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Abstract
The thermal cycle test was performed to CSP microjoints with several Sn-Ag lead-free sol-

ders, and the microstructure observation was performed before and after thermal cycle test.

In the initial solder joints with Sn-3.5Ag or Sn-3.5Ag-0.76Cu, fine Ag;Sn grains were mainly

distributed at the grain boundary of Sn and around there. Those grains formed the network

structure in the Sn matrix. After thermal cycle test, a spherical growth of Ag;Sn grain was

observed and the network structure was disappeared. In that microstructure, the crack
growth was relative fast. On the other hand, as for Sn-Ag-Bi-Cu alloy, Bi phases were finely
existed in Sn matrix and those were stable even after the thermal cycle test. The crack growth

in Sn-Ag-Bi-Cu solder was relative slow because of the stable microstructure.
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Table 1. Solder balls

Solder type {mass%) Solidus Liquidus
Temp. (T) Temp. (C)
Sn-35Ag 221 221
Sn-3.5Ag-0.76Cu 216 220
Sn-1.9Ag-7.6Bi-0.5Cu 189 214
Sn-2.0Ag-20Bi-0.5Cu 135 190
Sn-37Pb 183 183
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Fig.1 Cross sectional view of CSP solder joint (Sn-37Pb}
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Fig.2 Microstructures of CSP solder joint with Sn-3.5Ag solder
before thermal cycle test
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Fig.3 Microstructures of CSP solder joint with Sn-2Ag-20Bi-0.5Cu
solder before thermal cycle test
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Fig.4 Microstructures of CSP solder joints after
thermal cycle test (—40~125C, 7000 cycles)

Table 2. Probable formation phases in initial joints by EPMA analysis

Solder type (mass%) Formation phase

Ni/Au plating pad side in Solder Cu pad side
Sn-35Ag NiszSns. Cu/Sn/Ni* Sn, AgsSn. CusSns CusSns
Sn-3.5Ag-0.76Cu Cu/Sn/Ni**, Cu/Sn/Nj* * * Sn, AgsSn, CusSns CusSns
Sn-1.9Ag-7.6Bi-0.5Cu Cu/Sn/Ni* Sn, Bi. AgsSn. CusSns CusSns
Sn-2Ag-20Bi-0.5Cu Cu/Sn/Nij* Sn. Bi. AgsSn, CusSns CusSns
Sn-37Pb Cu/Sn/Ni* Sn. Pb. CusSns CueSns

* Cu:Sn:INi=35:45:20 ** Cu:Sn:Ni=27:64: 9, ***, Cu:Sn:Ni=45:45:10 (at%)
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Fig.5 Microstructures of CSP solder joints with Sn-37Pb, Sn-3.5Ag
and Sn-2.0Ag-20Bi-0.5Cu solders before and after thermal
cycle test
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Fig.6 Microstructure of CSP solder joint with Sn-2.0Ag-20Bi-0.5Cu
solder after thermal cycle test
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Fig.7 Joint resistance measurement resuit (Sn-3.5Ag)
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