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Electrochemical Migration of Sn-3Ag-XCu (X=0.0~0.9) Ternary
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ABSTRACT
Sn-3Ag-XCu(X=0.0~0..9) solders were reflowed on two copper pads,between/which 2-3V

DC voltage was employed to investigate the electrochemical migration in deionized water. The
electrochemical migration of Sn-3Ag-XCu(X=0.0~0.9) became more active with increasing the
Cu content from 0.0 to 0.9 wt%.
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EDS analysis showed that the Cu concentration in the dendritic precipitate produced between two solder
electrodes increases with increasing the Cu content in the ternary solder system. XPS spectra on the precipitate formed
between two electrodes displayed that the main components of the precipitate are Sn, SnO

2
, Ag

2
O, CuO. Weight ratios

of Ag and Cu to the total precipitate tended to decrease but that of Sn increase with the migration time.
Potentiodynamic polarization curves of pure Sn, Ag, Cu metals and of the Sn-3Ag-XCu(X=0.0~0.9) were compared.
The mechanism of electrochemical migration these of alloys for the solders Sn-3Ag-XCu(X=0.0~0.9) solders in
deionized water was proposed.

Keywords: Deionized water; Electrochemical migration; Sn-Ag-Cu solder; XPS; Potentiodynamic polarization.
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1. Sn-3Ag-XCu ( 100g)

Table 1 Notaiton, formula and component weight for the Sn-3Ag-

XCu (X=0.0~0.9) solders.

2. EDS 

Table 2 EDS analysis of the dendrites grown in between the

electrodes after electrochemical migration.

3.

Table 3 The solubility of metal hydroxide in the water.
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1

Figure 1 Patterns for Cu circuits with Cu-pads.

2 (a) (b) (c) 

Figure 2 The devices for measurement (a) electrochemical migration current, (b)

potentiodynamic polarization (c) anodic potential at a steady bias.
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3 Sn-3Ag-XCu 3V 

Figure 3 Variation of migration current with time for the Sn-3Ag-XCu(X=0.0~0.9)

reflowed on the Cu pad in deionized water at bias of 3V.
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Figure 4 The variation of electrochemical migration time with the Cu content in

Sn-3Ag-XCu (X=0.0~0.9) at different bias. The applied bias was 2.0, 2.5

and 3.0V individually.
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SEM (a) Sn-3Ag (b) Sn-3Ag-0.9Cu

Figure 5 After electrochemical migration test 900s in DI water at bias of 3V, the

SEM morphologies of precipitate in (a) Sn-3Ag, (b) Sn-3Ag-0.9Cu

solders.
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Figure 6 The Sn(3d
5
) XPS spectra on the precipitate of SAC9 solder after

electrochemical migration test in 50, 100, 150, 200 s in DI water at a bias

of 3V.
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Figure 7 The Ag(3d
5
) XPS spectra on the precipitate of SAC9 solder after

electrochemical migration test in 50, 100, 150, 200 s in DI water at a bias

of 3V.
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Figure 8 The Cu(2p
3
) XPS spectra on the precipitate of SAC9 solder after

electrochemical migration test in 50, 100, 150, 200 s in DI water at a bias

of 3V.
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Figure 9 Anodic potentiodynamic polarization curves for Sn-3Ag-XCu(X=0.0~0.9)

in de-ionized water after IR compensation.

10 2.0 2.5 3.0V Sn-3Ag 

Figure 10 The stabilized potential responsible for the Sn-3Ag after reflowed on Cu

pad, against saturated calomel electrode under the bias at 2.0, 2.5, 3.0V.
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11 XPS SAC9 3V 

Figure 11 Variation of the atomic percentage with electrochemical migration time

for the Sn, Ag and Cu elements in the dendrites grown in between the

electrodes.

12 IR (Sn) (Ag) (Cu) 

Figure 12 Anodic potentiodynamic polarization curves for pure Sn, Ag and Cu in

de-ionized water after IR compensation.




