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ABSTRACT

A low melting point solder alloy comprising
effective amounts of tin, silver and indium.
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LEAD-FREE ALLOY CONTAINING
TIN, SILVER AND INDIUM

Background Of The Invention

The present invention relates to lead-free

alloys for use in soldering. More particularly, the
present invention relates to a lead-free solder

composition comprising tin, silver and indium.

Characteristics which make them suitable for particular
applications. Two characteristics of a solder which

are 1important to its use are melting temperature ang
melting range.

temperature should also be high enough that the joint
formed will not be affected by the operating
temperature of the device Oor by subsequent soldering
operations. In modern electronic applications, the

requires the use of solders at relatively low

temperatures. 1In comparison, solders for Joining and
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The melting range of a solder is also
considered. Pure elemental metals have a ﬁélting
point. Most alloys, however, with the exception of
eutectic compositions, melt over a range of
temperatures. The alloy begins to melt at a

liquid until it reaches a higher temperature called the
liquidus. The range between the solidus and the
liquidus is referred to as the pasty range. At
temperatures within the pPasty range, the alloy contains
a mixture of solid and liquid phases containing
different metal compositions. The solid phase contains
higher melting point components and the liquid phase
lower melting point components. Separation of the two
components, called liquation, can alter the chemical

¢one. As the soldered joints cool, the solder
solidifies. If a solder with a large pasty range is
used, then parts of the soldered joint will begin to
so0lidify while some of the solder remains liquid.
Vibration from the conveyor belt will then tend to
Separate the two metal phases. The vibration and
liquation may disrupt the crystallization of the
solder. The disrupted Joint may be physically weakened
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Solders with small Pasty ranges are also
important in certain "step-soldering" operations where
components are added to a device sequentially. These

specific melting temperatures. 1In step soldering, the
first components are Joined using a relatively high
melting temperature solder. When later components are
Joined, a lower melting temperature solder is used so
that the earlier-soldered joints are not affected by
the soldering operation. Further components may then

different melting points is critical to such step-
soldering processes. It jis also important, if several

soldering steps are to be performed, for the melting
ranges of the solders to bpe small.

Several solders are in common use in
automated soldering operations. Sné3Pb37, comprising
63% tin and 37% lead, is a eutectic alloy which melts
at 183-°c. Sn62Pb36Ag02, comprising 62% tin, 2% silver
and 36% lead, is a eutectic alloy which melts at 179°C.




Although plumbing is the most vivid example,

other uses of lead-containing solders are also

> regulated. The United States Occupational Safety and

Health Administration ("OSHA") has established a

+ OSHA regulations have strict

requirements for minimizing employee exposure.

Although -containing

solders are used do not produce lead concentrations
high enough to trigger the OSHA standards,

possible that stricter limitations upon the use of lead
ln solder might be imposed.

such requlations,
still desirable.

15

Even in the absence of

reducing employee exposure to lead is

20 dependence upon lead-containing solders for certain

applications by providing lead-free alternative
solders.

30 operations.
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Summary Of The Invention

It 1s an object of this invention to provide a solder composition for joining
and sealing which is less toxic than common lead-containing solders.

5 It 1s a further object of this invention to provide lead-free solder
compositions with relatively low melting temperatures suited to the assembly of
electronic components. As used herein, “lead-free” means that the alloy or solder
does not contain lead or is essentially free of lead. As a guideline to the meaning
of “essentially free of lead,” see Federal Specification QQ-S-571E Interim

10 Amendment 5 (ER) 28 December 1989 paragraph 3.2.1.1.1, as approved by the
Commissioner, Federal Supply Service, General Services Admunistration (lead
should not exceed 0.2%). As the applicarit understands, this guideline is also
followed in Canada.

It 1s still further an object of this invention to provide lead-free solder

15 compositions with relatively small pasty ranges sutted for use in automated
soldering operations.

It 1s also an object of this invention to provide a lead-free solder which can
replace currently used lead-containing solders such as Sn63Pb37
In accordance with the present invention, there are provided solders

20 comprising tin, silver and indium. The above and other objects and advantages of

the present invention will be apparent upon consideration of the following detailed

description.

Detailed Description Of The Invention

25

The present invention relates to compositions comprising effective
amounts of tin, silver and indium. These compositions are suitable for electromc
soldering operations. The preterred alloys are those with low melting

temperatures and a relatively small pasty range.
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In one embodiment of the 1nvent10n the
composition comprises from about 70% to about 92% by
weight tin, from about 1% to about 6% by weight silver

vessel. These metals can then be melted together using
any conventional melting technique. When the metals

have been heated to a temperature at which all the

and cast into a suitable mold. After cooling, the
alloy can be fabricated into sultable shapes such as
rods and the like.

The following examples Present i1llustrative
but non-limiting embodiments 0of the present invention.

Unless otherwise indicated in the examples and

elsewhere in the specification ang claims, all parts
and percentages are by weight.

Example 1

An alloy is prepared having the following
composition:

Tin 91.9%
Silver 3.3%
Indium 4.8%




2095258

....7...
Example 2
An alloy is prepared having the following
composition:
5 Tin 87.7%
Silver 3.2%
Indium 9.1%

An alloy is prepared having the following
15 composition:

Tin 84.0%
Silver 3.0%
Indium 13.0%

Example 4
25 An alloy is prepared having the following
composition:
T1in 80.4%
Silver 2.9%
Indium 16.7%
30
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Example 5
An alloy is prepared having the following
composition:
5 Tin 177 .2%
Sllver 2.8%
Indium 20.0%

An alloy is prepared having the following
15 composition:

Tin 74.2%
Sllver 2.7%
Indium 23.1%

20 171.6°C and a liquidus temperature of 183.4°C. The
alloy has a Pasty range of 11.8°cC
Example 7
25 An alloy is prepared having the following
composition:
Tiln 71.5%
Sillver 2.6%
Indium 25.9%
30
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useful where temperature sensitive elements are to be

joined or sealed.
While the invention has been explained 1n

relation to its preferred embodiments, it 1is to be

ifications thereof will
The

5 understood that various mod

become apparent to those skilled in the art.

foregoing disclosure 1s not intended or to be construed

to limit the present invention, or to otherwise exclude

any such other embodiments, adaptations, variations and

10 equivalent arrangements, the present invention being

limited only by the claims appended hereto and the

equivalents thereof.

ree mmmme 4 —— Ty e ¥
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OF PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A lead-free solder alloy comprising tin, silver and indium, wherein the metal
constituents comprise 1% to 6% by weight silver, 4% to 35% by weight indium and

70% to 92% by weight tin, said composition having a solidus temperature between
167°C and 212°C and a liquidus temperature between 179°C and 213°C, provided that

the combined weight percentage of tin and indium 1s 96.7% or greater.

2. The alloy of Claim 1, comprising 77.2% by weight tin, 2.8% by weight silver
and 20% by weight indium.

3. The alloy of Claim 2, further having a solidus temperature about 178°C and

liquidus temperature about 189°C.

4. The alloy of Claim 1, comprising 92% by weight tin, 3% by weight silver and
5% by weight indium.

5. The alloy of Claim 1, comprising 88% by weight tin, 3% by weight silver and
9% by weight indium.

6. The alloy of Claim 1, comprising 84% by weight tin, 3% by weight silver and
13% by weight indium

7. The alloy of Claim 1, comprising 80% by weight tin, 3% by weight silver and
17% by weight indium.

8. The alloy of Claim 1, comprising 74% by weight tin, 3% by weight silver and
23% by weight indium.

9. The alloy of Claim 1, comprising 71% by weight tin, 3% by weight silver and
26% by weight indium.
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