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Characteristics of Pb-free Soldersfor the Application in High Temperature
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Micro-Joining Center, Advanced Joining Technology Team,
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In this paper, the latest representative research results regarding Pb-free solder for the high temperature appli-
cation were reviewed. Regardless of many excellent properties, Sn-Sb dloy system is still very redtrictive
in the possibility for the high temperature application because of its low melting point. Bi composite solder
including CuAIMn particles was aso judged to be incongruent for the commercia application because of
its many physical problems. However, Bi-10Ag aloy showed the possibility of a commercia high temperature
solder in the application condition of Cu substrate, and Bi-Cu-Sb aloy was esimated as a high temperature

solder composition having superior properties when it was considered with various viewpoints.
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Fig. 1. Temperature dependance of the steady-state impression rate
for the wrought condition™.
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B intermetallic layer (Sb) particle core
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Fig. 3. Microstructure of a Sn/10 wt.%Sh solder paste (a) heated to
241°C and then cooled to room temperature, (b) heated to 247°C and
then cooled to room temperature (note that the dark regions in the
center of the Sb particles are shallow pores created by over-etching of
the (Sb) core of the particles), and (c) heated to 252°C, held for 5 min,
and then cooled to room temperature!™®
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Fig. 6. Stress and strain curve of solders shorwmg the comparison
between pure Bi and Bi+CuAlIMn solder at 25°C™.
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Fig. 7. Contact angles of molten Bi-Ag aloys on different substrates
at 340°c™,
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Fig. 8. Structural festure of the Bi-11Ag/Cu interface after reaction
350°C for 1 min™.
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Fig. 9. Tensile strength of Bi-Ag/Cu and Pb-5Sn/Cu joints. Tensile
dataof Pb-5S/Cu joint from Quan et al. ™ arelisted for comparison™.
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Fig. 10. Structural feature of the Bi-11Ag/Ni interface after reaction
at 350°C for (&) 1 min showing that cellular NiBis, layer-like NiBi,
and trapped Ag could be observed; and (b) 5 min indicating that the
NiBi layer became thicker with a prolonged reaction'™.
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Fig. 12. Microstructure of melt-spun sheet of (a) Bi-5Cu-15Sn, (b) Bi-10Cu-20Sb, and (c) Bi-5Cu-5Zn alloys!".
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Fig 13. Microstructure at interface of (a) Bi-10Cu-20Sb/Cu and (b)
Bi-10Cu-20Sb/Ni plated on Al soldered at 673K for 60 sec!.
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Table 1. Intermetallic compound(IMC)s precipitated at the interface
between Bi-Cu-X (X=Sh, Sn, and Zn) Sheet soldersand Cu or Ni sub-
strates soldered at 673K for 60 sec!.

Alloy Composition Substrate
(Mass %) Cu Ni
Bi-20Cu-10Sn CusSn NisSns
Bi-10Cu-20Sh CusSh, Cu,Sb NiSh
Bi-5Cu-5Zn Cuzn NiZng
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