by a skilled reader that the present
invention provides substantially lead-free alloys
having significantly improved properties when compared
to conventional lead-free solders. It is envisaged
that alloys embodying the present invention 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 orprocess for
attaining the disclosed result, as appropriate, may,
separately, or in any combination of such features, be
utilised for realising the invention in 



diverse forms thereof.CLAIMS: 1. 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.
2. A solder according to Claim 1, further comprising
from around 0.005% to around 0.01% phosphorous. 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.11. A method of
preparing a substantially lead-free solder, comprising
the 



step of mixing tin, copper and silicon such that: the
proportion of tin in the solder is from around 96.8%
to around 99.3%; the proportion of copper in the
solder is from around 0.2% to around 3.0%; and the
proportion of silicon in the solder is from around
0.02% to around 0.12%. 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.18. A method according to any
one of Claims 11 to 17, comprising the step 



of including around 0.7% copper. 19. A method
according to any one of Claims 11 to 16, comprising
the step of including around 2.0% copper. 20. A method
according to any one of Claims 11 to 16, comprising
the step of including around 3.0% copper. 2 1. 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. 22. A method according to Claim 2 1, 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 2 1 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 2 1 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 2 1 to 26, which comprises using a solder
having around 0.7% copper and around 0.02% silicon.28.
A method according to any one of Claims 2 1 to 27,
comprising the step 



of including around 0.7% copper. 29. A method
according to any one of Claims 2 1 to 26, comprising
the step of including around 2.0% copper. 30. A method
according to any one of Claims 2 1 to 26, comprising
the step of including around 3.0% copper. 3 1. A
solder substantially as hereinbefore described, with
reference to the accompanying figures. 32. A method
substantially as hereinbefore described, with
reference to the accompanying figures. 


