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Reliability of Lead-free solder for Automotive Electronic Devices and Its Applications
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ABSTRACT

Although an Sn-Pb alloy is generally used for solder
at present, environmental considerations have occasioned
a search for lead-free solder aloys. The present research
evaluated |lead-free solder to determine whether it could
replace Sn-Pb solder, beginning with evaluation of the
reliability of the solder joint. The evaluation examined
reliability under five degradation modes: Thermal
fatigue, intermetallic compound layer, creep, vibration
fatigue, and ionic migration. Lead-free Sn-Ag-Cu solder
showed the longest life under thermal fatigue, which is
the most crucial element in reliability, and it was
confirmed to have reliability superior to Sn-Pb solder in
the thermal environments encountered in ordinary use.
The Sn-Ag-Cu solder was then put into use as a product
in a keyless entry transmitter, where it was demonstrated
to satisfy product quality and endurance quality
requirements.
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Fig. 1 Stress factors in the automotive environment
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Fig. 4 Tendency of chip resistor degradation
classified by solder material

Table 1 Results of thermal cycle test
Solder Mean life-cycle Internal
composition (50% crack) soundness
Sn-Pb 1800 OK
Sn-Ag-Cu 1750 OK

Sn-Bi 1000 OK
Sn-Zn 1650 OK
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4 To be possible to produce it by present equipment.

@ It has few parts.
» Guaranteed heat resistance for all parts.

@ As an independent part, it can be evaluated on its own.

4 Small amount of solder is used.

¢ |t is possible to be same cost as present product.

4 Urgent need to shift to Pb-free solder, partly for ease of
disposal as general waste.

4 Nature of the part makes it easy to use new materials.

Fig. 20 Reasons for selection of keyless entry (transmitter)
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Table 2 Results of model spec test

Test Item Result
Thermal cycle OK
Heat resistance OK
Switch endurance OK
Transmission performance OK
General performance OK
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