
Identification of Solder Joint Failures
The Helpline received a call from a manufacturer who had experienced
solder joint reliability issues with gold plated pins in a lead-free solder.
Scanning electron microscope (SEM) testing of samples was used in
order to help establish the cause.

The customer requested failure analysis of gold/nickel plated copper
pins soldered with tin silver (Sn96Ag4) solder. Gold embrittlement was
the concern. The lead-free samples included failed solder joints in a
connector. The pins were hand soldered to pre-tinned pads using a
tin-silver solder, and encapsulated in an aluminum housing. The
customer supplied two samples for analysis. ACI Technologies was
tasked with identifying possible causes of failure.

The samples were examined using optical and scanning electron
microscopy. Figure 1 shows a fracture of a soldered pin. The solder
joints were cross-sectioned in accordance with IPC TM-650 2.2.1.
Energy dispersive x-ray spectroscopy (EDS) was used for elemental
identification.

Figure 1: SEM image of soldered pin fracture surface.

Results

Elemental analysis of the pin fracture surfaces showed the presence
of tin, lead, gold, copper, nickel, and aluminum, as expected. Cross-
sections of the fractured solder joints showed that failure occurred at
the pin pad interface. Elemental analysis of the fractured joint showed
the presence of lead and gold in the solder. The lead contaminant was
dispersed throughout the solder with high concentrations at the center
of the joint where the fracture occurred. Large SnAuCu intermetallic
regions were observed at the solder-pad interface.

Figure 2 shows a cross-section of one of the soldered pins at low and
high magnifications. The larger image on the left shows the pin pad
interface at the bottom of the solder joint. SnAuCu intermetallic layers
were observed in the solder between the pin and the pad. Voids and
degradation were observed in the solder adjacent to these
intermetallic layers.

Conclusions

The separation of solder from the pin was caused by contamination
with gold and lead intermetallic formations near the pin interface that
weakened the solder and caused premature joint failure.

Two precautions were indicated:

    1.  Lead contamination must be eliminated from the soldering
operation. Possible sources of lead contamination include the
tip of the soldering iron or cross-contamination of the solder
materials. The solder materials should be analyzed for content
and soldering tips must be cleaned and kept free of lead prior
to soldering with lead-free solders.

    2.  Gold should be limited in the solder joint to avoid a condition
called gold embrittlement, where excessive gold content in the
solder reduces the number of thermal cycles a solder joint can
endure. A gold concentration of 3% by weight is considered
enough excess gold to weaken a joint. Electroless nickel 
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Figure 2: Cross-section of soldered pin at low magnification (left) and
high magnification (right).

          immersion gold (ENIG) printed wiring board finish contains very
little gold (usually less than five microinches thick) and is usually
not the source of gold contamination for solder joints. However
interconnect pins (such as in this example) are often
electroplated with much thicker (50 to 100 microinches) gold,
and can add significant amounts of gold into a solder joint. Pre-
tinning of gold plated leads can prevent such embrittlement by
dissolving excessive gold, reducing the gold in the resulting
solder joint. The molten solder bath used for pre-tinning must
be periodically changed to avoid the concentration of gold to
build-up in the tinning bath.

ACI Technologies offers each of the failure analysis services mentioned
here. Contact the Helpline at 610.362.1320.
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