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Solder joining technologies have become increasingly
important in the electronics industry in recent years from the
viewpoints of miniaturization of electronic components and
wide adoption of lead-free solder alloys. This article introduces
an example of analysis of the solder joint interface of a printed
wiring board on which components were mounted with a
lead-free solder alloy (Sn-3.0Ag-0.5Cu) and a crack in the solder
using a Shimadzu EPMA™ electron probe microanalyzer
(EPMA-8050G, hereinafter, EPMA).
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Fig. 1 Optical Micrograph of Solder/Electroless Ni-P Plating Joint Interface
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Analysis of Lead-Free Solder Joint Interface

Solder/Electroless Ni-P Plating Joint Interface

In solder joints on printed wiring boards (PWB), an electroless
Ni-P plating is applied on Cu electrodes. Fig. 1 shows the
composition of each layer between the PWB and the
electronic components mounted on the board. Fig. 2 shows
the enlarged mapping results of the region in the red box in
Fig. 1. This figure shows the joint interface between the
solder and the electroless Ni-P plating. It can be understood
that heterogenous dendritic intermetallic compounds of Ni,
Cu, and Sn and a P-rich layer have formed in this region. Fig. 3
shows the enlarged mapping results for the areas in the red
boxes in Fig.2. The condition of P concentration with a
thickness of several 100 nm and the distribution of fine Ag
particles with size of approximately 100 nm can be captured
clearly by measurement under a low accelerating voltage
condition (7 kV) to reduce the spread of X-ray spatial resolution.
As this example demonstrates, useful information for
investigation of decreased solder joint strength and analysis
of the interfacial deposition reaction process can be acquired
by EPMA analysis.
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Fig. 2 Mapping Analysis of Solder/Electroless Ni-P Plating Joint Interface
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Fig. 3 Enlarged Images of Mapping Analysis of Solder/Electroless Ni-P Plating Joint Interface
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Analysis of Solder Crack

Next, a mapping analysis of an area where a crack occurred in
a PWB solder joint was conducted. Fig. 4 shows the mapping
analysis results. The overlay image (lower right) shows the
distribution when 4 elements (Ni, Cu, Ag, Sn) were overlaid, and
indicates that an intermetallic compound layer consisting of
mainly Ni, Cu, and Sn has formed at the interface between the
solder and the Ni plating.

Focusing on the region between the intermetallic compound
layer and the crack (region outlined by the red dotted line in
the COMPO image at upper right in Fig.4), it can be
understood that depletion of Cu and Ag has occurred (as
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shown by the white dotted lines in the element distribution
images for Cu and Ag in Fig. 4).

Based on these results, it can be inferred that Cu and Ag, which
are originally components of the solder, dispersed and
concentrated at the interface with the Ni plating layer, and the
crack occurred due to the deterioration of solder strength
accompanying the formation of this Cu- and Ag-depleted layer.

This experiment shows that valuable information for analysis of
the cause of cracks in solder joints can also be obtained by
EPMA.

Cu/Ag-depleted layer

10 um COMPO 10.0 kV x3000 10 um

(counts) (counts)

700 220
195
170
145
120

95

70

45

20

Mg Ka 10.0 kV x3000

(counts) (counts)

196 78
69
60
52
43
34
25
16
8
Ni
17.2%
Sn
52.9%
Ni+Sn
1.8%
Ni+Cu+Sn
3.0%
Ag+Sn
2.4%

625

550

475

400

325

250

175

100

172

148

124

100

76

52

28

4

10pm Cu'La 100 kV x3000 10mm

(counts)
900

795
690
585
480
375
270
165

60

10 um Overlay

Fig. 4 Mapping Analysis of Solder Crack
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