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The investigation proposed here combines experiments and modeling to elucidate the fundamental mechanisms,
phenomenology, and process conditions that govern the integrity and performance of solder joints produced in
terrestrial vs. reduced gravity environments, such as the microgravity conditions on board the International Space
Station (ISS). The technical research program plans to utilize solder samples from the In-Space Soldering Investigation
(ISSI) experiments from the Physical Sciences Informatics (PSI) repository, as well as expand into other non-ISSI
solder compositions, and combine space- and ground-based experiments with advanced 3D materials characterization,
micromechanical testing, and mesoscale modeling. In particular, the project addresses the formation and persistence of
porosity through the reflow/filling/freezing processes and the deleterious effects on microstructure and mechanical
properties of the solder joint. It has been established that porosity arising from flux volatilization, which is dispersed
and expelled from the solder joint under terrestrial gravity, may become entrapped within the freezing solder material
under microgravity conditions, given the absence of buoyancy-driven convection. Our overall goals are (i) to advance
the current qualitative understanding of this phenomenon into the realm of alloy/process-specific quantitative
description and prediction, and (ii) to examine the effects of mechanically and acoustically stimulated flow patterns
while assessing their potential effectiveness as porosity mitigation strategies for solder-based fabrication processes in
space. Considering a range of potential applications and materials, 3 solder alloys will be investigated, including the
ISSI lead-based (Pb-Sn) solders, as well as lead-free (Sn-Ag-Cu and Sn-Au) solders, which have recently shown
promise for high-performance joint applications due to their thermal/electrical conductivities and excellent
corrosion/fatigue resistance.

New project for FY2023.
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