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Description

[0001] THIS INVENTION relates to solders, and in
particular, to solders which are substantially lead-free.
[0002] Many conventional solders contain lead as a
major constituent thereof. Such solders often have de-
sirable physical properties, and the use of lead-contain-
ing solders is widespread throughout several industries,
including those concerned with the production of printed
circuit boards. For example, a solder containing a 63%
tin and 37% lead is commonly used in wave-soldering
processes.
[0003] However, there are 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 coun-
tries for solders used in the manufacture of many items
to contain little or no lead.
[0004] Previous attempts to formulate lead-free sol-
ders have met with limited success. Conventional lead-
free solders generally have undesirable physical prop-
erties, including poor wetting properties, low fluidity,
poor compatibility with existing component coatings and
excessive dressing. A particular problem which has
been recognised in the use of lead-free solders is the
issue of fillet lifting, where a fillet of solder at the edge
of a through-plated hole in a printed circuit board tends
to separate from the underlying material, for example,
a nickel/gold coating. Another problem is the fact that
lead-free solders tend to have a high dissolution rate for
copper, so that copper is leached into the lead-free sol-
der from components and circuit boards in contact with
the solder.
[0005] As a result, some manufacturers are finding
that existing soldering processes which have functioned
effectively for many years must now be significantly
adapted to accommodate the use of lead-free solders.
In addition, the existing materials that are employed in
the production of printed circuit boards may have to be
replaced in order to be compatible with the use of lead-
free solders. This adaptation of processes and materials
is widely regarded as a poor use of resources, particu-
larly as the standard of articles manufactured using
known lead-free solders is, as indicated above, often
considerably below that achievable using conventional
leaded solders.
[0006] Examples of lead-free tin-based solders com-
prising silver, copper, indium are disclosed in WO 97 09
455 A, WO 97 43 456 A or JP 09155586 A.
[0007] It is an object of the present invention to pro-
vide a lead-free solder which is able to serve as a more
or less direct substitute for conventional lead-containing
solders.
[0008] In the following, the proportions and percent-
ages are expressed in weight %.
[0009] Accordingly, the invention provides a substan-
tially lead-free solder which comprises 91.3% tin, 4.2%
silver, 4.0% indium and 0.5% copper.

[0010] In another embodiment, the solder comprises
91.39% tin, 4.1% silver, 4.0% indium, 0.5% copper and
0.01% phosphorous.
[0011] In another aspect of the present invention,
there is provided a method of preparing a substantially
lead-free solder, comprising the step of mixing tin, silver,
indium and copper such that: the proportion of tin in the
solder is 91.3%; the proportion of silver in the solder is
4.2%; the proportion of indium in the solder is 4.0%; and
the proportion of copper in the solder is 0.5%.
[0012] Another method of preparing a solder in ac-
cordance with the invention comprises the step of mix-
ing tin, silver, indium, copper and phosphorous such
that: the proportion of tin in the solder is 91.39%; the
proportion of silver in the solder is 4.1%; the proportion
of indium in the solder is 4.0%; the proportion of copper
in the solder is 0.5%; and the proportion of phosphorous
in the solder is 0.01%.
[0013] A further aspect of the present invention pro-
vides a method of soldering, comprising the step of us-
ing a solder comprising 91.3% tin, 4.2% silver, 4.0% in-
dium and 0.5% copper.
[0014] Conveniently, the method comprises the step
of using a solder comprising 91.39% tin, 4.1% silver,
4.0% indium, 0.5% copper and 0.01% phosphorous.
[0015] Advantageously, the method comprises the
step of wave-soldering using the substantially lead-free
solder.
[0016] In order that the present invention may be
more readily understood, examples thereof will now be
described, by way of example, with reference to the ac-
companying drawings, in which:

FIGURE 1 is a table of wetting times, in seconds,
at a variety of temperatures, for a selection of dif-
ferent solders, including a solder embodying the in-
vention;

FIGURE 2 is a graphical representation of the data
expressed in the table of Figure 1;

FIGURE 3 is a table of maximum wetting force, at
a variety of temperatures, for a selection of different
solders, including a solder embodying the present
invention;

FIGURE 4 is a graphical representation of the data
expressed in the table of Figure 3;

FIGURE 5 is a table showing physical properties,
including the coefficient of thermal expansion, of a
selection of solders, including a solder embodying
the present invention;

FIGURE 6 is a graphical representation of the ther-
mal expansion data expressed in the table of Figure
5;
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FIGURE 7 is a table of mechanical properties, in-
cluding tensile strength and yield strength, for a se-
lection of different solders, including a solder em-
bodying the present invention;

FIGURE 8 is a graphical representation of the ten-
sile strength and yield strength data expressed in
the table of Figure 7;

FIGURE 9 is a table of results obtained in fillet lifting
tests conducted on a selection of different lead-free
solders, including a solder embodying the present
invention;

FIGURE 10A and 10B are two pairs of micrograph
images on two different scales, which pairs of im-
ages respectively show fillets of the solder embod-
ying the invention adhering to nickel/gold and OSP
coatings (polymer coatings on a copper substrate);

FIGURE 11 is a table showing the dissolution rate
of copper into various types of solder, including a
lead-free solder embodying the present invention;

FIGURE 12 is a graphical representation of the data
expressed in the table of Figure 11; and

FIGURE 13 is a table showing the level of dressing
exhibited by various solders, including a lead-free
solder embodying the present invention.

[0017] As described above, conventional lead-free
solders suffer from several drawbacks, including poor
wetting properties, low fluidity, poor compatibility with
existing component coatings, fillet lifting, high copper
dissolution rates and excessive dressing when com-
pared with conventional solders containing lead.
[0018] However, it has now been found that the solder
embodying the present invention possesses significant-
ly improved properties when compared with known
lead-free solders. Indeed the properties of solders em-
bodying the present invention are comparable to con-
ventional solders containing lead as regards wettability,
fluidity, compatibility with existing component coatings,
fillet lifting, copper dissolution rate and dressing.
[0019] In order to demonstrate the advantageous
properties of solders embodying the present invention,
five tests were carried out, as will be described below.
These tests were carried out on the embodiment of the
solder of the present invention which is herein called AL-
LOY 349 and comprises 91.39% tin, 4.2% silver, 4.0%
indium, 0.5% copper and 0.01% phosphorous.

Test 1: Wetability

[0020] The first test concerned the wetability of a sam-
ple of the solder embodying the present invention, as
compared to samples of a selection of known solders,

namely eight existing lead-free solders and a conven-
tional lead-containing solder.
[0021] The nine known solders were as follows:

1. A lead-containing solder of the composition: 63%
Sn; 37%Pb.
2. A first lead-free solder of the composition:
99.3%Sn; 0.7%Cu.
3. A second lead-free solder of the composition:
96.5%Sn; 3.5Ag.
4. A third lead-free solder (herein called VIROMET
217) of the composition: 88.3%Sn; 3.2%Ag;
4.5%Bi; 4.0%In.
5. A fourth lead-free solder (herein called VIROMET
411) of the composition: 92%Sn; 2%Cu; 3%Ag;
3%Bi.
6. A fifth lead-free solder (herein called VIROMET
513) of the composition: 92.8%Sn; 0.7%Cu;
0.5%Ga; 6%In.
7. A sixth lead-free solder of the composition:
93.5%Sn; 3.5%Ag; 3.0%Bi.
8. A seventh lead-free solder of the composition:
95.5%Sn; 4.0%Ag; 0.5%Cu.
9. An eighth lead-free solder of the composition:
96.0%Sn; 2.5%Ag; 1.0%Bi; 0.5%Cu.

[0022] A first aspect of the first test comprised the
measurement of the wetting time, based on the ANSI/J
Std-003 standard, for the solders under consideration
at a variety of temperatures ranging from 235° C to 265°
C. In this test, a specimen of copper was immersed in
a quantity of each molten solder. A sensitive force meas-
uring device was connected to the copper specimen,
and arranged so that vertical forces on the specimen
could be measured and recorded.
[0023] The variation in the vertical force upon the cop-
per specimen during immersion thereof in the molten
solders is due to two main factors. The first of these, the
buoyancy force, arises from the upward force exerted
on the specimen due to the displacement of solder,
which is equal to the weight of solder displaced by the
specimen. Since the volume of the part of the specimen
that was immersed in the solder, and the density of the
solder, are known, this upward force can be calculated
and taken into account.
[0024] The second factor is a force acting on the spec-
imen due to the change in contact angle between the
surface of the solder and the surface of the specimen.
The wetting time in each particular case was defined as
the time taken for the wetting force acting on the spec-
imen to be equal to zero.
[0025] The results of the first aspect of the first test
are shown in Figure 1. In summary, the solder embod-
ying the present invention exhibited a wetting time, at
each of the temperatures, that was comparable to that
displayed by the conventional lead-containing solder. In
addition, the solder embodying the present invention ex-
hibited a wetting time which was generally lower than
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that displayed by any of the other lead-free solders. The
wetting time is a measure of the rapidity with which a
solder adheres to a substance, and clearly a low wetting
time is a desirable property for a solder. Hence it can be
seen that the solder embodying the present invention
performed better overall in the first aspect of the first test
than any of the existing lead-free solders.
[0026] The results of the first aspect of the first test
are displayed in graphical form in Figure 2. It will be seen
from this graph that the results representing the per-
formances of the conventional solder containing lead
and the solder embodying the present invention follow
each other quite closely when compared to those rep-
resenting the performances of the other lead-free sol-
ders.
[0027] A second aspect of the first test comprised the
measurement of the maximum wetting force at 2.0 sec-
onds after immersion of the specimen in the respective
solders. The wetting force is, as described above, the
adhesive force between the solder and the specimen.
Clearly, the wetting force provides a useful indication of
the strength with which a solder binds to a substrate,
and a high wetting force is a desirable property for a
solder.
[0028] The results of the second aspect of the first test
are shown in Figure 3. To summarise these results, the
solder embodying the present invention exhibited a
maximum wetting force 2.0 seconds after immersion of
the specimen therein, at each of the considered temper-
atures, that was comparable to that displayed by the
conventional lead-containing solder, although some-
what lower. While some of the existing lead-free solders
displayed a wetting force that was closer to that of the
conventional leaded solder at some temperatures, only
VIROMET 217 produced slightly better overall results
and the solder of the present invention exhibited a wet-
ting force that was close to that of the conventional lead-
containing solder at all of the considered temperatures.
This property of the solder embodying the present in-
vention allows the solder of the invention to behave in
a similar manner to conventional lead-containing sol-
ders under a variety of temperature conditions, or where
soldering takes place under varying temperature condi-
tions.
[0029] The results of the second aspect of the first test
are displayed in graphical form in Figure 4, which clearly
shows that the results for the solder embodying the
present invention follow those representing the conven-
tional lead-containing solder at least as closely as the
best of those representing the other lead-free solders.
[0030] From the results of the first test, it can be seen
that the solder embodying the present invention exhibits
very similar properties, with regard to wettability, to the
conventional lead-containing solder. Clearly, this simi-
larity in physical properties renders the solder embody-
ing the present invention suitable for use as a replace-
ment for the conventional lead-containing solder.

Test 2: Mechanical Properties

[0031] A second test compared the mechanical prop-
erties of the solder of the present invention with the me-
chanical properties of a conventional lead-containing
solder. In this second test, various mechanical tests
were carried out in accordance with the ASTM standard
to compare the properties of ALLOY 349, the solder em-
bodying the present invention, with a conventional lead-
containing solder with the composition 63%Sn/37%Pb
and seven other existing lead-free solders, with the fol-
lowing compositions:

1. A first lead-free solder: 99.3%Sn; 0.7%Cu.
2. A second lead-free solder: 96.5%Sn; 3.5Ag.
3. A third lead-free solder (herein called VIROMET
217): 88.3%Sn; 3.2%Ag; 4.5% Bi; 4.0% In.
4. A fourth lead-free solder (herein called VIROMET
HF): 92.8%Sn; 0.7%Cu; 0.5%Ga; 6%In.
5. A fifth lead-free solder: 93.5%Sn; 3.5%Ag;
3.0%Bi.
6. A sixth lead-free solder: 95.5%Sn; 4.0%Ag;
0.5%Cu.
7. A seventh lead-free solder: 96%Sn; 2.5%Ag;
0.5%Cu; 1.0%Bi.

[0032] A first aspect of this second test involved de-
termining the melting temperature, the coefficient of
thermal expansion (CTE) and the specific gravity (SG)
of the solders under test. The results of this first aspect
of the second test are tabulated in Figure 5 and illustrat-
ed in graphical form in Figure 6.
[0033] As will be appreciated from the table and
graph, the ALLOY 349 solder of the present invention
proved to have a thermal expansion co-efficient which
is very close to the conventional lead-containing solder,
so that any fear of incompatibility between the invention
and existing components and boards is significantly re-
duced.
[0034] A second aspect of the second test involved
measuring the tensile strength, load at maximum load,
yield strength and Young's Modulus of the various sol-
ders. The results of these tests are expressed in full in
the table of Figure 7, while Figure 8 graphically shows
the tensile strength and yield strength of each of the al-
loys.
[0035] As will be seen from Figures 7 and 8, the re-
sults of this test demonstrate that the ALLOY 349 solder
embodying the present invention has a better strength
and better Young's Modulus compared to the conven-
tional lead-containing solder, thereby indicating that fil-
let joints made of the alloy in accordance with the inven-
tion can potentially be much stronger than joints made
from the conventional lead-containing solder.

Test 3: Fillet Lifting

[0036] The increasing use of lead-free solders in the
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various industries has shown that there is a tendency
for fillet lifting to occur when lead-free solders are used
in the context of printed circuit boards with through-plat-
ed holes employing both OSP and Ni/Au coatings.
[0037] In a third test, the occurrence of such fillet lift-
ing was tested for a selection of lead-free solders, name-
ly the ALLOY 349 solder embodying the present inven-
tion and the following six existing lead-free solders:

1. A first lead-free solder: VIROMET 217.
2. A second lead-free solder: 92.3%Sn; 3.2%Ag;
0.5%Bi; 4.0%.
3. A third lead-free solder: 89.8%Sn; 3.2%Ag;
1.0%Bi; 6.0%In.
4. A fourth lead-free solder: 88.8%Sn; 3.2%Ag;
2.0%Bi; 6.0%In.
5. A fifth lead-free solder: 94.5%Sn; 4.0%Ag; 0.5%
Cu; 1.0% Bi.
6. A sixth lead-free solder: 96.5%Sn; 3.5%Ag.

[0038] The results of this third test are illustrated in
Figures 9, 10A and 10B, Figure 9 showing the results in
tabulated form. Figures 10A and 10B show micro-
graphs, on two different scales, of fillet joints formed us-
ing the ALLOY 349 solder embodying the present inven-
tion on Ni/Au and OSP coatings, respectively. These re-
sults clearly indicate that the use of a solder embodying
the present invention enables the elimination of fillet lift-
ing defects in the context of OSP and nickel/gold coated
through-holes in printed circuit boards.

Test 4: Copper Dissolution Rate

[0039] A fourth test was carried out to compare the
copper dissolution rate in a lead-free solder embodying
the present invention with a conventional lead-contain-
ing solder (63%Sn/37%Pb) and three existing lead-free
solders as follows;

1. A first lead-free solder: VIROMET 217.
2. A second lead-free solder: 99.3%Sn; 0.7%Cu.
3. A third lead-free solder: 95.5%Sn; 4.0%Ag;
0.5%Cu.

The testing was carried out by dipping a known weight
of fluxed copper plate into the melted solder and the con-
centration of the copper in the solder was subsequently
measured using inductively coupled plasma equipment.
The rate of copper dissolution was then calculated on
the basis of the concentration of the copper found in the
solder against the weight of copper dipped in the solder.
[0040] The results of this fourth test are expressed in
Figures 11 and 12, which respectively show the results
in tabulated form and in graphical form. As will be seen
from Figures 11 and 12, the alloy embodying the present
invention has a slightly higher rate of copper dissolution
than the conventional lead-containing solder but also
has one of the lowest copper dissolution rates found in

the lead-free solders tested.

Test 5: Drossing

[0041] A fifth test was concerned with the suitability
of the solder of the present invention for use in a wave-
soldering machine. In an example of wave-soldering, a
circuit board is held just above the surface of a quantity
of molten solder in a pot. A wave is then caused to prop-
agate across the surface of the molten solder, of suffi-
cient amplitude that the crest of the wave comes into
contact with the surface of the circuit board. The wave
is as wide as the circuit board (or the portions thereof
that require soldering), and as the wave propagates
across the surface of the molten solder all parts of the
downward-facing surface of the circuit board are con-
tacted with molten solder.
[0042] When using existing lead-free solders, the lev-
els of dross present in the pot after several uses have
been found in some cases to be unacceptably high.
[0043] A fifth test was carried out to determine the ex-
tent of drossing when using the ALLOY 349 solder em-
bodying the present invention compared with the con-
ventional 63%Sn/37%Pb solder and with three other ex-
isting lead-free solders, as follows:

1. A first lead-free solder: VIROMET 217.
2. A second lead-free solder: 99.3%Sn; 0.7%Cu.
3. A third lead-free solder: 95.5%Sn; 4.0%Ag;
0.5%Cu.

[0044] In this test, the solder being tested was used
in a pot of molten solder in a simulated conventional
wave-soldering machine. No alteration of the machine
was made to accommodate the use of the solder and
the wave-soldering machine was used to solder circuit
boards in the same way as for a conventional tin/lead
solder. The wave-soldering machine was operated in a
normal air environment at a pot temperature of 245° C,
with the boards being conveyed over the surface of the
pot at a speed of 1.4 to 1.8m/min. At the end of each of
four successive 15 minute periods of operation, the
dross in the pot was removed and weighed to determine
the amount of dross produced by the wave-soldering
process in each period. The weights were then totalled
to give a measurement of the rate of dross production
per hour. The results of this fifth test are tabulated in
Figure 13 which demonstrates clearly that the solder
embodying the present invention produces drossing to
a degree which is lower than all but one of the other
lead-free solders and is lower than the drossing found
with the conventional lead-containing solder.
[0045] As will be appreciated from the above results,
the present invention provides a lead-free solder that is
very suitable for use as a direct replacement for conven-
tional lead-containing solders, due to the comparable
characteristics of wettability, fluidity, compatibility with
existing component coatings, fillet lifting and drossing

7 8



EP 1 404 483 B1

6

5

10

15

20

25

30

35

40

45

50

55

exhibited by the solder of the present invention.
[0046] Consequently, the need for manufacturers to
replace existing machinery, processes or component
coatings to accommodate use of a lead-free solder can
be eliminated or substantially reduced by employing a
solder embodying the present invention. As a result, the
process of converting a manufacturer's facility to the use
of lead-free solder may be rendered far simpler and
more economically viable than hitherto contemplated.
[0047] In the present specification "comprises"
means "includes or consists of" and "comprising" means
"including or consisting of".

Claims

1. A substantially lead-free solder, comprising in
weight %

91.3% tin, 4.2% silver, 4.0% indium and 0.5%
copper.

2. A method of preparing a substantially lead-free sol-
der, comprising the step of mixing tin, silver, indium
and copper such that the proportion of tin is 91.3%,
the proportion of silver is 4.2%, the proportion of in-
dium is 4.0% and the proportion of copper is 0.5%
said proportions being expressed in weight %.

3. A method of soldering, comprising the step of using
a substantially lead-free solder comprising in weight
% 91.3% tin, 4.2% silver, 4.0% indium and 0.5%
copper.

4. A substantially lead-free solder comprising in
weight % 91.39% tin, 4.1% silver, 4.0% indium,
0.5% copper and 0.01% phosphorous.

5. A method of preparing a substantially lead-free sol-
der, comprising the step of mixing tin, silver, indium,
copper and phosphorous such that the proportion
of tin is 91.39%, the proportion of silver is 4.1%, the
proportion of indium is 4.0%, the proportion of cop-
per is 0.5% and the proportion of phosphorous is
0.01%, said proportions being expressed in weight
%.

6. A method of soldering, comprising the step of using
a substantially lead-free solder comprising in weight
% 91.39% tin, 4.1% silver, 4.0% indium, 0.5% cop-
per and 0.01% phosphorous.

7. A method according to Claim 3 or 6, comprising the
step of wave-soldering using the substantially lead-
free solder.

Patentansprüche

1. Im wesentlichen bleifreier Weichlötwerkstoff, der, in
Gewichtsprozent, 91,3% Zinn, 4,2% Silber, 4,0%
Indium und 0,5% Kupfer umfasst.

2. Verfahren zum Herstellen eines im wesentlichen
bleifreien Weichlötwerkstoffes, umfassend den
Schritt eines Mischens von Zinn, Silber, Indium und
Kupfer, so daß der Anteil an Zinn 91,3% ist, der An-
teil an Silber 4,2% ist, der Anteil an Indium 4,0% ist
und der Anteil an Kupfer 0,5% ist, wobei die Anteile
in Gewichtsprozent ausgedrückt sind.

3. Verfahren zum Löten, umfassend den Schritt eines
Verwendens eines im wesentlichen bleifreien
Weichlötwerkstoffs, der, in Gewichtsprozent, 91,3%
Zinn, 4,2% Silber, 4,0% Indium und 0,5% Kupfer
umfasst.

4. Im wesentlichen bleifreier Weichlötwerkstoff, der, in
Gewichtsprozent, 91,39% Zinn, 4,1% Silber, 4,0%
Indium, 0,5% Kupfer und 0,01% Phosphor umfasst.

5. Verfahren zum Herstellen eines im wesentlichen
bleifreien Weichlötwerkstoffs, umfassend den
Schritt eines Mischen von Zinn, Silber, Indium, Kup-
fer und Phosphor, so daß der Anteil an Zinn 91,39%
ist, der Anteil an Silber 4,1% ist, der Anteil an Indium
4,0%, der Anteil an Kupfer 0,5% ist und der Anteil
an Phosphor 0,01% ist, wobei die Anteile in Ge-
wichtsprozent ausgedrückt sind.

6. Verfahren zum Löten, umfassend den Schritt eines
Verwendens eines im wesentlichen bleifreien
Weichlötwerkstoffs, der, in Gewichtsprozent,
91,39% Zinn, 4,1% Silber, 4,0% Indium, 0,5% Kup-
fer und 0,01% Phosphor umfasst.

7. Verfahren nach Anspruch 3 oder 6, umfassend den
Schritt eines Schwall-Lötens unter Verwendung
des im wesentlichen bleifreien Weichlötwerkstoffs.

Revendications

1. Brasure essentiellement sans plomb, comprenant
en % en poids 91,3 % d'étain, 4,2 % d'argent, 4,0
% d'indium et 0,5 % de cuivre.

2. Procédé de préparation d'une brasure essentielle-
ment sans plomb, comprenant l'étape de mélanger
de l'étain, de l'argent, de l'indium et du cuivre de
sorte que la proportion d'étain soit de 91,3 % ; la
proportion d'argent soit de 4,2 % ; la proportion d'in-
dium soit de 4,0 % et la proportion de cuivre soit de
0,5 %, lesdites proportions étant exprimées en %
en poids.
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3. Procédé de brasage, comprenant l'étape d'utilisa-
tion d'une brasure essentiellement sans plomb
comprenant en % en poids 91,3 % d'étain, 4,2 %
d'argent, 4,0 % d'indium et 0,5 % de cuivre.

4. Brasure essentiellement sans plomb, comprenant
en % en poids 91,39 % d'étain, 4,1 % d'argent, 4,0
% d'indium, 0,5 % de cuivre et 0,01 % de phospho-
re.

5. Procédé de préparation d'une brasure essentielle-
ment sans plomb, comprenant l'étape de mélanger
de l'étain, de l'argent, de l'indium et du cuivre de
sorte que la proportion d'étain soit de 91,39 %, la
proportion d'argent soit de 4,1 % ; la proportion d'in-
dium soit de 4,0 % ; la proportion de cuivre soit de
0,5 % et la proportion de phosphore soit de 0,01 %,
lesdites proportions étant exprimées en % en poids.

6. Procédé de brasage, comprenant l'étape d'utilisa-
tion d'une brasure essentiellement sans plomb
comprenant en % en poids 91,39 % d'étain, 4,1 %
d'argent, 4,0 % d'indium, 0,5 % de cuivre et 0,01 %
de phosphore.

7. Procédé selon la revendication 3 ou 6, comprenant
l'étape de brasage à la vague utilisant la brasure
essentiellement sans plomb.
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