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Foreword

THIS COMPILATION OF THE JOURNAL OF ASTM INTERNATIONAL
(JAI), STP1530, on Lead-free Solders, contains papers published in
JAI encompassing the environmental and health concerns of the exposure
to lead during soldering and the success and failures of lead-free solders.
This STP is sponsored by ASTM Committee D02 on Petroleum Products and
Lubricants.

The JAI Guest Editor is Professor K. Narayan Prabhu, Department of
Metallurgical & Materials Engineering, National Institute of Technology
Karnataka, Surathkal, Mangalore, India.





Contents
Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii
Wetting Behavior of Solders

G. Kumar and K. N. Prabhu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
A Review of Pb-Free High-Temperature Solders for Power-Semiconductor Devices:
Bi-Base Composite Solder and Zn–Al Base Solder

Y. Takaku, I. Ohnuma, Y. Yamada, Y. Yagi, I. Nakagawa, T. Atsumi, M. Shirai, and
K. Ishida. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Wetting Behaviour and Evolution of Microstructure of Sn–Ag–Zn Solders on Copper
Substrates with Different Surface Textures

Satyanarayan and K. N. Prabhu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Solder Joint Reliability of SnBi Finished TSOPs with Alloy 42 Lead-Frame under
Temperature Cycling

W. Wang, M. Osterman, D. Das, and M. Pecht. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
The Microstructural Aspect of the Ductile-to-Brittle Transition of Tin-Based Lead-Free
Solders

K. Lambrinou and W. Engelmaier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Loading Mixity on the Interfacial Failure Mode in Lead-Free Solder Joint

F. Gao, J. Jing, F. Z. Liang, R. L. Williams, and J. Qu. . . . . . . . . . . . . . . . . . . . . . . . . . . 121
Ball Grid Array Lead-Free Solder Joint Strength under Monotonic Flexural Load

P. Geng. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
Tensile Properties of Sn-10Sb-5Cu High Temperature Lead Free Solder

Q. Zeng, J. Guo, X. Gu, Q. Zhu, and X. Liu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
Empirical Modeling of the Time-Dependent Structural Build-up of Lead-Free Solder
Pastes Used in the Electronics Assembly Applications

S. Mallik, N. N. Ekere, and R. Bhatti. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
Rheological Characterisation and Empirical Modelling of Lead-Free Solder Pastes and
Isotropic Conductive Adhesive Pastes

R. Durairaj, L. W. Man, and S. Ramesh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186





Overview
Lead containing solders are used extensively in the electronic packaging in-
dustry. The lead based solders have excellent wetting characteristics and
provide good electrical, thermal, and mechanical continuities. However the
lead present in these solders poses significant environmental hazards, such
as the problem of disposal of electronic assemblies, landfill contamination,
and toxicity toward human and wild life. To mitigate these problems, a large
number of lead free solders have been developed and introduced. Although
lead free solders are environmentally friendly, there are several technical
issues, such as-wetting, solder joint reliability, solder joint strength, and
other mechanical properties, which are not fully resolved. This special issue
on lead free solders addresses some of these concerns.

The compendium consists of ten research papers. In the first paper, the
factors affecting the wetting behavior of solders and the evolution of inter-
facial microstructures are reviewed and discussed. The development of Pb-
free high temperature solders for power semiconductor devices is reviewed
in the second paper. The effect of surface roughness on the wetting behavior
and the evolution of microstructures of two lead free solders on copper sub-
strates is discussed in the third paper. A paper by Wang et al. on solder joint
reliability compares the fatigue life of SnBi finished thin-small-outline-
package (TSOP) parts under thermal cycling to that of Sn finished parts.
The paper on microstructural aspects of the ductile-to-brittle transition fo-
cuses on specific aspects of the DBTT in the fracture behavior of tin-based
lead-free solders. The loading mixity on the interfacial failure mode in a
lead-free solder joint is discussed in the sixth paper. The paper by Phil Geng
compares the solder joint strengths of BGA (Ball Grid Array) lead-free to
that of eutectic lead (Sn–Pb) solder joint strengths. The effect of the mor-
phology of Cu6Sn5 intermetallic compounds on tensile properties of bulk
solder and solder joint is discussed in a paper on Tensile properties of Sn-
10Sb-5Cu high temperature lead free solder. Empirical modeling and rheo-
logical characterization of solder pastes used in electronic assemblies are
discussed in the last two papers.

I sincerely thank all the authors for their contributions and sharing their
knowledge. I am indebted to the reviewers who have played an important
role in the preparation of this STP by their constructive comments and sug-
gestions. I deeply appreciate the timely assistance and the excellent coordi-
nation of the review work by ASTM and JAI staff members. It was wonder-
ful working and interacting with them. I am grateful to Dr. George Totten of
GE Totten & Associates, LLC, USA who inspired, encouraged, and initiated
this work. As guest editor, I earnestly hope that this STP on Lead free Sol-
ders will encourage and facilitate further research in the wonderful area of
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environmentally friendly lead free solders. This compendium of research pa-
pers should serve as a valuable resource for students, researchers, and ma-
terial scientists in the electronics industry to understand the existing lead-
free solders better and initiate the development of newer solders.

K. Narayan Prabhu
Department of Metallurgical & Materials Engineering

National Institute of Technology Karnataka, Surathkal
Mangalore, India
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