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Abstract of Thesis

Eutectic Snb8Bi alloy has drawn a large amount of attention in electronic industries and
research institutes owing to its potential of becoming a promising low—temperature lead—free solder
However, microstructure coarsening during aging and brittleness are two main disadvantages. Alloying
minor element(s) into eutectic Sn58Bi allot was the approach in this thesis. Elements, i.e., Ti, Zn,
In with different compositions were added into eutectic Snb8Bi by alloying. Microstructures and
mechanical properties were examined accordingly.

In Chapter 1, a brief introduction on the background of soldering process and solder materials
in electronic packaging was provided. Advantages and disadvantages of lead-free solders, specifically,
eutectic Snb8Bi was presented. the motivations and design strategies of this thesis was discussed

In Chapter 2, for bulk alloy, the microstructure of eutectic Snb8Bi alloy was refined by a minor
Ti addition. Experimental results exhibited that the ultimate tensile strength (UTS) increased, while
elongation decreased before aging. For soldered joints, after 1008 h thermal aging, Ni3Sn4
intermetallic compound (IMC) layer formed underneath the (Au, Ni) (Sn, Bi)4 layer on eutectic
Sn58Bi/ENIG interface, while only (Au, Ni) (Sn, Bi)4 layer appeared to form for the Sn58Bi0.5Ti/ENIG
system. The shear strength for Snb8Bi0.5Ti joint was higher than that of eutectic Snb58Bi joint, owing
to the IMC layer difference

In Chapter 3, for bulk alloy, Zn segregation on Sn—Bi phase boundary was observed in Zn added
Snb8Bi alloy after thermal aging. The refined microstructure was therefore obtained. In addition,
elongation was also increased. For solder joints, AuZn3 IMC layer was formed on solder/ENIG interface
and remained very thin and stable during aging, which contributed to the improved shear strength.

In Chapter 4, for bulk alloy, In and Zn was added in to eutectic Snb8Bi alloy in order to
further improving elongation of the Zn—added Sn58Bi alloy by introducing the softening effect of In
Microstructure was refined by Zn addition. Solid solution softening of Sn phase induced by In solid
solution was proposed. Improved elongation was obtained due to the combined effects of Zn and In
additions. For soldered joints, Au-In/AuZn3 IMC layers were observed on Snb58Bi0.5In1Zn/ENIG interface
The thicknesses and morphologies of these IMC layers did not change during thermal aging. However, due
to the brittleness of AuZn3 IMC layer, the fracture occurred through the Au-In/AuZn3 IMC layers. The
shear strength of Snb58Bi0.5InlZn joint was lower than that of Snb58Bi0.5In joint

In Chapter 5, for bulk alloy, Sn45Bi2.6Zn alloy was designed based on the idea of reducing Bi
content in eutectic Snb8Bi and maintaining the similar melting temperature at the same time. The
composition was calculated based on the thermal dynamic calculation. By this reduction of the Bi the
elongation property was improved 112 % before aging. For soldered joints, sound solder joints were
made by using the same reflow profile of eutectic Snb8Bi solder alloy. A thin and thermally stable
AuZn3 IMC layer formed. As a result, shear strength remained stable after thermal aging for 1008 h.

In Chapter 6, above results and overall environmental assessment were concluded

As conclusion, aforementioned two disadvantages of eutectic Sn58Bi alloy was addressed by
alloying various elements. Author believes these newly designed alloys can meet the requirements and

replace eutectic Snb8Bi for practical use in the future
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