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Lead-Free Solders with Excellent Solderability
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Toshiba has developed two types of lead-free solder with excellent solderability: a medium melting temperature Sn-Cu-Co type and a low
melting temperature Sn-Ag-Cu-In-(Co,Ti) type, with melting points of 227 °C and 207°C, respectively.  The addition of cobalt and titanium
lowers the surface tension of the molten solder and enhances oxidation resistance, thus improving the wettability. It was found that cobalt
diffused to the N (CusSns) phase and partially replaced tin to form a new metastable phase, 1’(CusSn42C0o.3).

The wettability and flow-up ratio of the Sn-Cu-Co solder in flow processing was found to be comparable to those of the Sn-Ag-Cu type.
The void defect ratio detected in integrated circuit (IC) packages reflowed using Sn-Ag-Cu-In-(Co,Ti) solder was about 3%, which is remark-
ably low in comparison with that of Sn-Ag-Cu or Sn-Ag-Cu-In solders.
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Chemical compositions and melting points of solder samples
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(b) Sn-3Ag-0.5Cu-4in

(a) sn-3Ag-0.5Cu-4In-0.2 (Co,Ti)

1. BREEONB RO — B R ds AR EVIFERTR I DV E v,
Co & Ti &ML 721E A 72 D EGE 2372 BRI % B A BIE S hv 7z,

Appearance and morphology of pendant drop
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Conditions of solderability tests
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Surface tension of various solders measures by pendant drop method
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Sn-0.7Cu-0.1Co 0.36~0.38
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Melting and solidification behaviors of Sn-Cu-Co solder on copper
substrate
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Melting and solidification behaviors of Sn-Ag-Cu-In-(Co,Ti) solder on
copper substrate
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Microstructure of joining interface between Sn-Cu-Co solder and
copper substrate
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Results of electron probe microanalysis (EPMA) of joining interface
between Sn-Cu-Co solder and copper substrate at position A in Fig. 4(a)
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Results of EPMA of joining interface between Sn-Cu-Co solder and
copper substrate at position B in Fig. 4(b)
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Results of transmission electron microscope (TEM) observation and
energy dispersive X-ray (EDX) analysis of joining interface between
Sn-Cu-Co solder and copper substrate
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Interface reaction suppressed by addition of cobalt
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Wettability and flow-up ratio of solders on IC package boards during
flow process
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Result of oxidation resistance testing of Sn-Ag-Cu-In-(Co, Ti) solder
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Result of X-ray void defect inspection of IC package boards with
Sn-Ag-Cu-In-(Co, Ti) reflow solder
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